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Preface

The success of a Special Issue is confirmed not only by the number of submissions but also by the

variety of relevant issues treated and the geographical coverage of the authors. These elements are at

the base of this Reprint, which we are honored to introduce and serve as Guest Editors. The theme of

sustainable food production is key in understanding and analyzing the complexity of the agri-food

systems all over the world, in developed regions as well as in emerging areas and less developed

countries. The concept itself of sustainability assumes different meanings and nuances according

to the context, requiring specific actions and policies along its three main dimensions: economic,

social, and environmental. In other words, sustainability, like development, is not a static concept

but evolves and calls for different measures according to the status and the features of the territories,

the population, the levels of welfare, and the natural resources. The agri-food system is always a

good indicator of the conditions of sustainability at any territorial level, since it necessarily involves

economic, social, and environmental issues, but has also to do with the cultural involvement of people

in what they eat and how they produce and make their own food. The contents of this Reprint stem

from Europe to Asia, from the North to the South of the world, and it hosts several outstanding and

distinguished authors, whom we sincerely thank for their precious contributions. The twelve papers

present a variety of approaches with interesting methodologies and different scales of analysis, from

micro to macro, with the common thread of keeping together economic strategies, social inclusion,

and environmental stewardship in sustainable food production.

Roberto Henke and Filiberto Altobelli

Editors
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Editorial

Economic Strategies and Policy Suggestions of Agricultural
Sustainable Food Production

Filiberto Altobelli and Roberto Henke *

Council for Research in Agriculture and Economics (CREA), Research Centre for Agricultural Policies and
Bioeconomy, Via Barberini 36, 00187 Rome, Italy; filiberto.altobelli@crea.gov.it
* Correspondence: roberto.henke@crea.gov.it

Sustainability is increasingly becoming a keyword for viable agriculture and food
production. Alongside Agenda 2030, sustainability is acknowledged as a multidimensional
issue involving three main spheres of knowledge and action: environmental, economic,
and social. Agriculture and food are strongly influenced by climate change, increasing
scarcity of natural resources, and changes in land availability and use. At the same time, the
agri-food system is at the center of relevant economic interests, both at the global and local
level, which rise relevant social conflicts involving local communities, city dwellers, and
institutions. This calls for a new approach to be established regarding primary agricultural
activities and food production, and a different perspective for studies and projects is
also needed.

A sustainable approach to agriculture, in the context of global governance, can lead
to an improvement of ecosystems, a reduction of waste of food and natural resources,
equitable access to food, and require a new set of policies able to overcome the trade-offs
among objectives and searching for win–win solutions.

The articles in this Special Issue contribute to the investigation, discussion (at a scien-
tific level), and dissemination (at an international level) of the possible economic strategies
and policies for implementing sustainable agricultural systems and food products, and
making rural areas more attractive, thus reducing unbalances concerning urban areas. The
result is an Issue rich of interesting innovative approaches and challenging methodologies,
including contributions from all over the world, in the right spirit of the free circulation of
ideas and research.

The 12 articles in this Special Issue of Agriculture, entitled “Economic Strategies and Pol-
icy Suggestions of Agricultural Sustainable Food Production”, include contributions from a
variety of researchers from various countries, following different scientific approaches and
methodologies, but all aimed to investigate the complex relationships between the three
dimensions of sustainability. Their full list is presented in Table 1.

Firstly, a paper by Italian researchers [1] on consumer evaluations and attitudes
towards new genome editing techniques emphasizes the importance of communication
and dissemination activities, where clarity and broad appeal are key to assessing knowledge
levels and determining how consumers’ backgrounds, including social and demographic
characteristics, affect their knowledge levels.

Next, a study by Chinese researchers is included, which, through a spatial correlation
network structure of and factors influencing technological progress in citrus-producing
regions in China, shows that Chinese mandarin and tangerine production is experiencing
technological progress, with a gradual slowdown [2]. However, mandarin production
technology is advancing faster than tangerine production technology. Overall, network
structures are rather dense and complex, with spatial spillovers. Economically developed
eastern regions have a higher status and stronger control in spatially correlated networks.
Key factors influencing technological progress in citrus production include education,
informatization, economic development, innovation, and financial support.

Agriculture 2024, 14, 504. https://doi.org/10.3390/agriculture14030504 https://www.mdpi.com/journal/agriculture1
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A work by Ecuadorian researchers analyzes how family farming contributes to food
sovereignty [3], using the community of Guarainag (in the canton of Paute, in the province
of Azuay-Ecuador) as a case study. This work responds to the need to explain the elements
that influence food sovereignty in the current food crisis in Latin America, specifically in
Ecuador, in the search for self-sufficiency in healthy food and local culture.

Another paper by Chinese researchers [4] investigates the reasons for the “Mezzo-
giorno trap” (inspired by a well-known economic paradox regarding the Italian Southern
regions) in the Chinese agricultural economy and presents constructive recommendations
based on the research findings. The research process shows that this methodology is better
suited to studying regional disparities in specific economic sectors, and the results obtained
are more stable and reliable.

As reported by an Italian research group in an analysis of preference weights and prior-
ity setting by users of irrigation extension services based on the analytical hierarchy process,
“ensuring economic sustainability” is the most important criterion [5]. The contribution
of this study is twofold: First, it presents the application of a methodology that involves
converting farmers’ linguistic judgment into a matching weight. Second, it addresses the
decision-making process to improve the use of IAS by evaluating the preferences expressed
by stakeholders. Irrigation extension services can play a vital role in helping users adopt
new techniques and technologies for more efficient water use and increased production.

The aim of the South African authors in their work was to influence smallholder
farmers’ perceptions of the adoption of digital technologies in the Eastern Cape Province
of South Africa [6]. Their study aimed to identify factors influencing smallholder farmers’
perceptions towards the adoption of digital technologies. It used a purposively selected
sample of 250 smallholder farmers who were interviewed cross-sectionally in the local
municipalities of Port St Johns and Ingquza Hill in South Africa. This study recommends the
provision of low-cost digital technologies that promote indigenous knowledge, targeting
youth and young farmers with lower educational attainment who live in small households
and who are full-time farmers with medium to high incomes and are part of farmer
groups/organizations.

Another study on citrus was conducted by Chinese researchers [7] on the spatial-
temporal evolution and spatial convergence analysis of total factor productivity of citrus
in China. This study shows that from the perspective of time series evolution, the growth
rate of total factor productivity of mandarin and tangerine in China slowed down year by
year after reaching its maximum value in 2008. Technological progress was the main factor
influencing the total factor productivity of citrus fruits. The total factor productivity growth
of mandarin was more stable than that of tangerine. Moreover, the pure technical efficiency
index and the scale efficiency change index of mandarin and tangerine were not stable.

A study carried out by Italian researchers [8] proposes a business model (BM) as a tool
for scaling up irrigation advisory services (IASs) within a business perspective, with the aim
of promoting the diffusion of this technology while enhancing the associated environmental
and social benefits; BM provides a detailed revenue strategy that guarantees the financial
sustainability of IASs. The Business Model Canvas © was adopted for the design and presen-
tation of our BM. In conclusion, an innovative and well-structured BM has the potential to
make IASs profitable and capable of ensuring environmental and social sustainability.

Research in Saudi Arabia and Egypt tested an extended model of the Theory of
Planned Behavior (TPB) to investigate the determinants of green investment intentions
in the Saudi food industry [9]. This study, using PLS-SEM, found that a positive attitude,
perceived behavioral control, green investment knowledge, and commitment to green
consumption significantly influence potential investors’ green investment intentions. Con-
versely, subjective norms had a negative impact, while religiosity played a moderating role
in these relationships. The implications highlight the importance for academics and policy-
makers in higher education to prioritize instilling positive attitudes, enhancing behavioral
control, and providing green investment knowledge to graduates in order to promote
environmentally responsible investments.

2



Agriculture 2024, 14, 504

Table 1. Summary of the twelve articles included in this Special Edition and their contributions to
Agricultural Sustainable Food Production.

Authors Article Focus Outcome

1

Romeo Lironcurti, S.;
Demaria, F.;

D’Annolfo, R.;
Sardone, R.

Consumer Evaluations
of and Attitudes

towards New Genome
Editing Techniques: An

Italian Case Study

The research aims are twofold:
(a) to assess the level of

knowledge and (b) to determine
how consumer background,

including social and
demographic characteristics,

affects their level of knowledge.

Emphasize the importance of
communication and dissemination

activities, in which clarity and a broad
appeal are key.

2 Gu, Y.; Qi, C.; He, Y.;
Liu, F.; Luo, B.

Spatial Correlation
Network Structure of

and Factors Influencing
Technological Progress

in Citrus-Producing
Regions in China

The research has a dual focus:
firstly, assessing technological
progress in key mandarin and
tangerine-producing regions in
China between 2006 and 2021.

Secondly, examining the network
structures of spatial correlations
in citrus production technology

progress, both overall and
individually. The study utilizes

the quadratic assignment
procedure to analyze factors

impacting the spatial network.

Chinese mandarin and tangerine
production is experiencing

technological progress, with a gradual
slowdown. Mandarin-production

technology is advancing faster than
tangerine technology. Overall network

structures are denser and more
complex, displaying spatial spillover

effects. Economically developed
eastern regions have a higher status

and stronger control in spatial
correlation networks. Key factors

influencing citrus-production
technology progress include

education, informatization, economic
development, innovation, and

financial support.

3
Verdugo, G.;

Cuadrado, G.;
Castillo, Y.

Family Farming as a
Contribution to Food

Sovereignty, Case
Guarainag Parish

The objective of this research is
to analyze how family farming
contributes to food sovereignty;

the Guarainag parish of the
Paute canton in the province of

Azuay-Ecuador is taken as a case
of study. This work responds to

the necessity to explain the
elements that impact food

sovereignty in the existing food
crisis in Latin America and

specifically in Ecuador in search
of self-sufficiency for healthy

food products and people’s own
local culture.

The research has a correlational and
explanatory scope; quantitative

methods were used to measure food
sovereignty through a binary logit

regression model, which provided an
answer to the hypothesis of the

research, which consisted of testing
the influence of family farming on
food sovereignty. Furthermore, to

collect the information, a survey was
applied to 372 small farmers with the
support of digital mapping and the

Kobol Tulboox software version 1.27.3.
The result was a Food Sovereignty

Index of 59.79%, which, according to
the scale used, places the territory in a

high average.

4 Li, X.; Yang, P.;
Zou, Y.

An Empirical
Investigation of the

“Mezzogiorno Trap” in
China’s Agricultural
Economy: Insights

from Data
Envelopment Analysis

(2015–2021)

This paper proposes a
methodology for identifying the

“Mezzogiorno Trap”. By
employing this approach and

combining panel data on
Chinese agriculture from 2015 to
2021, it is discovered that despite
the overall development of the
Chinese agricultural economy

during this period, the
“Mezzogiorno Trap” still exists.

The paper analyzes the reasons
behind the “Mezzogiorno Trap” in the

Chinese agricultural economy and
presents constructive

recommendations based on the
research findings. The research
process demonstrates that this

methodology is better suited for
studying regional disparities in

specific economic sectors, and the
obtained results are more stable

and reliable.

3
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Table 1. Cont.

Authors Article Focus Outcome

5

Donati, I.; Viaggi, D.;
Srdjevic, Z.; Srdjevic,
B.; Di Fonzo, A.; Del
Giudice, T.; Cimino,

O.; Martelli, A.; Dalla
Marta, A.; Henke, R.;

Altobelli, F.

An Analysis of
Preference Weights and

Setting Priorities by
Irrigation Advisory

Services Users Based
on the Analytic

Hierarchy Process

The present study has two
objectives. The first is to

individuate the priorities of the
preferences expressed by the

stakeholders. The second
objective is to carry out a ranking
of the weights of the criteria by
case study, ranking the groups
and their associated properties

among farmers’ profiles.

The results show that “assuring
economic sustainability” was the most
important criterion. The contributions

provided by this study are twofold:
firstly, it presents an application of a

methodology that involves the
conversion of a linguistic judgement

of farmers in a correspondence weight.
Secondly, it tackles decision making
regarding improving the use of IASs,
evaluating the preferences expressed

by the stakeholders. Irrigation
advisory services can play a key role

in assisting users to adopt new
techniques and technologies for more

efficient water use and
increased production.

6 Bontsa, N.; Mushunje,
A.; Ngarava

Factors Influencing the
Perceptions of

Smallholder Farmers
towards Adoption of

Digital Technologies in
Eastern Cape Province,

South Africa

The objective of the study was to
determine the factors that

influence the perceptions of
smallholder farmers towards the
adoption of digital technologies.
A purposively selected sample
of 250 smallholder farmers who
were cross-sectionally surveyed
from Port St Johns and Ingquza

Hill Local Municipalities in
South Africa was used in

the study.

there are economic, social justice, and
traditional perceptions towards digital
technologies by smallholder farmers,
with socio-economic factors affecting

the perceptions. The study
recommends providing low-cost
digital technologies that promote

Indigenous Knowledge, which should
target the youth and young farmers

with less education in small
households who are full-time farmers
with moderate-to-high incomes and

are part of farmer
groups/organisations

7 Gu, Y.; Qi, C.; Liu, F.;
Lei, Q.; Ding, Y.

Spatiotemporal
Evolution and Spatial
Convergence Analysis

of Total Factor
Productivity of Citrus

in China

In this study, the
DEA–Malmquist index method
was used to measure the total
factor productivity of citrus in

seven major
mandarin-producing provinces

and seven major
tangerine-producing provinces

in China from 2006 to 2020.

The results show that from the
perspective of time series evolution,

the growth rate of total factor
productivity of mandarin and

tangerine in China slowed down year
by year after reaching the maximum
value in 2008. Technological progress
was the main factor affecting the total
factor productivity of citrus. The total

factor productivity growth of
tangerine was more stable than that of

mandarin, and the pure technical
efficiency index and scale efficiency

change index of mandarin and
tangerine were not stable.

8

Santini, A.; Di Fonzo,
A.; Giampietri, E.;

Martelli, A.; Cimino,
O.; Dalla Marta, A.;

Annosi, M.;
Blanco-Velázquez, F.;

Del Giudice, T.;
Altobelli, F.

A Step toward Water
Use Sustainability:

Implementing a
Business Model Canvas
for Irrigation Advisory

Services [8]

This paper proposes a business
model (BM) as a tool for scaling

up IASs within a business
perspective, with the aim of

encouraging the diffusion of this
technology while enhancing the
associated environmental and

social benefits.

BM provides a detailed revenues
strategy that guarantees the financial
sustainability of IASs. To design and

represent our BM, the “Business
Model Canvas ©” has been adopted.
Concluion swonn an innovative and
well-structured BM has the potential

to leave the IASs profitable and
capable to ensure environmental and

social sustainability

4
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Table 1. Cont.

Authors Article Focus Outcome

9
Aliedan, M.; Alyahya,

M.; Elshaer, I.;
Sobaih, A.

Who Is Going Green?
Determinants of Green
Investment Intention in

the Saudi
Food Industry

This research tests an expanded
model of the Theory of Planned
Behaviour (TPB) to investigate

the determinants of green
investment intention in the

Saudi food industry. A
questionnaire survey was
electronically directed to

550 fresh agricultural and food
sciences graduates in public

KSA universities.

This study, utilizing PLS-SEM,
revealed that positive attitudes,

perceived behavioral control, green
investment knowledge, and

commitment to green consumption
significantly influence potential

investors’ green investment intentions.
Conversely, subjective norms

exhibited a negative impact, while
religiosity played a moderating role in
these relationships. The implications

emphasize the importance for scholars
and policymakers in higher education

to prioritize instilling positive
attitudes, enhancing behavioral

control, and imparting green
investment knowledge to graduates

for fostering environmentally
conscious investments.

10 Xiuling, D.; Qian, L.;
Lipeng, L.; Sarkar, A

The Impact of Technical
Training on Farmers

Adopting Water-Saving
Irrigation Technology:

An Empirical Evidence
from China

The study takes 707 farmers who
grow watermelons and

muskmelon in Yuncheng and
Xian City of Shanxi and Shaanxi
provinces as the research object
to analyse the influence of risk
aversion and technical training
and their interaction terms on

farmers’ WSIT adoption
behaviour. The study uses the
Probit and moderating effect

models to outline the findings

The empirical analysis reveals the
following outcomes: (i) 27.44% of the
sample farmers adopt water-saving
irrigation technology, indicating that

the current adoption rate and the
enthusiasm for adoption are relatively
low; (ii) risk aversion has a significant
negative impact on farmers’ adoption
of WSIT; (iii) both online and offline
technical training have a significant

positive impact on farmers’ adoption
of WSIT; (iv) significant group

differences exist in the effects of risk
aversion, online technical training,

offline technical training and
interaction items on farmers’ WSIT

adoption behaviour.

11

Borsotto, P.; Cagliero,
R.; Giarè, F.; Giordani,

G.; Iacono, R.;
Manetti, I.;
Sardone, R.

Measuring Short Food
Supply Chain

Sustainability: A
Selection of Attributes
and Indicators through
a Qualitative Approach

This paper presents the results of
a participatory analysis

conducted within the agro
BRIDGES H2020 project, with

the aim of defining a list of
economic, social, and

environmental attributes and
indicators to assess the

sustainability of SFSC, Short
food supply chains, and set up a
decision-making tool to support
producers in self-assessing their
sustainability level and choosing

the most appropriate business
model (BM) from those

identified within the project.

Early results highlighted three main
issues: indicator calculation feasibility,

business model categorization, and
the simplicity of the framework for

sustainability self-assessment. Some
recommendations are made, including

the importance of using a
participatory process in building an

evaluation framework on SFSC
sustainability and the necessity of its

adaptation to territorial contexts
and needs.

5
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Table 1. Cont.

Authors Article Focus Outcome

12

Sudomo, A.; Leksono,
B.; Tata, H.; Rahayu,

A.; Umroni, A.;
Rianawati, H.;

Asmaliyah;
Krisnawati;

Setyayudi, A.; Utomo,
M.; Pieter, L.; Wresta,

A.; Indrajaya, Y.;
Rahman, S.; Baral, H.

Can Agroforestry
Contribute to Food and
Livelihood Security for

Indonesia’s
Smallholders in the

Climate Change Era?

In Indonesia, smallholders have
historically practiced

agroforestry, which warrants
examination in terms of food

and livelihood security within
sustainable community forest

frameworks. Based on a
literature review, we analyzed

these two forms of security
related to smallholder
agroforestry practices.

Main findings indicate diverse
agroforestry systems, with 88%
focusing on non-timber forest

products (NTFPs) and 12% on timber.
While 42% prioritize direct food
supply, 58% emphasize income

generation through product sales.
However, agroforestry that does not
produce food for direct consumption
by smallholders generates revenue for

purchasing food necessities.
Agroforestry supports both food

needs (46–61%) and income (51–54%)
for smallholders, surpassing
traditional agriculture (13%).

Semi-commercial agroforestry (57%) is
a predominant livelihood prospect.

The remaining 27% are purely
subsistence, and 15% are purely

commercial. However, the
commercialization of agroforestry that

focuses only on high-value
commodities results in a negative

impact on biodiversity.The research
directly related to food security and

ecosystem services quantification
remains limited, necessitating further

investigation. Policy support and
incentives are essential for

smallholders practicing complex
agroforestry for climate adaptation

and mitigation.

Australian and Chinese researchers are evaluating the impact of technical training
on farmers’ adoption of water-saving irrigation technology [10]. In this work, an in-depth
analysis of the impact of risk aversion, technical training, and their interaction on farmers’
adoption of WSIT will help the government to promote WSIT to facilitate agricultural
resource conservation and sustainable development. Their study suggests that the role of
technical training in the diffusion of WSIT should be strengthened and that differentiated
technical training for various types of farmers should be implemented to reduce the degree
of farmers’ risk aversion.

Subsequently, Italian researchers carried out a study of the Short Food Supply Chain
(SFSC), which can be understood as a supply chain with a minimum number of intermedi-
aries [11]. Although they have been shown to bring economic, social, and environmental
benefits, they still represent a niche phenomenon in the agri-food market.

Finally, “Can agroforestry contribute to food and livelihood security for Indonesia’s
smallholder farmers in the era of climate change?” is the research question investigated
by Indonesian and Chinese researchers [12]. They found that research directly related
to food security and the quantification of ecosystem services is still limited and needs
further investigation. Hence, policy support and incentives are essential for smallholders
practicing complex agroforestry for climate adaptation and mitigation.
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Abstract: The ever-increasing development of assisted evolution technologies (AETs) in agriculture
has boosted crop improvement. The commercialization of improved biotech crops can be promoted
by modern gene editing instead of conventional genetic modification, which is a cheaper and faster
approach that can help address future agriculture challenges, such as food security, environmental
sustainability, and climate change. However, the use of these technologies is still sensitive and
debated in many countries. Each region promotes a different approach, depending on regulatory
policies, and adopting these technologies requires knowledge of consumer views and stakeholder
acceptance. For this purpose, we conducted a survey of 564 Italians regarding their knowledge of
genetic techniques, informational tools, purchase preferences, environmental sustainability, and food
safety issues. The research aims are twofold: (a) to assess the level of knowledge and (b) to determine
how consumer background, including social and demographic characteristics, affects their level of
knowledge. Our findings emphasize the importance of communication and dissemination activities,
in which clarity and a broad appeal are key.

Keywords: assisted evolution technologies (AETs); consumer attitude; environmental risk and food
safety; Italian consumer sample

1. Introduction

In recent decades, interest in food security and environmental sustainability has
steadily increased as the global population grows. Addressing these issues requires con-
tinuous improvement in food production methods, more sustainable systems, and higher
product yields.

Advances in science and technology have significantly affected the food industry, im-
proving food production, increasing crop resistance to diseases and drought, and increasing
food nutritional content.

Consumers are increasingly interested in learning about their food sources and how
different food production systems impact the environment and food safety. In particular,
there is growing interest in understanding genetically modified food crops.

In Europe, as in many other places around the world, the related legislation represents
the main obstacle to the use of these new technologies. Since 2001, assisted evolution
technologies (AETs) have developed rapidly. In response, in 2019, the European Council
asked the European Commission to assess the adequacy of existing legislation on the devel-
opment and potential application of New Genomic Techniques. The resulting Commission
study on NGTs (2021) found that the existing legislation was not fit for purpose and was
ineffective in terms of risk assessment. The study argued that risk assessment should have
requirements adapted to the characteristics and risk profile of a plant and stated that such
assessment should be deemed unnecessary for plants produced through conventional plant
breeding or classical mutagenesis. The study concluded that there are strong indications
that the current EU GMO legislation is not fit to regulate NGT plants obtained by targeted
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mutagenesis or cisgenesis, nor products (including food and feed) derived from them,
and consequently, legislation should be adapted on the basis of scientific and technical
progress [1–3].

This raises the problem of different applications of national laws between countries. In-
deed, the various national legal frameworks show divergences in biotechnology regulation,
which contributes to limiting biotechnological development [4]. Several GM food issues
have also become controversial at different levels, from food security to environmental
issues, including risks and benefits.

Assisted evolution technologies, including NBTs, are an alternative to traditional
genetic selection tools and represent a potential response to the important challenge of
sustainably increasing food production. Differently from GMOs, NBTs also allow the
introduction of new characteristics without involving genes from other species, keeping the
genetic heritage unaltered. Consequently, the resulting plant product is free from foreign
genes and would not be distinguishable from the product generated by conventional
breeding techniques [5].

Myths and facts guide consumer choices. One popular myth is that GM foods are
not natural food products and, thus, are unsafe for consumption, as most of the relevant
literature highlights. The fact is that GM foods are safe, and almost everything we eat
is genetically modified; just think of “pachino” tomatoes, apples, or corn. The literature
has also shown that consumers can have both positive and negative perceptions of GM
products that are offset by personal values and ethics [6]. Scholars also stress that the
perception and acceptance of GM foods could be influenced by the values held by specific
groups, including overall concerns about global food and food security, climate change,
and ethical beliefs. Moreover, empirical evidence suggests that more education in terms of
quality information would allow consumers to make purchasing decisions that accurately
reflect their beliefs [7].

The level of consumer acceptance of GM products is also guided by trust in institutions,
scientific knowledge, and pricing. This means that the government’s decision to ban or
approve GM crop cultivation, as well as the communication strategies used, can influence
consumer attitudes and choices [8,9]. Literature findings reveal that perceived benefits and
risks play a significant role in determining consumer behavior toward GM food.

Finally, gender differences and income levels also seem to play a role in consumer
perceptions. Bellows et al. [10] found that women were more strongly inclined to purchase
non-GM foods, and income level impacts attitudes toward GMOs.

In light of the above, the present study aims to understand Italian consumers’ feelings
towards and perceptions of AET. By using a descriptive analysis, we study the correlation
between the consumer’s level of knowledge of AET and sample demographic character-
istics. The correlation between consumer backgrounds and knowledge levels has been
confirmed here. We used an original Italian sample administered via the Appinio agency
platform. The relevance of this research is linked to the reluctance of Italian consumers to
accept genetically modified foods. The results of this study reveal that consumer opinions
are heavily linked to the information tools used, where information accessed via social
media, press, and television is of poor quality, and scientific communications are aimed at
a very small audience.

2. Literature Review

The development of new genomic techniques has been an incentive to launch a
revision of the legal framework governing the use of agricultural biotechnologies. The use
of advanced breeding techniques will likely be required by the Green Deal, which seeks to
transform the EU into a modern, resource-efficient, and competitive economy.

These techniques could provide the key to addressing modern agricultural challenges
(climate change, food supply, environmental sustainability). However, understanding con-
sumer opinions is essential since they are the end users of products. Consumer knowledge
of genetic techniques is low [11]. McGarry et al. [12] compared consumer knowledge levels
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in the United States, Japan, and Italy, finding that US consumers were more likely to be
familiar with GMOs, with a percentage of 40.9% compared to 33.3% in Japan and only 28%
in Italy.

Lusk et al. [13] find heterogeneity in terms of knowledge and that some consumers
recognize there are differences between GMOs and genome editing (GE). Consumers pay
attention to risk analyses in terms of health and the environment rather than the process
used to create new products. Consumer knowledge affects their attitudes toward GM food
and other consumer goods. Knowledge of GM technology is also linked to consumers’
perceptions of the benefits and risks of genetically modified food and is considered a
significant factor in correcting distorted perceptions and intentions regarding GMOs [14].

Another branch of the literature points out that one of the main obstacles to consumer
acceptance is attributable to the type of information tools used [7,15,16].

The concerns related to food safety remain, although there is some consensus on the
contribution of biotechnology to sustainable food systems, particularly in creating opportu-
nities for environmental protection and generating good performance in the agricultural
and food sectors [17–21].

Some scholars agree that consumers perceive transgenic products with the same
properties as conventional ones and, consequently, the same probability of being harm-
ful to humans. These consumers also believe GM foods positively address global food
insecurity [17,19,22]. Conversely, many consumers still believe that genetically modified
plants are the result of an artificial crossing of naturally incompatible genes; hence, a source
of high risk for human health. These consumers believe GM foods alter the characteristics
of native foods, causing harmful health effects. Many uncertainties remain, and consumers
show strong resistance to food safety dimensions, feeding the scientific debate on the use
of biotechnology in the agri-food field [8,23–27].

De Marchi et al. [28] investigate the motivations for consumer acceptance of cisgenic
products. By comparing four information treatments related to basic information, natu-
ralness, health, and environment, the authors show that information on health-related
benefits and, particularly, environmental benefits helps generate a positive communication
landscape around cisgenic food. The results suggest the need to develop food policies and
new communication strategies aimed at increasing consumer acceptance of edited food.

The introduction of GM food should be accompanied by adequate policies to guarantee
consumer safety; this would allow a decrease in consumer-perceived risk concretely relating
to health [29,30].

Controversies linked to sociocultural factors, lack of public education, deficits in
science communication, and ethical issues remain.

It is necessary to develop scientific evidence-based decision-making models and
assess the risks and benefits of agricultural biotechnology with the highest scientific rigor,
considering agricultural biotechnology could reasonably be considered practicable when
certain conditions are met: consumers have a good knowledge of the products; products are
accepted globally and by the communities in which they are developed; there is potential
to directly benefit farmers; and there is responsible design to limit and minimize risks [31].

Nonetheless, disagreement regarding GM foods persists on several levels, including
whether it is safe, whether it should be labeled and if so, how, and whether agricultural
biotechnology is needed to address world hunger now or in the future. The empirical evi-
dence has demonstrated that innovations based on these new research techniques provide
substantial economic benefits and environmental improvements in critical ecosystems with
important overall contributions to sustainable development, specifically in terms of higher
yields, lower pesticide use, increased farm incomes, reduced pollution, and increased
resilience to weather [32].

Many consumers have no deep knowledge of GM foods and could overestimate
their objective knowledge. Moreover, McGarry et al. [12] show that European consumers
have a strong preference for organic foods, which could affect their attitudes toward GM
products. The US and EU have two contrasting approaches to GMO legislation in terms of
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approval. The US advocates for GMOs through approval and production, but in the EU, the
precautionary principle toward GMO use is being applied. These legal norms are closely
related to various social values, directly or indirectly [33]. The European Commission is
taking action to rebuild the current EU GMO legislation in order to exclude NGTs from
the current detection, labeling, and approval requirements with the aim of informing the
public about the benefits of NGTs and breaking the resistance to GM crops.

Scholars have validated that social trust can play a prominent role, in particular, trust
in regulatory agencies and procedures in use [31].

Increased knowledge through communication and education might affect public
perceptions about agricultural biotechnology, in particular, building trusting relationships
between experts, policymakers, regulators, and the public.

3. Materials and Methods

3.1. Survey Description

The purpose of this document is to examine, via a questionnaire, consumer’s feel-
ings about genetic modification techniques. In particular, we explore the relationship
between level of objective and subjective knowledge and levels of income and education.
The dataset used is original and derived from a sample analysis involving 564 men and
women residing in Italy who answered 15 questions in Italian (see Appendix B). The sur-
vey was conducted by the Appinio research agency (Appinio DEU, Hamburg, Germany)
using a CAWI methodology (computer-assisted web interviewing), which is a survey and
data collection method that relies on web-based technology to administer questionnaires
and collect responses from participants. Data was automatically collected on Appinio’s
own survey platform. Subjects came from two main sources: from Appinio’s own panel,
i.e., people who registered to the Appinio App and expressed their consent and avail-
ability to complete surveys, or from partner panels, which work as an extension of the
Appinio panel.

In both cases, upon registration, panelists were invited to provide their basic socio-
demographic information, mainly gender, age, location, educational level, employment
status, civil status, and household income. Thanks to this information, Appinio can direct
the survey invitations exclusively to respondents that match specific survey requirements
(e.g., if the target group consists of people with a university degree, only people who
previously declared having a degree would receive the notification). This methodology
allows the Appinio data to be of high accuracy and quality—meeting exactly the quotas
needed for each study.

After delivery of surveys, APPINIO collects the answers given by the end users and
provides them in anonymous, aggregated form, together with anonymous demographic
and statistical data on the client in the form of an evaluation for market research purposes.

Panelists provide us with this data voluntarily and to a self-determined extent. The
data provided are aggregated and made available anonymously in a statistical evaluation
that does not allow any conclusions to be drawn about individual users.

The information on the specific use of data that Appinio collects and provides is
available in Appendix C.

The sample collected and used in this study is representative and stratified by sex and
age. A high standard of responses was granted from Appinio quality controls, with a low
margin of error and a high confidence level (e = 4.38%|95% C.I.).

3.2. Survey Structure

The questionnaire was divided into four sections, as described in Figure 1. The first
stage of the questionnaire includes a self-assessment of knowledge with questions related
to subjective and objective knowledge; it explores what consumers think they know about
genetically modified techniques (GMT) and what they really know. The next questions
relate to the tools used to acquire information on GMTs. The third section comprises topics
related to the environment, food safety, and willingness to purchase GM products.
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Figure 1. Survey structure.

Some of the responses were based on a 5-point Linkert scale; others were based
on single or multiple-choice. Some of these responses were recorded based on their
distribution.

In the first part of the survey, regarding knowledge, respondents answered four
questions on GM food; three of these were related to subjective facts, while one was related
to objective facts, with only one correct answer option (see Appendix B, questions F1 to
F4 in the survey). Participants were asked what genetic improvement methods they know
with multiple response options, mainly distinguishing between techniques that are used
regardless of genetic modification and new techniques, like GMOs or NBTs (see Appendix B,
question F1 in the survey). Moreover, the knowledge of the differences between NBTs and
GMOs and the purpose of genetic modification has been investigated (see Appendix B,
questions F2 and F3 in the survey). The last question of the first section regards the
“objective” or real knowledge and investigates the consumer’s knowledge of the most
cultivated agricultural species, such as GMO seeds (see Appendix B, question F4 in the
survey). A score ranging from 1 to 5 indicates the level of objective knowledge on the topic.
Respondents who chose soy and cotton have a high level of objective knowledge. Based on
the answer to question 1 (see Appendix B, question F1 in the survey), we generated a new
variable to capture the subjective knowledge, which is the sum of the methods known by
respondents. This variable captures the level of presumed knowledge. We also investigate
what respondents think about the scope of genetic modification by evaluating both the
single and multiple-choice responses (see Appendix B, question F3 in the survey).

Consumer knowledge is key in the consumer’s perception and propensity to purchase
GM products. Nevertheless, the literature highlights the existence of a gap between
objective and subjective knowledge. The first one refers to what consumers really know
about GM techniques, while the latter concerns what consumers think they know. Fernbach
et al. [34] pinpoint that consumers who are opposed to GM products have a high subjective
knowledge but low real knowledge. Therefore, it is important to understand this gap to
address the propensity of the public to negatively regard NBTs and GMOs, which are often
considered to be the same.

Section two includes a question related to the use of information tools (see Appendix B,
question F5 in the survey). The variable related to information tools is scored from 1 to 5,
and it is also coded as the sum of the total number of information tools used to acquire
materials on GM food crops and products.

Section three includes questions related to the perception of food and environmental
safety (see Appendix B, questions from F6 to F8 in the survey). Participants were asked
to choose from the following options: (A) I believe GM foods are unsafe (to eat or for the
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environment), (B) I believe they are a little safe, (C) I don’t know, (D) I believe they are
fairly safe, (E) I believe they are absolutely safe. Moreover, participants were asked whether
they believe GM foods or crops could contribute to environmental sustainability. These
variables are both re-coded between 1 and 3, where 1 corresponds to “No, they don’t”; 2, “I
don’t know”; and 3, “Yes, they do”.

Finally, the survey explores consumers’ attitudes toward purchasing GM products (see
Appendix B, questions from F9 to F10 in the survey). Specifically, it investigates the willingness
to purchase GM foods. Also, this score, initially ranging between 1 and 5, has been re-coded in
a new variable with 1 for “I don’t buy”, 2 for “I don’t know”, and 3 for “I do buy”. Additionally,
we investigate the willingness to buy depending on the product’s origin.

Table 1 shows the demographic characteristics (The survey, reported in Appendix B
due to space constraints, includes only questions related to income, educational degree, and
geographical area. Gender and age were used for the sample stratification.) of the sample
regarding age, gender, income, education level, and region. The respondents, men and
women between 18 and 65 years old, were prescreened by gender, education, household,
region, and income to ensure the representativeness of the statistical population. The
distribution of the sample by geographical area is illustrated in Figure 2, with a greater
component in northeastern Italy, equal to 14.5% of the women and 14.7% of the men.

Table 1. Demographic characteristics (N = 564).

Gender N (%)

Male 275 48.7

Female 288 51.1

No response 1 0.2

Total 564 100

Income

0–15,000 Euros 160 28.3

15,000–30,000 Euros 249 44.3

30,000–50,000 Euros 99 17.6

>50,000 Euros 55 9.8

Total 564 100

University Degree

Doctorate Degree 27 4.8

Master 98 17.4

First Degree 77 13.7

High school diploma 304 53.9

Middle school diploma 55 9.8

No qualification 3 0.4

Total 564 100

Number of family members

1 85 15.1

2 158 28.0

3 175 31.0

4 115 20.4

5 27 4.8

+6 3 0.5

No response 1 0.2

Total 564 100

13



Agriculture 2024, 14, 51

Figure 2. Sample distribution by geographical area.

As shown in Table 1, respondents comprise 275 men (48.8%) and 288 (51.1%) women.
More than half of the sample reported having a high school diploma, 13.7% a bachelor’s
degree, and 17.8% a master’s degree. Forty-four percent of respondents earn between
15,000 and 30,000 euros per year (249 participants out of 564, or 44.3%), while the remainder
are divided between those who earn more than 30,000 euros and those who earn less than
15,000 euros.

4. Results

4.1. A Preliminary Analysis of the Survey Results

Among all techniques, most people (68%) stated that the most improved methods
they know are the GM methods, followed by in vitro culture techniques (47%). Specifically,
the vitro culture technique is more known by women than men (W: 51% vs. M: 42%).
Only 7.1% are informed about new breeding techniques; we can say that Italian consumers
have heard little about NBTs, and the percentage of respondents is really informative
in that sense. The responses to this question highlight the knowledge gap in the Italian
population. This is strictly related to the other two questions on the differences between
GMOs and NBTs and on the purpose of genetic modification. Concerning the differences
between GMOs and NBTs, 42% stated they know that there are differences between all
the new breeding techniques, but only 15% really know what these differences are. In
contrast, 2.8% claimed to know that differences between these two kinds of techniques exist
(Figure 3a). Regarding the scope of genetic improvement, resistance to pests, diseases, and
herbicides was recognized as the main purpose of genetic modification (48%), especially
by respondents belonging to the age group 55–65. Adaptation to climate change was the
second most selected option (Figure 3b).

I don't know

No, there
are no

differences

Yes, there
are

differences
but i don't
know them

Yes, there
are

differences
and i know

them

a. Do you think there aredifferences between OGMs
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Figure 3. (a,b) Knowledge level of genetic improvement.
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4.1.1. Consumers’ Subjective and Real Knowledge

As the literature points out, consumers’ knowledge affects their attitudes toward GM
food. Consumers’ knowledge of GM techniques is also related to their perceptions of the
aims, risks, and benefits of GMOs. However, the level of knowledge is strictly related to
educational level. Below, we analyze the subjective and real knowledge of the level of
income and education.

Concerning the real knowledge, a question related to the most commonly cultivated
GM seed was posed. Thirty-five percent of respondents thought this was maize, 21% wheat,
while only 19% of respondents correctly selected soya, and 5% selected cotton. These
results emphasize a distortion in consumers’ real knowledge. This suggests that the level
of consumer knowledge is relatively low. Because of this, confidence in GM products
is undermined, and consumers may delay or avoid making decisions because they feel
anxiety or uncertainty about their purchase consequences [14].

The second section of the survey deepens the relationship between genetic editing
and environmental and food sustainability. Participants answered questions on two issues:
whether they feel the GM products are safe to eat and whether they consider AET safe for
the environment (Figure 4). Regarding GM food safety, 34% of respondents responded in
the affirmative. Among them, men were more likely to be confident with them (average—M:
3.3% vs. W: 3%), and most of these respondents hold a doctoral degree.

Figure 4. Food and environmental safety.

A degree of skepticism among Italian people towards genetically modified organisms
has been confirmed [12]. However, when they are interviewed about the possible pur-
poses/benefits of AET for the environment, their opinions improve. Thirty-eight percent of
the sample believe that AETs are fairly or very safe for the environment, while more than
half of the sample (55%) felt that AETs could contribute to environmental sustainability
(Figure 4). Younger generations are more likely to identify the preservation of biodiversity
as a goal. Twenty-seven percent were undecided on the subject. Men recognized the
contribution of AET to sustainability more than women (M: 61% vs. W: 49%). Figure 4
shows that people have similar feelings in terms of food and environmental issues.

Scholars suggest people generally support cisgenic application to reduce pesticide
residues but maintain more negative perspectives on GM foods [35].

4.1.2. Consumer Information Tools

Notably, when asked about the tools used to obtain information on GM products,
35.8% of respondents indicated social media, 33.7% scientific publications, 46.6% press
and television, and 16.1% friends and acquaintances, while 12.3% do not use any kind of
information tool and 1.4% selected “other”. This result highlights how our sample relies
on Press/Television and social media (with a percentage of 84%). This finding reflects the
fact that confidence in scientific publications plays a lesser role in comparison to the other
tools used by our sample. Unsurprisingly, this outcome is confirmed by other empirical

15



Agriculture 2024, 14, 51

work, such as [36], which suggests that the Press and Television can often create confusion
that affects levels of the acceptance of GMOs. On the other hand, social media plays an
intermediate role, more popular among young people [19,20].

4.2. Consumer Behavior

In the survey, we included a question related to product origin. Four in ten Italians
would buy a product from GM crops. Consumers are more confident in products coming
from Western Europe (62%) and North America (50%) than those from African (24%) and
Asian (26%) countries (Figure 5).

Figure 5. Geographical purchasing preferences.

4.3. Descriptive Analysis

Two statistical techniques were selected to analyze qualitative and quantitative vari-
ables extracted from the survey: (i) contingency tables have been used to explore the
relationships between categorical variables (e.g., real knowledge, gender); (ii) a correlation
matrix has been adopted to examine correlations between quantitative variables collected
in the questionnaire (e.g., food security, environmental safety). The data were analyzed
using R software (version 2023.06.1+524), and visualizations (e.g., tables, bar charts) have
also been provided accordingly [37].

4.3.1. Consumer Analysis of Real and Subjective Knowledge

Figure 6 illustrates the conditional distribution of real knowledge for each subjective
knowledge category. It sheds light on how people’s self-assessments align with their
understanding of the most grown GM crops. It is evident that a significant percentage of
respondents (39.6%) confidently identify corn as the most cultivated GM crop, followed
by wheat (27.5%), soy (20.9%), and cotton (8.8%) (see Table A1—Appendix A). Although
many respondents consider themselves knowledgeable about GM crops and believe that
corn is the most cultivated, in fact, the correct response is cotton and soybean.

Figure 7 offers insights into the conditional distribution of subjective knowledge across
different levels of education, revealing how individuals’ self-assessed knowledge varies
based on their level of education. Among individuals with a high school diploma, which is
the most prominent group, representing 54% of the overall sample, a significant proportion
(52.7%) acknowledged a lack of knowledge by responding with “I don’t know”. In contrast,
7.3% confidently asserted “No” to having knowledge about GMOs. Approximately 31%
expressed uncertainty with “Yes, I don’t know”, while 9.1% selected “Yes, I know”. This
pattern indicates that a notable portion of those with a high school diploma tend to admit
uncertainty in their knowledge of GMOs.
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Figure 6. Conditional distribution of real knowledge by subjective knowledge category (proportion).

Figure 7. Conditional distribution of subjective knowledge by level of education (proportion). Note:
bachelor’s degree (BS), high school diploma (HSD), master’s degree (MS), middle school diploma
(MSD), no qualification (NQ), and doctoral degree (PhD).

Figure 8 examines the distribution of real knowledge across different educational
backgrounds. As we can see from Figure 8, the following percentages indicate the respon-
dents who have identified corn as the most cultivated crop: 39% (bachelor’s degree), 30.6%
(high school diploma), 44.9% (master’s degree), 32.7% (middle school diploma), and 66.7%
(no qualification). Individuals with doctoral degrees exhibited a lower percentage, with
25.9%, when identifying corn as the most cultivated crop. Conversely, they reported soy
with 33.3% as the most cultivated GM crop, indicating a relatively greater real knowledge
compared to other educational categories (see Table A2—Appendix A).
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Figure 8. Conditional distribution of real knowledge by level of education (proportion). Note:
bachelor’s degree (BS), high school diploma (HSD), master’s degree (MS), middle school diploma
(MSD), no qualification (NQ), and doctoral degree (PhD).

Figure 9 shows the distribution of real knowledge across individuals based on gender.
Male respondents displayed a higher response rate regarding corn at 38.9%, while female
respondents had a lower percentage at 30.1%. Conversely, women exhibited a higher
response rate regarding soy, with 21.1%, compared to men, who had a slightly lower
percentage at 17.8%. Additionally, women tended to express more uncertainty, with 21.8%
responding “I don’t know”, while men had a slightly lower percentage at 17.8% (see
Table A3—Appendix A).

Figure 9. Conditional distribution of real knowledge by gender (proportion).
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4.3.2. Consumers’ Subjective Knowledge and Environmental Sustainability According to
Income Levels

Figure 10 displays the conditional distribution of subjective knowledge among indi-
viduals with varying income levels. People with incomes between EUR 15,000–30,000 and
between EUR 30,000–50,000 exhibited similar knowledge patterns. However, 50% of those
with incomes below EUR 15,000 expressed uncertainty, responding with “I don’t know”,
indicating a remarkable level of doubt regarding their knowledge of GMOs. Conversely,
individuals with incomes exceeding EUR 50,000 displayed the highest percentage of having
no knowledge of this topic, with 11% (see Table A4—Appendix A).

Figure 10. Conditional distribution of subjective knowledge by level of income (proportion).

Figure 11 illustrates variations in perceptions of the environmental sustainability of
GMOs across diverse income levels. Individuals with incomes ranging from EUR 30,000
to 50,000 exhibited significant support for environmental sustainability, with 62.6% re-
sponding affirmatively with a “Yes”. Furthermore, among those with incomes exceeding
EUR 50,000, a substantial majority of 60% distinctly embraced a positive perspective on
GMO’s environmental sustainability. Within the income bracket of EUR 15,000 to 30,000,
a significant 55.6% of individuals endorsed environmental sustainability, highlighting
substantial support for GMO-related environmental sustainability in this income category.
Lastly, individuals with incomes below EUR 15,000 also demonstrate substantial support,
with approximately 46.9% expressing a favorable view of environmental sustainability (see
Table A5—Appendix A).

4.3.3. Consumers’ Real Knowledge According to Geographical Area

Figure 12 sheds light on how residents in the central, northeastern, northwestern, and
southern areas understand the main GM crop cultivations. Individuals in all surveyed
regions provided a high response rate related to corn, with percentages ranging from 30.1%
to 40%. When looking at soy, the northeastern region stood out with 28.2%. In contrast,
the central and northwestern regions exhibited rates of 20% and 23%, respectively, while
the southern region presented a notably lower response rate on soy with 11.7%. Across all
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geographical regions, responses regarding cotton were relatively modest, ranging from 3%
to 5.8% (see Table A6—Appendix A).

Figure 11. Conditional distribution of environmental sustainability by level of income (proportion).

Figure 12. Conditional distribution of real knowledge distribution by geographical area (proportion).
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4.3.4. Correlation Analysis: Food Security, Environmental Safety, and Consumer Purchase
Propensity for GMOs

Figure 13 displays the level of correlation based on the Pearson correlation coefficient
across key responses provided on the Likert scale: food security, environmental safety,
and consumer purchase propensity for GMOs. The correlation analysis indicates a strong
relationship between the analyzed variables. Firstly, a significant positive correlation of 0.8
was observed between food security and environmental safety responses. This suggests that
as levels of food security perception increase, the perception of GMO environmental safety
increases as well. Secondly, there was a positive correlation of 0.7 between food security
and consumer purchase propensity. It indicates higher levels of food security responses
associated with a greater purchasing intention. Thirdly, a robust positive correlation of
0.8 exists between environmental safety and consumers’ attitudes toward purchasing
GM products. This correlation implies that individuals who consider GM crops or foods
environmentally safe may also be more inclined to purchase GM products.

Figure 13. Heatmap: food security, environmental safety, and consumer purchase propensity for
GMOs. Note: The color intensity represents the value of the data point, with lighter colors indicating
lower values and darker colors indicating higher values.

5. Discussion and Conclusions

This study offers fresh insights into the knowledge of AET, the information tools
employed, and the behavioral intentions of a sample of Italian consumers.

The analysis reveals that only a low percentage of consumers know NBTs; conversely,
most respondents know in vitro culture techniques and GMOs. Only 16% of the sample
stated that there are differences between GMO products and products obtained through
the use of new breeding techniques, and they know what these are.

Additionally, consumers feel more confident if products originated in the most de-
veloped countries (Western Europe and the US). These results align with the research
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conducted by Hwang and Nam [14] in South Korea, which focuses on the influence of con-
sumer knowledge on perceptions and purchase intentions toward GM food. The authors
show that higher levels of education, income, and food involvement affect knowledge level
by producing an overestimated effect.

The education level guides the subjective and real knowledge. Consumers with a high
school diploma recognize a lack of precise knowledge of these techniques. Surprisingly,
what is generally expected does not match the level of education. These results could
be explained by the different information tools used to improve consumers’ knowledge.
Indeed, individuals often prefer non-scientific information tools, such as the Internet
and media, which may contain not only expert sources but also consumers’ feelings and
unsupported claims. Consequently, consumers most exposed to negative feelings or
information are more likely to overestimate their knowledge level. This has also been found
by other researchers in different countries [38,39].

The literature has highlighted that a better understanding of GM foods is associated
with a positive consumer attitude and purchase intention. However, this connection could
be beneficial if the information is tailored and based on scientific approaches. Furthermore,
subjective knowledge is linked to an income level where the low- and high-income cate-
gories seem to guide consumer knowledge. The role of the scientific community is a key
point: researchers, together with other relevant stakeholders (e.g., government agencies,
regulatory authorities, and biotechnology companies), should cooperate in developing
communication strategies and dissemination activities to inform consumers about GM
foods and crops and how the new genetic techniques differ from the traditional ones. The
right communication could play a role in informing people and changing attitudes for a
future consensus and acceptance of GM food products.

This study shows that both real and subjective consumer knowledge is relatively
low, and there is a need to reduce the potential and imbalance gap between these two
knowledge levels. Of course, this result could be reached through consumer education
as part of educational curricula at school in the case of young people and with the right
transparent and understandable communication for the other consumer category.

We are aware of the limitations of the current study, which is mainly based on descrip-
tive analysis. This is a preliminary work that suggests the need for further investigation
using econometric analysis. Our future research will entail: (a) enlarging the sample size
and including other countries (EU and non-EU); (b) customizing the survey by adding
questions on who should legislate AET, labeling, risk perception, and the willingness to
pay for GM food; and (c) reinforcing the scope of some questions already present in the
survey. Finally, we go further to deeply understand and test the real knowledge level and
the intention to purchase.
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Appendix A

Table A1. Conditional distribution of real knowledge for each subjective knowledge category (per-
centage).

Subjective Knowledge

I Don’t Know No Yes, I Don’t Know Yes, I Know Total

R
e

a
l

k
n

o
w

le
d

g
e

corn 25.2 41.2 40.3 39.6 34.4

cotton 3.2 17.7 4.2 8.8 5

I don’t know 37.2 17.7 10.5 3.3 19.9

none 1.8 0 0 0 0.7

soy 16.5 5.9 22.7 20.9 19.5

wheat 16.1 17.7 22.7 27.5 20.6

Total 100 100 100 100 100

Note: Pearson chi-squared test (8) = 28.5365 Pr = 0.000. We used the χ2 test of association to verify whether or
not subjective and real knowledge are independent or associated. The p-value suggests the variables are not
independent; therefore, a strong relationship between these two categorical variables (subjective knowledge and
real knowledge) exists.

Table A2. Conditional distribution of real knowledge for each level of education (percentage).

Level of Education

Bachelor’s
Degree

High
School

Diploma

Master’s
Degree

Middle
School

Diploma

No
Qualification

Doctoral
Degree Total

R
e

a
l

k
n

o
w

le
d

g
e

corn 39 30.6 44.9 32.7 66.7 25.9 34.4

cotton 2.6 5.6 3.1 7.3 33.3 3.7 5

I don’t know 15.6 20.4 18.4 30.9 0 11.1 19.9

none 0 0.7 1 1.8 0 0 0.7

soy 20.8 19.1 20.4 12.7 0 33.3 19.5

wheat 22.1 23.7 12.2 14.5 0 25.9 20.6

Total 100 100 100 100 100 100 100

Note: Pearson chi-squared test (20) = 31.9910 Pr = 0.043. The χ2 test of association suggests that the two categorical
variables (level of education and real knowledge) are not independent.

Table A3. Conditional distribution of real knowledge by gender (percentage).

Gender

Female Male Total

R
e

a
l

k
n

o
w

le
d

g
e

corn 30.1 38.9 34.4

cotton 4.8 5.1 5

I don’t know 21.8 17.8 19.9

none 0.7 0.7 0.7

soy 21.1 17.8 19.5

wheat 21.5 19.6 20.6

Total 100 100 100

Note: Pearson chi-squared test (4) = 5.2681 Pr = 0.261. The χ2 test value shows that real knowledge and gender
are independent.
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Table A4. Conditional distribution of subjective knowledge for each level of income (percentage).

Level of Income (EUR)

<15K >50K 15K–30K 30K–50K Total

S
u

b
je

ct
iv

e
k

n
o

w
le

d
g

e

I don’t know 50 27.3 35.2 35.4 38.7

No 3.1 10.9 2 1 3

Yes, I don’t know 34.7 34.6 46.4 48.5 42.2

Yes, I know 12.5 27.3 16.4 15.2 16.1

Total 100 100 100 100 100

Note: Pearson chi-squared test (9) = 32.4408 Pr = 0.000. The χ2 value claims a strong association between income
level and subjective knowledge.

Table A5. Conditional distribution of environmental sustainability for each level of income (percentage).

Level of Income (EUR)

<15K >50K 15K–30K 30K–50K Total

E
n

v
ir

o
n

m
e

n
ta

l
su

st
a

in
a

b
il

it
y I don’t know 36.3 16.4 23.2 24.2 26.4

No 16.9 23.6 21.2 13.1 18.8

Yes 46.9 60 55.6 62.6 54.8

Total 100 100 100 100 100

Note: Pearson chi-squared test (6) = 15.8169 Pr = 0.015. Even in the case of environmental sustainability and
income level, a relationship is confirmed by the χ2 test.

Table A6. Conditional distribution of real knowledge by geographical area (percentage).

Geographical Area

Center Northeast Northwest South Total

R
e

a
l

k
n

o
w

le
d

g
e

corn 40 30.1 30.9 36.7 34.4

cotton 3 5.8 4.9 5.6 5

I don’t know 22 14.6 21.8 19.9 19.9

none 1 1 0 1 0.7

soy 20 28.2 23 11.7 19.5

wheat 14 20.4 19.4 25 20.6

Total 100 100 100 100 100

Note: Pearson chi-squared test (12) = 20.3211 Pr = 0.061. The χ2 test reveals once again an association between
real knowledge and geographical areas.

Appendix B

Hamburg, 05.01.2023
Knowledge Genetic Improvement

Question No. Survey Question Type

F1

What genetic improvement methods do you know? Please select all the
methods you have heard about.

A: Crossing and selection
B: Induced genetic mutation
C: Assisted selection with molecular markers
D: In vitro culture techniques
E: New breeding techniques (Nbts)
F: GMO
G: None of these (not randomized)

Multiple Choice
(Answers randomized)
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Question No. Survey Question Type

F2

Do you think there are differences between GMO products and products
obtained through the use of New breeding techniques (Nbts)?

A: Yes, there are differences and I know them
B: Yes, there are differences but I don’t know them
C: No, there are no differences
Q: I don’t know

Single Choice

F3

For what purposes is genetic modification carried out? Select, from the
following options, what you think are the purposes of genetic modification.

A: Resistance to pests, diseases, herbicides
B: Adaptation to climate change
C: Reduce food waste/increase food yield by lowering production costs
Q: Reduce fertilizer use
E: Safeguarding biodiversity
F: I don’t know (not randomized)

Multiple Choice
(Answers randomized)

F4

Based on your knowledge, which of these agricultural species is the most
cultivated as GMO seed?

A: Soyabean
B: Corn
C: Wheat
D: Cotton
E: I don’t know (not randomized)
F: None of the above (not randomized)

Single Choice
(Answers randomized)

F5

What information tools do you use to obtain information on GM products?

A: Friends and acquaintances
B: Press and television
C: Social Media
D: Scientific and information publications
E: None of these (not randomized)
Other tools: (Freetext)

Multiple Choice
(Answers randomized)

F6

Do you think GM food products are safe to eat?

A: Not at all safe
B: Not very safe
C: I don’t know
Q: Quite safe
E: Absolutely safe

Likert

F7

In your opinion, could AET contribute to environmental sustainability?

A: Yes
B: No
C: I don’t know

Single Choice

F8

How environmentally safe do you think AETs are?

A: Not at all safe
B: Unsafe
C: I don’t know
Q: Quite safe
E: Absolutely safe

Likert

F9

How likely would you be to buy a product from GM crops?

A: No chance
B: Low probability
C: I don’t know
Q: Some probability
E: High probability

Likert

F10

Some countries grow GM crops/food. Would you buy a food product from
the following countries?

Answer:
A: yes
B: No
C: I don’t know

Items:
A: Africa
B: North America
C: Central and South America
D: Western Europe
E: Eastern Europe
F: Asia

Matrix
(Items randomized)
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Question No. Survey Question Type

F11

What region do you live in?

A: Valle d’Aosta
B: Piedmont
C: Liguria
D: Lombardy
E: Trentino Alto-Adige
F: Veneto
G: Friuli-Venezia Giulia
H: Emilia Romagna
I: Tuscany
J: Umbria
K: Marche
L: Abruzzo
M: Lazio
N: Molise
O: Campania
P: Basilicata
Q: Puglia
R: Calabria
S: Sardinia
T: Sicily

Single Choice

F12

Please indicate the highest degree you have earned (degree you have
actually completed—not the degree you are currently studying for).

A: No qualification (primary school)
B: Secondary school
C: High school diploma
D: Bachelor’s degree
E: Master’s degree
F: Doctorate

Single Choice

F13

What is your gross annual income?

A: Less than 15,000 euros
B: Between 15,000 and 30,000 euros
C: Between 30,000 and 50,000 euros
Q: More than 50,000 euros

Single Choice

Appendix C

Appendix C.1. Data Protection at Appinio

Data protection and the associated protection of privacy are of central importance to
Appinio as a market research company. We are committed to our clients and panelists to
ensure at all times that all data is protected in accordance with the legal requirements of
the GDPR.

For Appinio, data protection and transparency about how data are handled are princi-
ples we follow throughout our product development, also known as Privacy by Design. As
a market research company, we have a special position and responsibility with respect to
data privacy, as we are always in the middle between clients and survey participants.

Below, we list resources that are available to you as an Appinio customer to inform
you about our privacy practices. At the same time, this information will help you to also
act in a privacy-compliant manner and to ensure that your own privacy, as well as that of
the survey participants, is protected at all times.

Appendix C.2. Data Minimisation and Data Retention

Part of our data protection concept is data economy. According to our data retention
policy, we only store the data we really need and only for as long as necessary. Data
that users delete on Appinio will be removed within a maximum of 30 days. The only
exceptions to this are very specific data, such as invoices and log files, which we need to
keep in order to comply with our own legal obligations. For more information, please see
our privacy policy.

To be able to guarantee these standards, we train our employees in the responsible
handling of data in accordance with legal requirements and our internal guidelines. In
addition, we have appointed a Data Protection Officer to oversee DSGVO-compliant data
use at Appinio.
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Our goal is not only to comply with legal requirements and our internal policies. We
want to ensure that when you use Appinio, whether through our platform, in interactions
with our employees, or as an Appinio panelist, you always feel good about your privacy as
well. Therefore, we are committed to protecting your data and privacy.

Appendix C.3. Data Security

Encryption: All sensitive data (this includes all customer data, panelist data, and
survey/response data) are secured via Sha265 encryption. All servers are also SSL secured,
which means all data transfer is encrypted.

Server location: All servers are located in Germany (Frankfurt). Appinio uses the
infrastructure of AWS (Amazon Web Services) to guarantee the highest security standards
and, at the same time, the highest accessibility of the systems. All survey data are stored
here and made available exclusively to you, our customer, via our platform.

Appendix C.4. Data Usage and Documents

The following is information on the specific use of data that Appinio collects and
provides. These data processing operations are also listed in our privacy policy and terms
and conditions. All documents can be accessed in their original form at:

Customer T&Cs (for use of the survey platform) https://research.appinio.com/#/
en/tos (accessed on 4 July 2023) Customer Privacy Policy (for website, platform, webapp)
https://www.appinio.com/en/privacy (accessed on 4 July 2023).

App Panelist T&Cs (accessible via app/play store and Appinio app) https://link.
appinio.com/#/en/tos (accessed on 4 July 2023).

App Panelist Privacy Policy (accessible via app/play store and Appinio app) https:
//link.appinio.com/#/en/privacy (accessed on 4 July 2023).

The app privacy policy lists what happens to our panelists’ data. The Website, Platform,
and Web App Privacy Policy lists how we handle data from our customers and web
app participants.

This information is intended to help understand and be transparent about the ex-
act data processing procedures. Our privacy statements contain all the data processing
provisions our customers need to be DSGVO compliant. In addition, our technical and
organizational measures explain what security measures are in place internally to ensure
data protection.

After delivery of surveys, APPINIO collects the answers given by the end users and
provides them in anonymous, aggregated form, together with anonymous demographic
and statistical data, to the client in the form of an evaluation for market research purposes.

Panelists provide us with this data voluntarily and to a self-determined extent. The
data provided are aggregated and made available anonymously in a statistical evaluation
that does not allow any conclusions to be drawn about individual users.

Appinio GmbH • Handelsregister Amtsgericht Hamburg HRB 133 503 • VAT-No/USt.-
ID-Nr: DE 29 67 45 664

Bankkonto Kto: 100 223 5222 BLZ: 200 505 50 • Geschäftsführer: Jonathan Kurfess, Kai
Granaß, Max Honig, Dr. Tizian Bonus SEPA Bankkonto IBAN: DE24200505501002235222 •
BIC: HASPDEHHXXX
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Abstract: In this study, the transcendental logarithmic cost function model was used to measure
the rate of technological progress in seven major mandarin-producing regions and seven major
tangerine-producing regions in China from 2006 to 2021. The modified gravity model was used to
establish spatial correlation networks. The social network analysis method was used to analyze the
characteristics of the overall network structure and the individual network structure of the spatial cor-
relation networks of citrus-production technology progress, and the quadratic assignment procedure
was used to analyze the factors influencing the spatial network. The results show the production of
Chinese mandarins and tangerines is in the stage of technological progress in general, but the rate
of progress is slowing down gradually, and the rate of mandarin-production technology progress is
higher than that of tangerine-production technology progress. In terms of the overall network struc-
ture characteristics, the spatial networks of technological progress related to Chinese mandarin and
tangerine production are becoming increasingly dense and complex, with obvious spatial spillover
effects, but the network structure is relatively loose, and the polarization of the tangerine network is
more serious. In terms of individual network structure characteristics, the relatively economically
developed eastern regions have a higher status in terms of the spatial correlation network and a
stronger role in controlling and dominating the resource elements needed for citrus-production
technology progress. Education, informatization, economic development, innovation support, and
financial support are important factors influencing the formation of the spatial association network
of citrus-production technology progress in China.

Keywords: citrus; technological progress; spatial correlation network structure; transcendental
logarithmic cost function; social network analysis

1. Introduction

Citrus is one of the most important cash crops in the world and the largest category
of fruits in the world [1]; it is the largest category in China in terms of planted area and
production [2]. China’s citrus industry ranks first in the world, and production accounts
for about one-third of the world’s production [3]. According to the China Rural Statistical
Yearbook, in 2021, China’s citrus planting area was 2.922 million ha and the production
was 55.956 million tons, accounting for 22.82% of China’s fruit planting area and 25.81% of
the production. China’s citrus industry has been developing rapidly, especially in the past
45 years, since the reform and opening up. In China, citrus varieties have been enriched, the
spatial layout of citrus production has been optimized, citrus quality has been improved,
farmers’ enthusiasm for planting is high [4], and the promotion of the healthy development
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of the citrus industry has become one of the most important methods for boosting industrial
prosperity and realizing the revitalization of the countryside [5]. According to the UN
Comtrade Database, China’s citrus export was 917,700 tons in 2021, accounting for only
5.96% of the world’s total citrus exports. So, some scholars say that though China is the
world’s major citrus producer, it is not a powerhouse of citrus production and trade [6,7].
Compared with developed countries, China’s citrus-production efficiency is low [8], and
citrus production per unit area is lower than the world average [2]. According to FAO data,
China’s citrus production per unit area in 2021 was 15.37 t/ha, which is much lower than
Indonesia’s production per unit area, which is the highest in the world, with a production
rate of 38.53 t/ha. China’s citrus industry urgently needs to accelerate the innovation-driven
transformation of the development mode from “extensive” to “intensive” [1] to improve
citrus production per unit area, and the improvement of production per unit area is driven
by technological progress [9]. Under the role of factor flow and market and government
support mechanisms, technological progress among major citrus-producing provinces does
not exist independently but shows a certain spatial correlation [10]. At the same time, in
plant taxonomy, mandarins and tangerines belong to the same family and the same genus
but are different species of woody plants. Mandarins and tangerines are often collectively
referred to as “citrus.” There are differences in the mandarin and tangerine planting areas
in China, and mandarins and tangerines differ in terms of scientific and technological
strength [11]. So, the rates of technological progress [12] and the characteristics of the
spatial network structure are also different. Therefore, what is the level of citrus-production
technology progress in China? What kind of changing trends exist in mandarin- and
tangerine-production technology progress? What are the differences in the technological
advances related to mandarins and tangerines? Are they spatially correlated? What are the
characteristics of the spatial association network structure? What are the factors affecting
the structural formation of citrus spatial association networks? Answering these questions
is of great practical significance for optimizing the allocation of resource factors, promoting
the technological progress in mandarin and tangerine production, improving production
efficiency, and promoting the high-quality development of the citrus industry.

2. Literature Review

Technological progress is the use of a certain amount of input to produce more output,
or, conversely, the use of less input to produce a certain amount of output [13]. Theoretical
research on technological progress began in the early 19th century. In 1957, Solow created
an economic growth accounting model to clarify the contribution of technological progress
to economic growth [14]. Scholars at home and abroad began research on economic
development and technological progress. Arrow put forward the concept of “learning
by doing” and believed that the skills of workers would be continuously improved in
production, which led to technological progress, and tried to endogenize technological
progress for the first time [15]. Based on the neoclassical investment theory, through
the selection of the transcendental logarithmic production function, Christensen et al.
concluded that technological progress is the main reason for productivity change [16].

With the continuous progress in agricultural technology, productivity has greatly
improved, and a large number of scholars have emerged in the field of agricultural techno-
logical progress research. The methods of measuring agricultural technological progress
are mainly divided into two categories: the parametric method and the non-parametric
method. Tan believes that the overall technological progress in agriculture can be divided
into spontaneous technological progress and induced technological progress, and many
scholars have followed suit to conduct separate research on spontaneous technological
progress and induced technological progress [17]. Mao et al. used data envelopment
analysis (DEA) to analyze the total factor productivity of Chinese agriculture in the period
1984–1993 and found it to be the main reason for the change in productivity [18]. Da
Silva et al. measured the technological progress in Brazilian agriculture in 1976–2016 and
analyzed the efficiency of factor input use in different periods [19]. Tan et al. investigated
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the relationship between agricultural technological progress, agricultural insurance, and
factor input use and concluded that both agricultural technology progress and agricultural
insurance have a positive impact on farmers’ income [20]. Chen et al. measured different
types of environmentally friendly technological progress in Chinese agriculture from 2000
to 2010 and analyzed the spatial spillover effect [21].

In the study of citrus-production technology progress, He et al. measured citrus
technical efficiency and technological progress index in 20 cities in Sichuan, China, from
2009 to 2020 and concluded that it was on the low side, which led to low productivity [22].
Gu et al. measured and decomposed the total factor productivity of citrus in China from
2006 to 2020 using the DEA-Malmquist index method and concluded that technological
progress is the main factor affecting the total factor productivity of citrus [2]. Xiang et al.
analyzed the technical efficiency of citrus cultivation, the time series development law,
and the influencing factors from 2007 to 2015 by using the beyond logarithmic production
function and concluded that the overall average technical efficiency of tangerine production
is higher than that of citrus, and there are regional differences in the technical efficiency of
citrus production and cultivation [23].

As spatial analysis methods have improved, many scholars have used social network
analysis to study the spatial correlation network structure and the factors influencing it, i.e.,
agricultural total factor productivity [24], agricultural green total factor productivity [25],
agro-ecological efficiency [26], and green science and technology innovation efficiency [27].
In the study of the spatial correlation network structure of technological progress, Wang
et al. concluded that there are obvious spatial correlation and spillover effects in the
development of agricultural science and technology innovation in China and presented the
shape of the spatial correlation network structure [28]. He et al. concluded that agricultural
location centrality and intermediary centrality have a significant positive moderating effect
on technological progress [29].

After combing through the literature, we found that there are abundant research results
on agricultural technology progress and spatial correlation network structure in academic
circles, which are of great reference value for this study, but there are still the following
deficiencies: first, the existing studies focus on agricultural technological progress and there
is a lack of studies on what kind of change characteristics citrus-production technology
progress presents. Second, existing studies have failed to reveal the structural characteristics
of the spatial correlation between citrus-production technology progress and the factors
affecting the formation of its spatial correlation network structure.

In view of this and taking into account the differences in mandarin and tangerine
cultivation and related technological progress, in this paper, based on the panel data of
factor prices, inputs, and outputs of seven main mandarin-producing areas and seven
main tangerine-producing areas from 2006 to 2021, we adopted the beyond logarithmic
cost function to measure the citrus-production technology progress in China’s main citrus-
producing areas and construct a modified gravity model to determine the spatial correlation
of citrus-production technology progress. Following this, the overall network structure
and individual network characteristics of citrus-production technology progress were
systematically analyzed using social network analysis (SNA), and the factors driving
the spatial correlation of citrus-production technology progress in China were identified
using quadratic assignment procedure (QAP) regression analysis with a view to providing
certain reference and informative value for further exploration of the potential of citrus
production in China and promoting the coordinated sustainable development of China’s
citrus industry.

3. Materials and Methods

3.1. Materials

To measure technological progress in citrus production, one output variable and five
input variables were selected for this paper, taking into account the availability of data [11],
as shown in Table 1. The output variable was the output of the main products per ha of
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citrus. The selected input variables were: labor price, expressed as labor cost per workday;
land price, expressed as the land input cost per ha (including the rent of the transfer land
and the folding rent of the self-camp); fertilizer price, obtained by dividing the fertilizer cost
per ha by the amount of fertilizer per ha (including nitrogen fertilizer, phosphorus fertilizer,
potash fertilizer, and compound fertilizer); and pesticide prices, obtained by dividing the
cost of pesticides per ha by the amount of pesticides per mu. Other direct or indirect costs,
such as the cost of farm fertilizer, drainage and irrigation, fuel and power, and marketing
costs per acre, were used to measure other material and service price inputs, and since
data on the volume of other material and service inputs were not available, the index of
agricultural production materials was used in place of the other material and service prices.

Table 1. Descriptive statistics of input and output variables.

Variable
Observed

Value
Unit

Minimum
Value

Maximum
Value

Average
Value

Standard
Deviation

Output Output of main
products 224 kg 498.56 4633.70 1834.93 690.56

Input

Labor prices 224 CNY/workday 17.46 85.13 43.12 15.38
Land prices 224 CNY/ha 387.50 6642.20 1965.78 69.18

Fertilizer prices 224 CNY/kg 3.04 43.21 5.66 3.06
Pesticide prices 224 CNY/kg 16.37 1441.29 273.51 238.37

Other prices 224 — 100.00 184.97 147.07 22.48

In order to further explore the factors influencing the spatial correlation network
structure of citrus-production technology progress in China, considering that the formation
of this network is related to the mechanisms of factor flow, market drive, and government
support and with reference to previous studies [24,25], this paper selected seven factors
closely related to technological progress as research variables, namely industrial structure
(str), level of informatization (inf), level of education (edu), level of economic development
(eco), strength of innovation support (inn), strength of financial support (fin), and rate of
agricultural disaster (dis), as shown in Table 2. To construct a matrix of regional differences
in industrial structure, the proportion of the value added of the primary industry in
the regional GDP as a proxy variable for industrial structure was used; to construct a
matrix of regional differences in the level of informatization, the number of regional
internet broadband access ports to characterize was used; to construct a matrix of regional
differences in the level of education, the level of education of the rural workforce in each
region was used; to construct a matrix of regional differences in economic development
levels, the GDP per capita was used; to construct a matrix of regional differences in
innovation support, the proportion of the total fiscal expenditures each region spends on
science and technology as a proxy for innovation support was used; to construct a matrix of
regional differences in fiscal support, the proportion of expenditure on agriculture, forestry,
and water affairs in the total fiscal expenditure in each region as a proxy variable for
financial support was used; and to construct a matrix of regional differences in the rate of
agricultural disasters, the proportion of the agricultural disaster area in the affected area in
each region was used.

Considering the differences in technological progress in mandarin and tangerine
production and the availability of data, we divided citrus into two categories (mandarin and
tangerine) in the measurement of technological progress. We selected the panel data of the
seven major mandarin-producing areas, i.e., Guangdong, Guangxi, Jiangxi, Hubei, Hunan,
Fujian, and Chongqing, and the seven major tangerine-producing areas, i.e., Guangdong,
Jiangxi, Zhejiang, Hubei, Hunan, Fujian, and Chongqing, from 2006 to 2021. In 2021, the
citrus production of these areas accounted for 84.02% of China’s citrus production, making
the data highly representative. The data were obtained from the database of the National
Bureau of Statistics, the China Population and Employment Statistical Yearbook, and the
National Compilation of Cost and Benefit Information of Agricultural Products. Some of
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the missing data were obtained by consulting the statistical yearbooks of the region for the
relevant years and using the moving average method. In order to ensure data consistency
and comparability, each value variable was deflated using the corresponding price index,
with 2006 as the base period.

Table 2. Influencing factors and variables of spatial correlation network of citrus-production
technology progress.

Influencing Factors Variable Code Calculation Methods and Explanations Data Sources

Industrial structure str Value added of primary sector/GDP Database of the National Bureau of
Statistics

Informatization level inf Number of internet broadband access ports Database of the National Bureau of
Statistics

Education level edu Educational level of the rural labor force China Population and Employment
Statistical Yearbook

Economic development level eco GDP per capita Database of the National Bureau of
Statistics

Innovation support inn Science and technology expenditure/
Total fiscal expenditure

Database of the National Bureau of
Statistics

Financial support fin Expenditure on agriculture, forestry, and
water affairs/Total fiscal expenditure

Database of the National Bureau of
Statistics

Agricultural disaster rate dis Area damaged/Area affected Database of the National Bureau of
Statistics

3.2. Methods
3.2.1. Transcendental Logarithmic Cost Function

In 1973, the transcendental logarithmic cost function was first proposed by
L. Christensen et al. [30] and compared with the commonly used DEA method, the Malmquist
index method, and the traditional C-D function. Its functional form is in line with the setting
of economic theory, and it allows for the use of dummy and proxy variables according to
theoretical and real needs so as to enable accurate economic explanations [31]. So, in this
paper, we selected the beyond logarithmic cost function model to measure the technological
progress in Chinese citrus production. In general, for the second-order Taylor expansion of the
transcendental logarithmic cost function, we do not need to set up a special functional form
or define the substitution relationship between elements. However, the method also has two
drawbacks: first, the time-varying nature of the estimated coefficients cannot be observed, and
second, the correlation between some variables cannot be well verified [9]. Therefore, in this
paper, the third-order Taylor expansion of the transcendental logarithmic cost function was
chosen in the following form:

ln Ct = α0 +
k
∑

m=1
αm ln Pmt + αy ln Yt + αTT + 1

2

k
∑

m=1

k
∑

n=1
αmn ln Pmt ln Pnt

+
k
∑

m=1
αmy ln Pmt ln Ymt +

k
∑

m=1
αmTT ln Pmt +

1
2 αyy(ln Yt)

2 + αyTT ln Yt

+ 1
2 αyyT(ln Y)2 + 1

2 αTTT2 + 1
2

k
∑

m=1

k
∑

n=1
αmnT ln Pmt ln Pnt +

k
∑

m=1
αmyTT ln Yt ln Pmt

(1)

In Equation (1), Ct denotes the total cost of production at time t; Pmt denotes the price
of factor m at time t; m = 1, 2,..., k denotes the number of factors; Pnt denotes the price of
a factor of production except factor m at time t; n = 1, 2,..., k − 1 denotes the number of
factors; Yt denotes the level of output at time t; and T denotes the time trend. Because there
are too many independent variables in Equation (1), if direct estimation is carried out, the
problem of covariance will arise. Therefore, instead of the cost function being estimated
directly, the Shephard lemma is usually used to bias the prices of the factors of production
to construct the cost share equation in the following form:

Smt = αm +
k

∑
m=1

αmn ln Pnt +
k

∑
n=1

αmnTT ln Pnt + αmy ln Yt+αnyTT ln Y + αmTT (2)
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The transcendental logarithmic cost function is quadratically differentiable with re-
spect to the logarithm of input prices, and the Hessian matrix of this function is symmetric.
So, the restrictions are as follows:

αmn = αnm, αmnT = αnmT , ∀m �= n (3)

k

∑
m=1

αm = 1,
k

∑
m=1

αmn =
k

∑
m=1

αmy =
k

∑
m=1

αmT = 0,
k

∑
m=1

αmnT =
k

∑
n=1

αmnT =
k

∑
m=1

αmyT = 0 (4)

For a known output, progress in production technology is accompanied by a reduc-
tion in factor inputs at constant factor prices or a reduction in factor prices at the same
factor inputs, all of which lead to a continuous decline in production costs as technology
progresses. In this way, the total rate of technological progress (TP) can be obtained by
using the total cost of production taken logarithmically and derived for time. If TP > 0,
then there is technological progress, and if TP < 0, then there is technological regression.
The formula is as follows:

TP = −∂ ln C/∂T

= −αT − k
∑

m=1
αmT ln Pmn − αyT ln Yt − 1

2 αyyT(ln Y)2 − αTTT

− 1
2

k
∑

m=1

k
∑

n=1
αmnT ln Pmt ln Pnt −

k
∑

m=1
αmyT ln Yt ln Pmt

(5)

3.2.2. Modified Gravity Model

The analysis of spatial correlation networks first needs to establish a spatial correlation
network matrix, and existing research has mainly adopted two methods to construct a
spatial correlation network matrix, namely the VAR model and the gravitational model.
Because the VAR model cannot portray the trend of change in the spatial correlation
network and is too sensitive to the selection of a lagging order, it will reduce the accuracy
of the network structure characterization to a certain extent [32], while the gravitational
model is constructed based on the principle of distance decay and the law of gravity, which
can combine technological progress and geographical distance to better characterize spatial
correlation [27]. Therefore, in this paper, referring to the study of Wang et al. [33], we
introduced a modified gravitational model to measure the gravitational strength of the
spatial correlation of citrus-production technology progress in the major citrus-producing
areas in China and constructed a spatial correlation matrix with the following formula:

S = K
TPi · TPj

ω2
ij/(gi − gj)

2 , K =
TPi

TPi + TPj
(6)

In Equation (6), S is the strength of the correlation of citrus-production technology
progress between the main citrus-producing areas i and j; TPi and TPj denote the rate of
citrus-production technology progress in provinces i and j, respectively; K denotes the
contribution of main production area i to S; ωij is the spherical distance between the two
main production areas; and gi and gj are the values of the real per capita GDP of the two
main production areas, respectively.

By modifying the gravity model to measure the correlation strength of mandarin- and
tangerine-production technology progress in each citrus-producing region, a 7 × 7 correlation
strength matrix was constructed, and the average value of each row of the matrix was taken
as the threshold. If the correlation strength was greater than the threshold, it was recorded
as 1, indicating that there is a spatial spillover of citrus-production technology progress from
the main production region in that row to the main production region in that column. If the
correlation strength was less than the threshold, it was recorded as 0, indicating that there is
no spatial spillover of citrus-production technology progress from the main production region
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in that row to the main production region in that column, and a final 7 × 7 oriented spatial
correlation 0–1 type asymmetric matrix was formed.

3.2.3. Social Network Analysis

Social network analysis (SNA) is an important research paradigm that uses graph theoretic
tools and algebraic modeling techniques to explore the relationship between members in a
network structure and has been widely used in many fields, such as sociology, economics, and
management [34,35]. The social network analysis method usually involves research on the
overall network association structure and the individual network structure characteristics.

(1) Overall network correlation structure analysis: In this paper, we used four indicators,
namely network density, network correlation degree, network level, and network
efficiency, as follows:

Network density is measured according to the ratio of the number of real connections
in the network to the theoretical maximum number of connections that can be carried
in the network, which reflects the closeness of the spatial association network of citrus-
production technology progress: the greater the density of the network, the closer the
connection between mandarin- and tangerine-production technology progress in each main
production area, and the greater the impact of the network on technological progress in
citrus production in each main citrus-producing area. The value of network density is
between 0 and 1. The specific measurement is shown in Equation (7), where Dn is the
network density, n is the number of connections that actually exist, and N is the number of
network nodes. So, the maximum number of carrying connections in the directed network
graph is N(N − 1).

Dn = n/[N × (N − 1)] (7)

The network correlation degree is an indicator of the robustness and vulnerability of a
network structure. If there is a correlation between any two citrus-producing regions in the
correlation network, this network structure is robust. When many lines are connected to
only one or two citrus-producing regions, then the dependence of the citrus-production
technology progress association network on that region is high, and once that region
is excluded, the network may collapse, and its network relevance is low. The value of
network relevance is between 0 and 1. Measured as shown in Equation (8), R is the network
relevance and Z is the number of unreachable nodes in the network.

R = 1 − Z[N(N − 1)/2] (8)

The network level reflects the hierarchical structure of each citrus-producing region in
the association network, and there is a degree of two-by-two asymmetric arrival between
each production region in the network. The value of network level is between 0 and 1.
Measured as shown in Equation (9), H is the network level degree, V is the number of
pairs of symmetric reachable points in the network, and max(V) is the number of pairs of
symmetric reachable points that can be carried by the theoretically existing network.

H = 1 − V/max(V) (9)

Network efficiency reflects the degree of existence of redundant correlations between
main production areas in the spatial correlation network of citrus-production technology
progress. A lower network efficiency indicates that citrus-production technology progress
has more spatial spillover channels and that the correlations between citrus-production
technology progress in the main production areas are closer and the spatial correlation
network is more stable. The value of network efficiency is between 0 and 1. Measured as
shown in Equation (10), E is the network efficiency, M is the number of redundant links in
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the network, and max(M) is the maximum number of redundant links that can be carried
by the theoretically existing network.

E = 1 − M/max(M) (10)

(2) Individual network structure characterization: This paper adopted three indicators,
namely point degree centrality, proximity centrality, and intermediary centrality, to
conduct centrality analysis and reveal the role of each citrus-producing region in the
network, as follows:

Point degree centrality reflects the degree to which a certain main production area is
in the center of the association network structure. The larger the point degree centrality is,
the more the main production area is connected with other main production areas in the
association network, and the more prominent the center position of the main production
area is in the association network. Measured as shown in Equation (11), C is the point degree
centrality, q is the number of regions directly associated with a certain main production area
in the association network, and Q is the maximum number of directly associated regions
that the main production area can carry.

C = q/(Q − 1) (11)

Proximity centrality reflects the ability of citrus-producing regions to be free from the
control of other production regions in the correlation network, which is the sum of the
shortcut distances between a citrus-producing region and other production regions in the
network. The larger the proximity centrality is, the more direct the spatial correlations
between the production region and other production regions are, and the easier it is for the
region to play the role of a “central actor” in the correlation network. Measured as shown
in Equation (12), dij is the shortcut distance between the main production area i and main
production area j.

C−1
APi =

n

∑
j=1

dij (12)

Intermediary centrality reflects the “bridge” and “intermediary” role of each citrus-
producing region in the correlation network. The larger the degree of intermediary cen-
trality, the greater the bridge and intermediary role of the citrus-producing region in the
correlation network. Assuming that the number of shortcuts between the main citrus-
producing areas a and b in the association network is Lab, the number of shortcuts of the
third main production area i between the main production areas a and b is Lab(i), and the
probability that the main production area i exists between the main production areas a and
b is Pab(i) = (Lab(i))⁄Lab. The intermediary centrality measure is given in Equation (13).

Cabi =
N

∑
a

N

∑
b

Pab(i), (a �= b �= i) (13)

(3) Quadratic assignment procedure (QAP) model: The QAP model is a non-parametric
method to explore the relationship between matrices by comparing different matrix data
with permutation [34], which usually includes two stages: QAP correlation analysis and
QAP regression analysis. This method does not need to assume that the explanatory
variables are independent of each other, which can effectively solve the endogeneity
problem of relational data, and the regression results are more stable [36]. QAP correla-
tion analysis compares the correlation between two matrices by looking at the matrices
as long vectors containing n(n − 1) numbers and then similarly comparing the correla-
tions between the two variables and calculating the correlation coefficients of the two
vectors [37,38]. QAP regression analysis is the study of regression relationships between
multiple matrices and one matrix by performing a regular regression analysis on the
long vector elements corresponding to the independent and dependent variable matrices

37



Agriculture 2023, 13, 2118

and then performing a regression on the rows and columns of the dependent variable.
The variables are replaced, the regression is repeated, all coefficient values are saved,
and the value of R2 is determined [37]. The QAP model is constructed as follows:

TPM = f (str, inf, edu, eco, inn, f in, dis) (14)

In Equation (14), TPM is the spatial correlation matrix of citrus-production technology
progress, and the independent variables are the regional difference matrix of industrial
structure (str), the regional difference matrix of informatization level (inf ), the regional
difference matrix of education level (edu), the regional difference matrix of economic
development level (eco), the regional difference matrix of innovation support (inn), the
regional difference matrix of financial support (fin), and the regional difference matrix of
agricultural disaster rate (dis).

4. Characterization of Changes in Citrus Production Technology Progress

Using stata16 (StataCorp LLC, College Station, TX, USA), based on citrus input and
output variables, the technological progress in mandarin and tangerine production in China
from 2006 to 2021 was obtained through the transcendental logarithmic cost function, as
shown in Figure 1.
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Figure 1. Changes in TP in China’s mandarin and tangerine production from 2006 to 2021.

As can be seen from Figure 1, the rate of technological progress in mandarin and tan-
gerine production in China was positive from 2006 to 2021, indicating that the production
of mandarins and tangerines in China, in general, has been in the stage of technological
progress. In terms of the overall level of technological progress, the rate of technological
progress in mandarin production has been higher than that in tangerine production since
2011, and the gap was the largest in 2015, with the rate of technological progress in man-
darin production being 7.5% higher than that in tangerine production. From the trend of
change, the technological progress rate of mandarin and tangerine production fluctuated
within the range of 6–12% from 2006 to 2011. The technological progress rate of mandarin
production remained stable from 2006 to 2011 and fluctuated from 2011 to 2021, while the
technological progress rate of tangerine production showed a fluctuating and decreasing
trend and decreased to a minimum of 1.05% in 2021, which may be because tangerine-
production technology was internalized and the new technological breakthroughs were
difficult [2].

The rate of technological progress in each main mandarin- and tangerine-producing
area is shown in Table 3. Regarding the technological progress in mandarin production, the
average technological progress rate of Guangdong was the highest, being 11.79% higher
than that of Hunan, which was the lowest. The technological progress rate of Fujian
tangerine production had the largest increase, which was 9.92% in 2021 compared to 2006.
The rate of technological progress in the five main mandarin-producing regions of Guangxi,
Chongqing, Hubei, Jiangxi, and Hunan showed a fluctuating downward trend, with the
rate of technological progress slowing down. Regarding the technological progress in
tangerine production, the average technological progress rate of Hunan was the highest,
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11.56% higher than that of Hubei, which was the lowest. Only the technological progress
rate of Chongqing showed a rising trend, and the technological progress in the other six
main tangerine-producing areas showed different degrees of slowdown, among which, the
technological progress rate of Hunan decreased the most, by 21.29%. In summary, it can
be seen that, first, the mandarin- and tangerine-production technology progress in both
Guangdong and Fujian is at a medium-high level because Fujian and Guangdong have
sufficient precipitation, heat, and light and, at the same time, the government has enough
financial resources to carry out technological research, development, and diffusion [39].
Second, there are some regional differences in the technological progress in the main
production areas of mandarins and tangerines, and the mandarin- and tangerine-production
technology progress levels vary in the same area, which may be related to the levels of
scientific research in the main production areas of mandarins and tangerines [11]. Third,
except for a few years when some of the main production areas may have had negative
values for the technological progress rate due to climate and pests and diseases, the rate of
citrus-production technology progress in most of the years is still positive, which indicates
that all the main production areas are in the stage of technological progress.

Table 3. TP for the major mandarin- and tangerine-producing areas in China from 2006 to 2021.

Classification Areas 2006 2009 2012 2015 2018 2021
Average

Value

Mandarin

Guangdong 12.57% 14.76% 12.77% 16.75% 15.26% 21.96% 15.99%
Fujian 3.62% 6.85% 10.58% 20.52% 17.06% 13.54% 12.66%

Guangxi 10.80% 8.62% 7.88% 15.51% 11.84% 8.45% 10.69%
Chongqing 12.59% 8.50% 7.36% 10.10% 10.57% 6.76% 9.55%

Hubei 18.72% 8.97% 6.64% 4.87% 6.48% 8.98% 8.15%
Jiangxi 17.08% 3.97% 2.17% 2.85% 3.09% 3.39% 6.46%
Hunan 10.33% 3.57% 1.64% 6.26% 3.03% 3.82% 4.20%

Tangerine

Hunan 29.61% 20.98% 16.79% 6.78% 14.18% 8.32% 15.22%
Zhejiang 13.35% 14.60% 4.84% 8.62% 4.31% 6.51% 9.90%

Guangdong 10.42% 8.06% 4.45% 7.28% 11.21% 6.57% 9.05%
Jiangxi 14.77% 9.09% 5.14% 12.94% 6.99% 5.56% 8.59%
Fujian 6.59% 5.13% 3.16% 8.09% 5.52% 0.61% 6.18%

Chongqing 3.34% 1.68% 0.97% 3.79% 6.80% 7.42% 4.25%
Hubei 6.61% 6.72% 5.38% 4.00% −0.28% 0.49% 3.66%

Note: Due to space constraints, results for other years are not reported and are available from the authors
upon request.

5. Characterization of the Spatial Correlation Network Structure

In order to visualize the structural shape and evolution of the spatial correlation
network of citrus-production technology progress in China, this paper maps the structure
of the spatial correlation networks of mandarins and tangerines in 2006 and 2021 by using
Ucinet6.212 (University of California, Irvine, CA, USA) and ArcGIS10.2.2 (Environmental
Systems Research Institute, Redlands, CA, USA) (Figures 2 and 3).

As can be seen from Figures 2 and 3, the citrus-production spatial correlation net-
work of technological progress in China presents the structural characteristics of multi-
relationships and multi-directions, and the network correlations are increasingly strength-
ened. From the structure of the spatial correlation network of mandarin-producing areas, it
can be seen that in 2006, Guangdong and Jiangxi had the highest number of correlations
and were at the core of the spatial correlation network, forming a dual-core structure,
while other mandarin-producing areas also had more correlations and were at the sub-core
position. In 2021, the closeness of the technological progress correlation among the main
citrus-producing areas was enhanced and the position of Hubei and Fujian in the spatial
correlation network was significantly improved, with Guangdong, Hubei, and Fujian occu-
pying the core positions. At the same time, the association links of other main production
areas also increased significantly.
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(a) 2006 (b) 2021 

Figure 2. Spatial correlation network of the TP in China’s mandarin production.

  
(a) 2006 (b) 2021 

Figure 3. Spatial correlation network of the TP in China’s tangerine production.

From the structure of the tangerine spatial correlation network, it can be seen that
in 2006, Zhejiang, Hunan, and Guangdong had the highest number of correlations and
were at the core of the spatial correlation network, forming a triple-core structure, and the
other tangerine-producing regions were in the sub-core positions. In 2021, the positions of
Jiangxi and Fujian in the spatial correlation network gradually improved, because of which
the spatial correlation network of the tangerine-production technology progress presents a
multi-core structure characteristic. The main reason is that with the implementation of the
strategy of agricultural power and regional coordinated development, under the dual roles
of market mechanism and government macro-control, the mobility of inter-regional citrus-
production factors has been enhanced, mutual exchanges and cooperation among main
citrus-producing areas have been strengthened, the frequency of interaction has increased,
the spatial interaction of citrus-production technology progress has been strengthened, and
the stability of the spatial network has improved.

5.1. Characteristics of the Overall Network Structure

In order to grasp the overall structure of the spatial correlation network of China’s
mandarin- and tangerine-production technology progress in more depth, Ucinet6.212
(University of California, Irvine, CA, USA) was used to examine and analyze the overall
network structure in four aspects, namely network density, network correlation degree,
network level, and network efficiency, and the results are shown in Figures 4 and 5.
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Figure 4. Overall network structure characteristics of the TP in China’s mandarin production from
2006 to 2021.

0

0.2

0.4

0.6

0.8

1

1.2

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Network Correlation Degree Network Level

Network Density Network Efficiency

Figure 5. Overall network structure characteristics of the TP in China’s tangerine production from
2006 to 2021.

First, with regard to network density, the spatial network density of mandarin-
production technology progress showed a fluctuating upward trend, and the spatial net-
work density of citrus-production technology progress reached the maximum value of
0.4286 in 2021. The spatial association network density of tangerine-production technology
progress reached the maximum value of 0.4762 in 2016 and then gradually declined. How-
ever, the overall mandarin and tangerine network densities were not large, indicating that
at present, the degree of closeness of the spatial correlation relationship of citrus-production
technology progress in China is not high, the network structure is relatively loose, and
the spatial cooperation and interaction of technological progress need to be strengthened.
Second, regarding the network correlation degree, the network correlation degree of both
mandarins and tangerines was 1, which indicates that the network correlation structure of
technological progress related to mandarin and tangerine production in China has good
connectivity and robustness, all the main production areas of mandarins and tangerines
are in the spatial association network of citrus-production technology progress, there is
no isolated main production area detached from the network, and the spatial spillover
effect of the network is obvious. Third, regarding the network level, except for 2016, when
the network level of tangerines was 0, the spatial network level of technological progress
related to both mandarin and tangerine production in other years was not 0. Therefore,
the spatial association network of technological progress related to both mandarin and
tangerine production needs to be further optimized. In contrast, the spatial network rank
of technological progress related to mandarin production was lower than that related to
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tangerine production, indicating that the gradient characteristics of the spatial network
of technological progress related to tangerine production is stronger than that related to
mandarin production, and the spatial network of technological progress related to tan-
gerine production is more polarized, with more main tangerine-producing areas at the
edge of the network. Fourth, regarding network efficiency, the spatial network efficiency of
technological progress in relation to both mandarin and tangerine production showed a
decreasing trend, indicating that there is an increase in the number of connecting lines in
the technological progress correlation network, an increase in the stability of the network,
and the existence of multiple superimposed spillover channels.

Overall, through the overall network structure characterization, there are significant
spatial correlation and spillover paths in the spatial association network of technological
progress related to Chinese citrus production, the phenomenon of synergistic development
is obvious, and a more stable spatial association network of technological progress has been
formed; however, the network structure is relatively loose and there are strong gradient
characteristics. Thus, improving the tightness of the network and decreasing the degree
of the network level are the key points for promoting technological progress in citrus
production in China.

5.2. Characteristics of the Individual Network Structure

In order to examine the position and role of each main citrus-producing area in the
spatial correlation network of technological progress in a more detailed way and to grasp
the characteristics of its individual network structure, this paper measured the centrality of
the main mandarin- and tangerine-producing areas, and the results are shown in Table 4.

Table 4. Network centrality of China’s mandarin- and tangerine-production technology progress
in 2021.

Classification Areas

Point Degree Centrality
Proximity
Centrality

Intermediary
CentralityDegree of

Point-Out
Degree of

Point-Entry
Degree of
Centrality

Mandarin

Guangdong 2 5 83.333 85.714 25.556
Guangxi 1 2 33.333 60 1.333
Jiangxi 3 2 50 66.667 1.333
Hubei 4 2 66.667 75 3.556
Hunan 3 3 50 66.667 1.333
Fujian 3 4 83.333 85.714 25.556

Chongqing 2 0 33.333 60 1.333

Tangerine

Guangdong 2 2 50 60 8.889
Jiangxi 2 2 50 66.667 7.778

Zhejiang 1 5 83.333 85.714 48.889
Hubei 1 0 16.667 50 0
Hunan 1 3 50 66.667 7.778
Fujian 3 0 50 66.667 2.222

Chongqing 2 0 33.333 60 4.444

In terms of the point degree centrality, in the spatial correlation network of techno-
logical progress in Chinese-mandarin-producing areas, the point degree centrality rank-
ings in decreasing order were Guangdong, Fujian, Hubei, Jiangxi, Hunan, Guangxi, and
Chongqing, among which Guangdong and Fujian ranked first, which indicates that these
two main production areas are in the “core position” of the spatial correlation network
of technological progress in mandarin-producing areas and play an important role in the
network. The rankings of the point-out degree in decreasing order were Hubei, Jiangxi,
Hunan, Fujian, Guangdong, Chongqing, and Guangxi, indicating that the technological
progress related to mandarin production in Hubei has a greater influence on other main
mandarin-producing regions. The rankings of the point-entry degree in decreasing order
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were Guangdong, Fujian, Hunan, Guangxi, Jiangxi, Hubei, and Fujian, indicating that the
technological progress in Guangdong mandarin production is more influenced by other
main mandarin-producing areas, among which the point-entry degree of Chongqing was 0,
which indicates that Chongqing belongs to the technological spillover main production
areas in the spatial correlation network of technological progress in China’s mandarin
production and is influenced to a limited extent in the overall network. In terms of the
spatial correlation network of the technological progress in the major Chinese mandarin-
producing areas, the rankings for the point degree of centrality in decreasing order were
Zhejiang, Guangdong, Jiangxi, Hunan, Fujian, Chongqing, and Hubei, of which Zhejiang
ranked first, indicating that it has the highest correlation relationship with other major
mandarin-producing areas and is in the “core position” of the spatial correlation network of
technological progress in major mandarin-producing areas. The rankings of the point-out
degree in decreasing order were Fujian, Guangdong, Jiangxi, Chongqing, Zhejiang, Hubei,
and Hunan, indicating that the technological progress in Fujian tangerine production has a
greater influence on other tangerine-producing regions. The rankings of the point-entry
degree in decreasing order were Zhejiang, Hunan, Guangdong, Jiangxi, Hubei, Fujian, and
Chongqing, indicating that the technological progress in Zhejiang tangerine production
is greatly influenced by other tangerine-producing regions, and the point-entry degree of
Hubei, Fujian, and Chongqing was 0, which indicates that these three tangerine-producing
regions belong to the technological spillover type of the spatial correlation network of the
technological progress in tangerine production, and the degree of their influence in the
overall network is limited.

In terms of proximity centrality, the average value of proximity centrality in the
spatial correlation network of the technological advancement of major mandarin-producing
regions in China was 71.39, and there were two major mandarin-producing regions for
which the values of proximity centrality were higher than this average value, namely
Guangdong and Fujian, which indicates that Guangdong and Fujian can more quickly
generate intrinsic connections with other major production regions in the spatial correlation
network of technological advancement of major mandarin-producing regions. In other
words, Guangdong and Fujian play the role of central actors in the network. In the spatial
correlation network of technological progress in Chinese-tangerine-producing regions, the
average value of the proximity centrality of tangerine-producing regions was 65.10, and
there were four tangerine-producing regions that had higher proximity centrality than
this average value, namely Zhejiang, Jiangxi, Hunan, and Fujian, indicating that these
four regions are able to connect with other tangerine-producing regions more quickly
in the spatial correlation network of technological progress and they play the role of a
central actor.

In terms of intermediary centrality, the average value of intermediary centrality in the
spatial correlation network of technological advancement of major mandarin-producing
regions in China was 8.57, and the major mandarin-producing regions with intermedi-
ary centrality values higher than this average value were Guangdong and Fujian, which
indicates that Guangdong and Fujian have a stronger ability to control the technological
exchange among other major mandarin-producing regions in the spatial correlation net-
work of technological advancement, are at the core of the network, and play the role of
intermediary and bridge. In the spatial correlation network of technological progress in
major tangerine-producing areas in China, the average value of the intermediary centrality
of major tangerine-producing areas was 11.43, and the major tangerine-producing area
with a higher average intermediary centrality value was Zhejiang, which indicates that
Zhejiang has a stronger ability to control technological exchanges among other major
tangerine-producing areas in the spatial correlation network of technological progress in
these areas, is at the core of the network, and plays the role of intermediary and bridge. The
degree of intermediary centrality of Guangdong, Fujian and Zhejiang was much higher
than that of other mandarin-producing regions because these three production regions
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belong to the eastern developed region, which has a strong driving ability and plays a
controlling and dominating role over other production regions.

Taken together, the analysis results of point centrality, proximity centrality, and me-
diation centrality are similar. The spatial network structure of China’s citrus-production
technology progress shows an obvious Matthew effect, with the relatively economically
developed eastern provinces of Guangdong, Fujian, and Zhejiang having a higher status
in the spatial network and a stronger dominant role in controlling the resource elements
needed for progress in citrus-production technology. However, Chongqing, in the western
part of the country, is in a passive position in citrus-production technology exchanges
and cooperation.

6. Analysis of Factors Influencing the Spatial Correlation Network

6.1. QAP Correlation Analysis

Clarifying the factors influencing the spatial correlation network of citrus-production
technology progress in China and its functioning mechanism is an important foundation
for optimizing and regulating the structure of the correlation network of regional citrus-
production technology progress. Therefore, the spatial correlation matrices of mandarin
and tangerine production were combined, and correlation analysis was carried out using
the quadratic assignment procedure (QAP) model based on the influencing factors selected
above. As shown in Table 3, differences in education levels and economic development
levels passed the 1% significant level test, differences in innovation support passed the
5% significant level test, and differences in informatization levels and financial support
passed the 10% significant level test, indicating that these five factors significantly affect
the formation of the spatial correlation network structure of citrus-production technology
progress in China. Among them, the correlation coefficient of differences in education levels
was negative, indicating that similar education levels are an important factor in generating
spatial association and spatial spillover of citrus-production technology progress. The
correlation coefficients of four variables, namely differences in informatization levels, differ-
ences in economic development levels, differences in innovation support, and differences in
financial support, were positive, indicating that regional differences in these four variables
are conducive to the formation of the spatial correlation network of citrus-production
technology progress. The correlation coefficients of differences in industrial structure and
differences in agricultural disaster rates were positive, but their significance levels were
higher than 10%, indicating that their effects on the spatial correlation of citrus-production
technology progress in China are not significant.

6.2. QAP Regression Analysis

In order to avoid multicollinearity between independent variables causing bias in the
regression results, this paper set the number of random permutations to times to conduct
QAP regression analysis on the model of factors influencing the spatial correlation of the
technological progress in citrus production in China.

As can be seen from Table 5, Adj R2 = 0.983, indicating that seven factors (i.e., indus-
trial structure differences, informatization level differences, education level differences,
economic development level differences, innovation support differences, financial support
differences, and agricultural disaster rate differences) can explain approximately 98.3% of
the spatial correlation effect of citrus-production technology progress in China. Among
them, the regression coefficient of the differences in education levels was significantly
negative at the 1% level, indicating that the differences in rural education levels signifi-
cantly hinder the formation of the spatial correlation of citrus technological advancement
in China. This is mainly because similar rural education levels mean that growers in these
main production areas have similar abilities to learn the technology, which can help in the
mutual exchange of citrus-production technology between the main production areas and
thus promote the formation of the spatial correlation of technological advancement. The
differences in informatization levels, economic development levels, innovation support,
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and financial support were significantly positive, at 10%, 1%, 5%, and 10%, respectively,
indicating that the spatial correlation of technological advancement is more likely to occur
among citrus-producing regions with higher differences in informatization levels, economic
development levels, innovation support, and financial support. The higher the level of
informatization and economic development, coupled with an increase in government sup-
port for innovation and finance, the greater the potential and opportunity for technological
innovation in the main citrus-producing areas and the stronger the attraction of talent and
capital to the main production areas that are lagging behind in development, making it
easier for the resource elements needed for technological progress to flow across regions
between the main production areas, thus facilitating the formation of spatial correlation
relationships. The regression coefficients of the differences in industrial structure and the
differences in the rates of agricultural disasters were positive but not significant (p > 0.1),
indicating that the regional differences in industrial structure cannot significantly affect the
spatial correlation of citrus-production technology progress, the impact of meteorological
disasters on the technological progress in citrus production is limited, and Huanglong
disease is usually the main reason affecting the production of citrus [40].

Table 5. Factors driving the spatial correlation network of citrus-production technology progress
in China.

Influencing Factors

QAP Correlation Analysis QAP Regression Analysis

Correlation
Coefficient

p-Value of
Significance

Coefficient of
Regression

p-Value of
Significance

Industrial structure 0.239 0.184 0.365 0.179
Informatization level 0.467 * 0.085 0.614 * 0.078

Educational level −0.460 *** 0.002 −0.877 *** 0.004
Economic development 0.932 *** 0.000 2.012 *** 0.001

Innovation support 0.612 ** 0.019 1.137 ** 0.024
Financial support 0.386 * 0.082 0.865 * 0.081

Agricultural disaster rate 0.127 0.333 0.321 0.323

Note: R2 = 0.989; Adj R2 = 0.983; “*”, “**”, and “***” indicate statistical significance at the 10%, 5%, and
1% levels, respectively.

7. Conclusions and Policy Implications

7.1. Conclusions

Based on the cost–benefit data of China’s main mandarin- and tangerine-producing
areas from 2006 to 2021, this paper measured the rate of technological progress in China’s
mandarin and tangerine production using the transcendental logarithmic cost function
model and analyzed its changing characteristics. The paper constructed a modified gravity
model to determine the spatial correlation relationship of technological progress in the main
areas producing mandarins and tangerines and established spatial correlation networks,
based on which, it explored the characteristics of the overall network structure and the
individual network structure by applying the social network analysis method. The paper
further investigated the factors influencing the spatial correlation networks using the QAP
regression analysis method and arrived at the following conclusions:

First, regarding the changing characteristics of the technological progress in Chinese
citrus production, in general, the production of Chinese mandarins and tangerines is
in the stage of technological progress, and the rate of technological progress related to
mandarins is higher and more stable than that related to tangerines. In terms of spatial
distribution, the average rate of technological progress in mandarin production is the
highest in Guangdong, and that in tangerine production is the highest in Hunan. There are
obvious inter-regional and intra-regional differences in technological progress in mandarin
and tangerine production. In terms of time series development, except for Fujian and
Guangdong, the technological progress rates of other major mandarin-producing regions
show a fluctuating downward trend and a slowdown. In addition, except for Chongqing,
the technological progress rates of other tangerine-producing areas show a slowdown.
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Second, in terms of the overall network structure, China’s citrus-production technology
progress spatial network is becoming denser and more complex, and the stability of the
spatial network is constantly improving, presenting a multi-core structure in space. The
spatial network density of the technological progress in mandarin and tangerine production
is not high, and the network structure is relatively loose. The network correlation degree
is 1, there is no isolated main production area outside the network, and the network spatial
spillover effect is obvious. Differences in the characteristics of mandarin and tangerine
network levels are more obvious, with the mandarin-production technology progress space-
network level being overall lower than that of tangerines, and the tangerine-production
technology progress space-correlation-network polarization phenomenon is more serious.
The spatial network efficiency of technological progress in both mandarin production and
tangerine production shows a decreasing trend, the network stability is increasing, and
there are multiple superimposed spillover channels.

Third, in terms of individual network characteristics, the point degree centrality of
Guangdong and Fujian, the two main production areas, is the highest among the main
mandarin-producing areas; that of Zhejiang is the highest among the main tangerine-
producing areas; and they are in the core positions in the spatial correlation networks of
technological progress in the main mandarin- and tangerine-producing areas, respectively.
At the same time, the proximity centrality of Guangdong and Fujian is higher than the
national average of mandarin-producing regions, and the proximity centrality of Zhejiang,
Jiangxi, Hunan, and Fujian is higher than the national average of tangerine-producing
regions. These main regions play the role of central actors in the spatial association network
of technological progress. The intermediary centrality of Guangdong and Fujian is also
higher than the national average for mandarin-producing regions, and the intermediary
centrality of Zhejiang is higher than the national average for tangerine-producing regions,
and they play the roles of intermediary and bridge in the spatial correlation network
of technological progress. The spatial network of the technological progress in citrus
production in China shows a significant Matthew effect, with the relatively economically
developed eastern provinces of Guangdong, Fujian, and Zhejiang having a higher status in
the spatial network, while Chongqing, in the western part of the country, is in a passive
position in citrus-production-related technological exchanges and cooperation.

Fourth, the QAP analysis results show that the differences in education levels have
a significant negative impact on the structure of the spatial correlation network of citrus-
production technology progress in China. Differences in the levels of information technol-
ogy, economic development, innovation support, and financial support have a significant
positive effect on the spatial network structure of citrus-production technology progress in
China. Differences in the industrial structure and agricultural disaster rates do not have a
significant effect on the spatial network structure of citrus-production technology progress
in China.

7.2. Policy Implications

First, a modern citrus industry science and technology innovation system should
be built, increasing citrus-specific scientific research input, innovating and developing
citrus-production technologies, and promoting new technologies through demonstration
projects to provide a new driving force for China’s citrus-production technology progress.

Second, there is a need to grasp the structure of the overall linkage network, imple-
ment the strategy of coordinated regional development of citrus science and technology
innovation, and promote the construction of spatial spillover channels of citrus techno-
logical advancement. For the marginal production regions in the spatial linkage network
of citrus technological advancement, the role of the government is necessary in seeking
technical assistance, obtaining a guaranteed supply of citrus-production technology in
terms of citrus breeding and planting, and promoting the balanced development of China’s
citrus-production technology in the region.

46



Agriculture 2023, 13, 2118

Third, with regard to the positioning of the network roles of the main production
regions, differentiated policy regulation should be implemented to accurately identify the
central actors in the spatially linked network and the main production regions that act as
intermediaries and bridges in the spatial transmission paths, so as to provide an accurate
idea of their vital driving roles.

Finally, there is a need to speed up the development of rural education in the pro-
duction regions that are trailing behind and reduce the disparity in the quality of rural
education between the production regions. To increase the likelihood of forming correla-
tions with other production regions, each production region needs to pay more attention to
the effects of information technology, economic development, support for innovation, and
financial support.

This study used the cost–benefit panel data of seven main mandarin-producing re-
gions and seven main tangerine-producing regions from 2006 to 2021. Although the data
of each production factor of each main production region were collected and processed, the
data of other production regions could not be obtained. Thus, to some extent, this study
could not accurately reflect the actual level of technological progress in citrus production in
China. In the future, with better data information, it is hoped that the data related to the
production of all mandarin- and tangerine-producing areas will be collected, with a suffi-
ciently large sample size to make the research conclusions more accurate and representative.
Meanwhile, in the future, research can also be conducted on how to optimize the factor
allocation of land, labor, and capital to promote citrus-production technology progress;
how to introduce technology-embedded governance to promote citrus-production tech-
nology progress; and how to implement institutional-embedded governance to innovate
institutional mechanisms.

This article belongs to the same series of research as the author’s previous article pub-
lished in this Special Issue, entitled “Spatiotemporal Evolution and Spatial Convergence
Analysis of Total Factor Productivity of Citrus in China”. The previous article’s research
concluded that technological progress is the main factor affecting the total factor productiv-
ity of citrus. This article further measured the technological progress in citrus production
in China by using the transcendental logarithmic cost function model and analyzed the
spatial correlation network structure and its influencing factors, which expands on the
previous article.
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Abstract: The objective of this research is to analyze how family farming contributes to food
sovereignty; the Guarainag parish of the Paute canton in the province of Azuay-Ecuador is taken as a
case of study. This work responds to the necessity to explain the elements that impact food sovereignty
in the existing food crisis in Latin America and specifically in Ecuador in search of self-sufficiency for
healthy food products and people’s own local culture. For this purpose, a Food Sovereignty Index
was constructed through ten quantitative and qualitative indicators. The research has a correlational
and explanatory scope; quantitative methods were used to measure food sovereignty through a
binary logit regression model, which provided an answer to the hypothesis of the research, which
consisted of testing the influence of family farming on food sovereignty. Furthermore, to collect
the information, a survey was applied to 372 small farmers with the support of digital mapping
and the Kobol Tulboox software version 1.27.3. The result was a Food Sovereignty Index of 59.79%,
which, according to the scale used, places the territory in a high average. In addition, the hypothesis
was verified, concluding that there is a direct relationship among the following elements of family
farming such as number of household members, family labor, group of products, type of animals,
tillage technology, natural fertilizer, and altitudinal levels with food sovereignty. For future research,
it is recommended that the variable of climate change has to be incorporated in order to observe its
impact on food sovereignty.

Keywords: family farming; food sovereignty; agricultural; diversification; family labor force

1. Introduction

The food crisis requires that we reformulate the current capitalist agrifood model and
build a new relationship that respects the cultural system and natural ecosystems; in this
context, family farming represents a new way of looking at economic activity. Hence, the
food crisis is an opportunity because it has allowed a debate on the importance of food
sovereignty, as a right of the population to obtain their own food system, which allows
the consumption of healthy, nutritious food produced under technologies compatible with
the environment [1]. Food sovereignty is also focused on defending the rights of peasant
communities harmed by the policies that promote economic globalization [2].

The pandemic revealed the significance of this kind of agriculture since the health
crisis could not have been managed if the production of food from peasant production had
been interrupted. The close relationship between family farming and food sovereignty is
also evident.

Agriculture productive units (UPAs) dedicated to family farming produce around 80%
of food worldwide, on an average area of 70% of agricultural land globally [3], while in
Ecuador, family farming provides 60% of the food demanded by the population [4]. In
the same way, in the Guarainag parish, the productive units dedicated to family farming
occupy 2.53% (42.74 hectares) of the total agriculture area, the same ones that are located
on different bioclimatic floors and adjacent to populated centers.

Agriculture 2023, 13, 1827. https://doi.org/10.3390/agriculture13091827 https://www.mdpi.com/journal/agriculture50
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The concept of family farming in Latin America originated at the end of the 19th
century and the beginning of the 20th century, from the publications made by the historians
Chayanov and Ayala who call it the “family economic unit” [5], which means: “a farm of
sufficient size to provide the livelihood of a family and that in its operation does not require
salaried labor, but that could be attended with the labor force of the family itself” [6].

However, it must be emphasized that, from the year 2000, after the end of the dicta-
torships, the term family farming began to be used with greater emphasis in the region
due to the resistance of this segment to economic shocks [7]. The use of this term was also
influenced by the declaration of the United Nations General Assembly (UNGA), in which
2014 was nominated as the year of Family Farming.

Likewise, food sovereignty is analyzed as a concept that emerged from the year 1996,
promoted by the social organization called Vía Campesina, in the different sceneries of the
fight against hunger [1]. It emerges as an opposition to the policies that promote capitalist
agricultural activity [8] and as a response to food sovereignty proposed by the Food and
Agriculture Organization of the Nations—FAO [9]. It also constitutes a tool that aims to
change food systems from the bottom up [10]. It makes it possible to carry out studies on
its characterization and contribution to the economy of the region; that is, family farming
became the mobilizing axis of a series of events, academic studies, and public policies [11].

In 2017, the Food and Agriculture Organization of the Nations-FAO and the Latin
American and Caribbean Parliament (Parlatino) published the Parlatino Family Farming
Model Law, as a basis for the formulation of laws and policies in the region, in which the
concept of family farming was established as a productive unit and a way of life in which
men and women from the same family nucleus work and their production is used for
self-consumption, exchange, and commercialization.

Family farming systems in general, and home gardens in particular, are important
settings for the implementation of agroecological practices [12]; its administration is in
charge of the family and the family resides in it or in a nearby place [11], a way of life of
community work which differentiates it from other types of capitalist economy [13].

The Inter-American Institute for Cooperation in Latin America (IICA) states that family
farming is a social category made up of individuals who live in rural areas, work the land
for productive and reproductive purposes, and in which family work predominates, due to
which it has been positioned in different countries as a relevant social subject [14].

In addition, family farming is not only a productive activity, but also a way of life of the
peasant population [11,15]; it is characterized by the high number of people who work in
it [16]. Both men and women from the same family unit [17,18] mainly use family labor and
occasionally hired labor [19]. Furthermore, they are owners of their means of production,
use low-tech tools and equipment, are friendly to the environment (animal traction, picks,
shovels), and they are located on different altitudinal floors where agricultural activities
are carried out which allows them to have a high diversification of their production [20].

This is related to the approach of Fabron and Castro [18] and Acebedo [19], who state
that family farming is the basis of food sovereignty. It provides healthy and nutritious food
with strong identity roots, which gives it elements of multidimensionality. This criterion
also coincides with both Byaruhanga and Isgren and [21] Wald and Hill [22], who consider
that the multiscale perspective plays an important role in the analysis of food systems and
their implementation.

Food sovereignty is focused on the rights of both the State and the people in order to
democratically define what to sow in their agricultural production units without external
imposition [22]. Food sovereignty is also established as a right that people have to a
diet with nutritious, accessible products produced under an agroecological approach that
represents their culture, and also to freely choose what they want to produce for their
food [23]. Food sovereignty is a political proposal promoted by social organizations at the
international level and subsequently assumed by the different States within their regulatory
frameworks [9].
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From the literature review, it has not been possible to find a study that shows the
analysis of the role of family farming in family sovereignty, which allows us to formulate
the following research question: How does family farming contribute to food sovereignty
in Guarainag Parish? The research hypothesis shows that there is a positive influence of
family farming on food sovereignty, according to which was proposed the objective of
analyzing how family farming contributes to food sovereignty. The Guarainag parish of
the Paute canton in the province of Azuay-Ecuador is taken as a case.

Ecuador is a pioneer country in terms of food sovereignty, incorporating it into the
Ecuadorian Constitution of 2008 [24]. In Article 281, it states that: “Food sovereignty
constitutes a strategic goal and an obligation of the State to guarantee that individuals,
communities, people, and nationalities achieve self-sufficiency in healthy and culturally
appropriate food on a permanent basis” [25]. In the case of Ecuador, the Heifer International
Foundation in 2018 characterizes family farming as a productive system linked to mainly
family labor and it is the family nucleus that decides what to plant and how it organizes
work, and manages the transmission of knowledge [26].

In Guarainag, despite the problems caused by migration and the effects of changing
land use, family agricultural production is maintained, characterized by its diversification,
ancestral techniques in crops, employment of family labor, and the concentration of UPAs
around their homes, thereby contributing to food sovereignty through access to health
products, for which qualitative indicators and quantitative analysis were used through an
inferential statistic.

2. Materials and Methods

The research was carried out in the Guarainag parish, belonging to the province of
Azuay of the Paute canton, which borders the cantons: Azogues (Cañar province), Sevilla
de Oro, Guachapala, and the Tomebamba parish (Azuay province). The parish is made up
of 8 communities: Las Juntas, Llamacón, Selel, Ucumarina, Bella Unión, Rambran, Coyal,
and Guarainag Center, as shown in Figure 1.

Figure 1. Location of the research area.

The reason why this parish was chosen to carry out the study is that its agricultural
productive units present characteristics of family farming based mainly on the use of
family labor, product diversification, and ancestral productive practices, among others
which allowed us to determine to what extent this family farming contributes to food
sovereignty. The study is based on the application of the inductive and deductive methods
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to understand the theoretical generalities regarding the proposed study, and how family
farming contributes to food sovereignty based on estimates of the logistic regression
econometric model. The development of the research was carried out in 4 stages according
to Figure 2.

Figure 2. Research Stages.

(1) Compilation of cartographic material at a scale of 1:5000 of the coverage and use of
the land of the Guarainag parish.

(2) Cartographic identification of agricultural productive units (UPAs) through a
map which provided the number of UPAs dedicated to family farming, and which were
validated by the directors of the Parish Government. The lack of knowledge of the exact
number of these units was a limitation for the development of this research since there is
little updated official information available due to the fact that the last agricultural census
in Ecuador was carried out in the year 2000. This problem was solved with cartography
updated to 2020, where a total of 387 UPAs dedicated to family farming were identified.

Based on the total number of UPAs, the sample was established with a total of 372 sur-
veys to be collected randomly. The formula selected for the sample responds to the
characteristics of the study where the population universe is known. The formula used is
described in Equation (1).

The formula for the sample:

n = NPQ/(N − 1)
(

E
K

)2
+ PQ (1)

Fountain: [27]
Where:
n = sample size
N= population size
P = probability of success
Q = probability of failure
E= error 1%
K = 1.96

n =
387(0.5 ∗ 0.5)

(387 − 1)
(

0.01
1.96

)2
+ (0.5 ∗ 0.5)

= 372
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With the number of samples determined, a map was made with the sampling points
where the survey was applied. The location of the UPAs to be surveyed was carried out by
means of a simple random sampling where each family agricultural productive unit had
the same possibility of being included [28].

To carry out the sampling, each of the geo-referenced plots was numbered and the
statistical probability calculation function in Excel software version 16.0.4266.1003 was used
to select the plots to be surveyed. Figure 3 shows the UPAs where the surveyed households
are located in relation to the total.

Figure 3. Location of the UPAs surveyed.

(3) A Food Sovereignty Index (IDS) was constructed as a criterion for measuring
the food sovereignty variable. The following process was followed to construct the IDS:
establish the factors of each variable, assign indicators for each factor, and assign its scale
or measurement value [29–32]. The summary of this process is observed in Table 1, where
the indicators are expressed as a percentage and the IDS is a simple average of food
consumption (products, animals).

Table 1 shows that IDS has been formed based on 10 indicators, which were chosen
from Johanes M. Waldmueller y Laura Rodríguez [24], Salgado et al. (2020) [33]. The IDS
is the result of the simple average of the 10 indicators that compose it. It was decided to
give the same weight to each variable due to the insufficiency of empirical and theoretical
evidence as reference for making decisions regarding the weights of these indicators.

54



Agriculture 2023, 13, 1827

Table 1. Indicators of food sovereignty.

Indicators (%)

Average of vegetables you consume from your crops
Average of legumes consumed from their crops
Average of cereals consumed from their crops
Average of tubers consumed from their crops
Average of fruits consumed from their crops

Average of dairy consumed from its production
Average of chickens that you consume from your property

Average of guinea pigs that you eat from your property
Average of cattle consumed from the farm
Average of pigs consumed from your farm

Food Sovereignty Index

This may be a limitation of the present research; however, in the authors’ opinion, it
constitutes a first approximation that has a practical application in the measurement of
food sovereignty in rural parishes. The analysis of the weights of each of the indicators on
food sovereignty will be considered for future research.

The Food Sovereignty Index–IDS was established with a stratification; the Likert
scale was used in 5 ranges: Low, those with <20% IDS; Middle-Low, among the range
of >20%–<40%; Half, in the range >40%–<60%, High average, in the range >60%–<80%,
and High, between the ranges >80%–<100%. This classification can be seen in Table 2.

Table 2. Ranks of the Food Sovereignty Index.

Ids Ranges Rating of the Food Sovereignty Index

IDS < 20% Low
20% < IDS < 40% Middle-low
40% < IDS < 60% Half
60% < IDS < 80%, High average
80% < IDS < 100% High

Table 3 shows the 3 axes and the 12 indicators that were used to measure the family
farming variable. The choice of these was based on: Victor Hugo Verdezoto y Jorge Enrique
Viera [27], Johanes M. Waldmueller y Laura Rodriguez [24].

Table 3. Indicators of family farming.

Axes Indicators Unit

Labor
Family labor %
Hired labor %

Production units

Products group Number
Animals group Number

Property tenure % own
% rented

Technology

Ancestral tillage technology %
Plowing technology %
Associated products %

Agricultural calendar %
Rotation practices %

Access to irrigation %
Natural fertilizer %

(4) The determination of the results where the quantitative indicators that allowed
to determinate the association and correlation between variables were analyzed. For the
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treatment of the data and the elaboration of the econometric model, the Stata statistical soft-
ware version 14.0 was used, where 11 predictors were entered for the Logit Model, which
validates the correlation between the dependent and independent variables. Likewise,
the qualitative indicators that describe and characterize the studied variables were also
analyzed [27]. The Logit model was constructed with the IDS as the dependent variable
and the 11 predictor variables are those corresponding to the family farming indicators
found in Table 4. The specification of the model can be seen in Equation (2).

Specification of the logit model:

Pr(Y = 1|X1, X2 . . . X11) =
1

1 +
(

1
e(β0+β1X1+β2X2+···+β12X11)

) (2)

When the IDS is greater than 60%, it takes the value of 1 and is classified as having food
sovereignty, and if the IDS is less than 60%, it does not have food sovereignty, qualifying it
as 0. According to the above, 65.68 would be the percentage that had food sovereignty and
34.32% that did not. Hence, the description and categorization of the predictor variables
can be seen in Table 4.

Table 4. Variables predictors.

Axes. Variable Categories

In
de

pe
nd

en
tv

ar
ia

bl
es

Number of household members
managed by the Productive Unit Membership

Labor used UPA
1. Labor is Family
0. Labor is hired

Group of products that it harvests Number of product groups
Type of animals you raise Animal type number

Technologies used in tillage 1. Plow management
0. Tractor handling

Use of the associated sowing technique 1. If they plant associates
0. Do not sow associates

Use of rotation practices 1. If you do rotation practices
0. Does not carry out rotation practices

Use of natural fertilizer
1. If you use natural fertilizer

0. Does not use natural fertilizer

Tenure of the land
1. Own

0. Leased, rented, at first

Acquisition of seeds 1. Own harvest
0. Another way of acquiring

Altitudinal floors

1. Altitude of 2140–2499
2. Altitude of 2500–2799
3. Altitude of 2800–2999
4. Altitude of 3000–4000

D
ep

en
de

nt
va

ri
ab

le

Food Sovereignty Index
0 < 60% without food sovereignty

1 ≥ 60% with food sovereignty

The bivariate analysis method allows us to analyze the correlation between vari-
ables through the Chi-Square test (chi2), the same one that contrasts from the observed
frequencies if the differences between the two groups are attributable to chance [28].
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3. Results

According to the established methodology, the results are presented below in two
sections: qualitative and quantitative indicators.

3.1. Qualitative Indicators

As mentioned above, the family farming variable is measured through the 12 qual-
itative indicators in Table 3, as well as the food sovereignty variable, measured with the
10 indicators in Table 1. Table 5 shows them for each of the variables, axes, and indicators.

Table 5. Variables of family farming and food sovereignty results.

Variables Axes Indicators Unit Value

Family farming

Labor
Family labor % 77.75
Hired labor % 22.25

Production units

Products group Number 6
Animals group Number 4

Property tenure % own 95.71
% rented 4.29

Technology

Ancestral tillage technology % 86.06
Plowing technology % 13.94
Associated products % 93.03

Agricultural calendar % 91.42
Rotation practices % 97.32

Access to irrigation % 6.70
Natural fertilizer % 91.69

Food sovereignty

Average of vegetables you consume from your crops % 58.17
Average of legumes consumed from their crops % 38.57
Average of cereals consumed from their crops % 82.88
Average of tubers consumed from their crops % 15.28
Average of fruits consumed from their crops % 23.82

Average of dairy consumed from its production % 91.58
Average of chickens that you consume from your property % 90.89

Average of guinea pigs that you eat from your property % 95.06
Average of cattle consumed from the farm % 86.05
Average of pigs consumed from your farm % 87.34

Based on the variables identified in Table 1, it can be observed that the labor used in
the productive units is closely linked to family labor with 77.75%, and hired labor with
22.25%; the latter is mainly due to the aging of the population which is linked to agricultural
production. The surveys conducted showed that family farming in the case of Guarainag
has a diversity of products, which are grouped into six categories: vegetables, legumes,
cereals, fruits, dairy products, and tubers, and in terms of livestock, they raise small animals
(guinea pigs, pigs, poultry) and cattle. This characteristic coincides with what was stated
by [6].

Likewise, the characteristics of the Agricultural Productive Units—UPAs dedicated
to family farming, their concentration, area, diversity of products, animal husbandry,
bioclimatic floors, irrigation systems, and property ownership were analyzed. Regarding
the concentration of family UPAs, these are adjacent to the populated centers of the parish
communities, as we can see in Figure 4.

The average area of the agricultural area dedicated to family farming is 2893 square
meters, where there is a diversity of products grouped into six species: vegetables, legumes,
cereals, fruits, dairy products, and tubers. Regarding the raising of animals, there are four
types: chickens, guinea pigs, pigs, and cattle. Livestock and crop production are located in
four bioclimatic zones. Likewise, 86.33% of the family farms dedicated to family agriculture
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are located in two bioclimatic floors, ranging from 2140 to 2499 and 2500 to 2799 m above
sea level, as shown in Figure 5.

Figure 4. The concentration of family UPAs.

The 95.71% of the land dedicated to family farming is owned; furthermore, 91.69% do
not have access to irrigation. Regarding the technology applied to the agricultural area,
86.06% of the family productive units use the animal traction system (plow) and 13.94% use
the agricultural tractor; 91.69% practice crop rotation, 93.03% use the sowing technique with
associated products, 97.32% use natural fertilizer, and 91.42% use the agricultural calendar.

In relation to access to food, family farming contributes on average to the family diet
with 58.57% vegetables, 38.57% legumes, 82.58% cereals, 15.28% tubers, 23.82% fruit, 91.58%
dairy, 90.89% chickens, 95.06% guinea pigs, 86.05% sheep, and 87.34% pigs.

According to the analysis carried out in Table 6, it can be seen that 59.79% have high
average food sovereignty, 28.95% are rated as average, 5.9% as high, and 5.36% average low,
with access to the consumption of healthy food (produced with natural fertilizer), including
nutritious (they are important sources of minerals, calcium, potassium, magnesium, iron,
iodine, proteins) and diversified products with sustainable environmental and cultural
production models (use of animal traction).

Table 6. Ranks of the Food Sovereignty Index.

Ids Ranges
Rating of the Food
Sovereignty Index

Ids Percentage (%)

IDS < 20% Low 0 0.00
20% < IDS < 40% Middle-low 20 5.36
40% < IDS < 60% Half 108 28.95
60% < IDS < 80%, High average 223 59.79
80% < IDS < 100% High 22 5.90

Total 373 100.00
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Figure 5. Location of family UPAs by bioclimatic floors.

3.2. Quantitative Indicators

This type of indicator analyzes the contribution of family farming to food sovereignty
through the “Logit Model”, which allows for a binary analysis between independent and
dependent variables. As mentioned in the methodological part, food sovereignty has been
chosen as the dependent variable. The results of the descriptive statistics of this variable
are shown in Table 7.

Table 7. Dependent variable results.

IDS Frequency Percentage Accumulated

0 128 34.32 34.32
1 245 65.68 100.00

Total 373 100.00

Table 8 shows the results of the binary logit model which was run with the STATA
software version 14.0.

The results in Table 8 show that the variables (Number of household members man-
aged by the Productive Unit, Labor used UPA, Group of products that it harvests, Type
of animals you raise, and Altitude of 2500–2799) are significant at a 95% confidence level.
In addition, the variable (Use of natural fertilizer) is significant at 90% confidence level.
The variables (Use of the associated sowing technique, Use of rotation practices, Tenure
of the Land, Acquisition of seeds, Altitude of 2800–2999 and Altitude of 3000–4000) were
not significant, and therefore, they cannot be interpreted. Hence, we could say that the
variables that were found to be significant have a positive influence on food sovereignty.
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Table 8. Logit model.

IDS coef. Std. Err. Z p > z [95% Conf. Interval]

Number of household members managed by the
Productive Unit 0.5025217 0.1671353 3.01 0.003 0.1749424 0.8301009

Labor used UPA 0.9958676 0.377439 2.64 0.008 0.2561008 1.735634
Group of products that it harvests 2.157564 0.2682683 8.04 0.000 1.631768 2.683361

Type of animals you raise 0.7180205 0.2693447 2.67 0.008 0.1901146 1.245926
Technologies used in tillage −1.015121 0.4436787 −2.29 0.022 −1.884715 −0.1455264

Use of the associated sowing technique 0.5246096 0.6221096 0.84 0.399 −0.6947027 1.743922
Use of rotation practices 0.4377693 0.9790197 0.45 0.655 −1.481074 2.356613
Use of natural fertilizer 0.9456437 0.5628639 1.68 0.093 −0.1575491 2.048837

Tenure of the land 0.3423796 0.6503339 0.53 0.599 −0.9322514 1.617011
Acquisition of seeds −0.9963864 0.719643 −1.38 0.166 −2.406861 0.4140879

Altitudinal floors
2. Altitude 2500−2799 0.6919243 0.3196482 2.16 0.030 0.0654253 1.318423
3. Altitude 2800–2999 0.2862071 0.5218403 0.55 0.583 −0.7365811 1.308995
4. Altitude 3000–4000 0.1517798 0.7863475 0.19 0.847 −1.389433 1.692992

_cons −12.41432 2.139603 −5.80 0.000 −16.60787 −8.220778

3.3. Indicators of the Fit of the Logit Model

Table 9 shows the indicators used to measure the model’s goodness of fit which are
analyzed through Pseudo R2 and the ROC Curve.

Table 9. Indicators of the fit of the Logit Model.

Indicators Parameters

Number of obs = 373
LR chi2 (13) = 171.28
Prob > chi2 = 0.0000
Pseudo R2 = 0.3570

log likelihood −154.24019

The goodness of the logistic model is based on the Pseudo R2, so the Pseudo R2 statistic
allows us to measure the goodness of a logistic model. It is a statistic used as a proxy of the
model with respect to its endogenous variable based on empirical evidence; the following
ranges are proposed [28]:

- First, Pseudo R2 has a value less than 0.2; the model presents a bad fit.
- Second, Pseudo R2 is in a range of 0.2 and 0.4; the model presents a normal fit.
- Third, Pseudo R2 has a value greater than 0.4; the model fits the data appropriately.

For the purposes of this research, the calculation carried out has a normal fit because
it corresponds to a Pseudo R2 of 0.357 and the Probability > chi2 is 0.0000; therefore, it is
less than 0.05, concluding that the model is reliable.

The ROC curve is a graphical representation of the sensitivity and specificity of the
logistic regression model. The area at the bottom of the ROC curve is an overall measure of
the accuracy of a diagnostic test. The area under the curve must be greater than 0.5 for the
model to discriminate adequately. In the research carried out, the curve has an ROC of 0.87
which is a good discrimination since it is close to 1; see Figure 6.

Depending on the statistics obtained for each variable, the following considerations
fit: the contribution of family farming to food sovereignty is made based on the marginal
effects and Odds Ratio, as shown in Table 10.
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Figure 6. ROC Curve.

Table 10. Marginal Effects and Odds Ratio.

dy/dx p > z Odds Ratio

Number of household members managed by the Productive Unit 0.0673586 0.002 1.652884
Labor used UPA 0.1386551 0.008 2.707072

Group of products that it harvests 0.2892024 0.000 8.650045
Type of animals you raise 0.0962443 0.006 2.050371

Technologies used in tillage −0.1292463 0.013 0.3623587
Use of the associated sowing technique 0.0730374 0.411 1.689799

Use of rotation practices 0.0606742 0.663 1.549247
Use of natural fertilizer 0.1337408 0.099 0.257447

Tenure of the Land 0.0470397 0.606 1.408295
Acquisition of seeds −0.1414668 0.175 0.3692112

Altitudinal floors
2. Altitude 2500–2799 0.0916678 0.025 1.997556
3. Altitude 2800–2999 0.0391849 0.577 1.331368
4. Altitude 3000–4000 0.020973 0.845 1.163904

- The variable that refers to the number of members per household of families dedicated
to family farming presents a positive coefficient and an Odds Ratio greater than the
unit Exp (0.67) = 1.65, which indicates that, for each unit of increase in the number
of members in the household, there is 1.65 times more probability of contributing to
food sovereignty.

- The variable family labor presents a positive coefficient and the Odds Ratio greater
than one unit–Exp (0.13) = 2.70. Thus, it indicates that for each unit of family labor
increased, there is 2.70 times the probability of contributing to food sovereignty.

- The variable of the number of groups of products that they cultivate has a positive
coefficient and the Odds Ratio is greater than the unit Exp (0.28) = 8.65, indicating that
due to an increase of one unit in the diversity of products, it is 8.65 times more likely
to contribute to food sovereignty.

- The variable referring to the number of types of animals raised in their produc-
tion units has a positive coefficient and the Odds Ratio greater than the Exp unit
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(0.096) = 2.05, showing that with each increase in the breeding of one type of animal,
it is 2.05 times more likely to contribute to food sovereignty.

- The tillage technology variable with the use of the team has a negative coefficient and
the Odds Ratio is greater than the Exp unit (−0.091) = 0.36 (inverse 2.77). Thus, it
indicates that for each increased unit of use of the team in the UPAs, it is 2.77 times
more likely to contribute to food sovereignty.

- The variable related to bioclimatic floors has a positive coefficient and the Odds Ratio
is greater than the Exp unit (0.91) = 1.99, indicating that due to the increase of a farm
unit located in the bioclimatic floor that goes from 2500 to 2800, it is 1.99 times more
likely to contribute to food sovereignty; all of the above mentioned corresponds to
the fact that within this bioclimatic floor the soil is loamy and black in color, contains
nutrients, moisture, humus, good drainage, and infiltration of water and air which
present better characteristics for agricultural cultivation [34].

4. Discussion

The results of the research agree with the criteria of some authors who focus on the
direct link between family farming and food sovereignty [33] and consider it as an alterna-
tive to capitalist agriculture [28], which is reflected in the Constitution of the Republic of
Ecuador 2008, where food sovereignty is proposed as an alternative for people to have a
healthy, nutritious diet, and this is achieved with the contribution of family farming [25]
with diversified production [6]. Furthermore, food diversity and the use of organic fertiliz-
ers are important elements as a contribution to food sovereignty. This coincides with the
profile found by García (2023) [35] in a study on self-consumption gardens in the Huelva
mountains where farmers committed to the environment grow a range of products with
a wide variety and a high commitment to the use of organic fertilizers [36]. In addition,
it supports the point of view that food sovereignty is likely to increase when production
units have a greater diversity of products [34], and the raising of small and large animals is
accomplished with a clean technique [5], the use of ancestral techniques (animal traction),
and with mainly family labor [33]. In short, these factors contribute to food sovereignty [20].
Thus, local agrobiodiversity supports food sovereignty [37].

The 59.79% food sovereignty indicator obtained shows that there is still room for
improvement in the Guarainag parish case study. Among the aspects that should be
worked on is the consumption of fruits, legumes, and tubers. Moreover, a similar study is
that of Salgado et al. (2020) [33] who, in their research on vulnerability to food insecurity
conducted in Quilombola, found an indicator of food insecurity of 53% of households. In
this case, the program applied showed changes in eating habits, creating new habits due to
access to a greater diversity of foods.

Food sovereignty occurs when populations have access to healthy, organic, and di-
verse food. To achieve food sovereignty, family farming plays an important role which
becomes a reality when there is a will of families to produce the land with environmentally
friendly and ecological techniques and technologies. In this sense, Mann (2014) [36] and
Sélingué (2007) [38], also cited by Byaruhanga and Isgren (2023) [39], believe that in order
to achieve the above, it is very important to guarantee the rights of people to determine
their own food and agricultural systems which guarantee the right to culturally appropriate
and healthy food, as well as ecologically sound production.

5. Conclusions

This study concluded that family farming has a positive influence on food sovereignty
in the case study of Guarainag parish. The factors that were found to be significant
are: Number of household members managed by the Productive Unit, Labor used UPA,
Group of products harvested, Type of animals raised, Altitude of 2500–2799 and Use of
natural fertilizer.

The food sovereignty variable was obtained from the construction of the Food Sovereignty
Index based on ten indicators. The result obtained from its calculation was 59.79%, which

62



Agriculture 2023, 13, 1827

places it on a high average scale according to the qualitative classification defined for it. On
the other hand, the indicators that most influenced this qualification are: family production
units that are characterized by their proximity to population centers, the use of family
labor, ancestral practices (animal traction), high diversification of product groups such
as vegetables, legumes, cereals, dairy products, fruit, and the raising of various species
of animals, and the destination of their production being mainly for family consumption.
Nonetheless, it is necessary to point out that one of the limitations of the study is the
method of calculating the IDS based on the simple average. Future research will analyze
more complex methods of calculation and incorporate other indicators of family farming
such as the effect of climate change.

This study is considered a tool of practical importance in local public policy decision-
making. In the opinion of the authors, family farming should be treated as a provincial
policy, which would have a comprehensive impact on strengthening food sovereignty as a
means to achieve zero hunger, as proposed in the 2030 Sustainable Development Goals.

Thus, with the results obtained and as a contribution of the study to the strengthening
of family farming in food sovereignty, three lines of action are recommended. They are
addressed to the competent and governing bodies of agricultural activity established in the
Organic Code of Territorial Organization—COOTAD [36]. These are:

- Incorporate, in the guidelines for updating the land management plans, parameters
that establish regulations on permitted and complementary uses which promote
family agriculture.

- Since agricultural development is the exclusive responsibility of the Provincial Govern-
ment and concurrent with the Parochial Governments, comprehensive programs must
be promoted to strengthen family farming, and in this way, guarantee the population’s
food sovereignty.

- Make strategic alliances between the sectional government, families dedicated to fam-
ily farming, and academia for the transfer of technology adapted to the area and with
cultural characteristics that boost the productivity of agricultural production units.
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Abstract: Reducing regional inequality is one of the seventeen Sustainable Development Goals
(SDGs) established by the United Nations. However, a persistent regional disparity known as the
“Mezzogiorno Trap” presents a significant challenge. The underdeveloped regions that fall into the
“Mezzogiorno Trap”, even though they can narrow the gap with other regions through substantial
support, see the disparity widen again when the level of assistance starts to decline. This paper
proposes a methodology for identifying the “Mezzogiorno Trap”. By employing this approach and
combining panel data on Chinese agriculture from 2015 to 2021, it is discovered that despite the
overall development of the Chinese agricultural economy during this period, the “Mezzogiorno Trap”
still exists. The paper analyzes the reasons behind the “Mezzogiorno Trap” in the Chinese agricultural
economy and presents constructive recommendations based on the research findings. The research
process demonstrates that this methodology is better suited for studying regional disparities in
specific economic sectors, and the obtained results are more stable and reliable.

Keywords: regional disparity; productivity disparities; agriculture; economy; sustainability; DEA;
meta-frontier model

1. Introduction

1.1. The “Mezzogiorno Trap” in Economic Development

“Mezzogiorno” refers to regions in the south of Italy and Sicily, which are often
perceived as economically less developed than the cities and regions in the north of the
country. This disparity between lagging and developed regions reflects, to some extent,
Italy’s unbalanced regional development. Since the end of World War II, the economic and
social issues in these areas have posed significant challenges to Italy’s economic progress.
As early as 1970, Watson described the enormous disparity between the north and the
south as, “Italy is, in effect, two nations” [1]. Even today, research by Daniele still indicates
a productivity gap of up to 30% between southern Italy and the central and northern
regions [2]. Additionally, a significant body of research demonstrates that such disparities
persist, and they are indeed comprehensive [3–5].

Therefore, the term “Mezzogiorno Trap” is often used by scholars to describe the
discrepancy and imbalance in regional economic development. However, its meaning
extends beyond mere economic differences between regions. Over the decades, the Italian
government has directed substantial aid towards the Mezzogiorno region. When this aid
diminishes or disappears, the regional economy experiences significant setbacks, forming
a sort of “trap”. Research conducted by Iuzzolino et al. also validates this phenomenon.
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In the 20 years following World War II, under the impetus of productivity enhancement
and structural changes in the south, Italy witnessed the first substantial and sustained
convergence between the north and the south. However, this trend abruptly halted in the
mid-1970s, resulting in a renewed divergence [6]. Terrasi used the Theil Index to analyze
the regional convergence of per capita GDP in Italy from 1953 to 1993 and found that the
economic differences between regions in Italy were minimized only during the period from
1960 to 1975 [7]. The characteristics of the “trap” were quite apparent. Research by Torrisi
et al. showed that between 1996 and 2008, the transfer payments received by southern
Italy from the European Union accounted for 70% to 87% of Italy’s total transfer payments.
The funds obtained by the south were equivalent to around 11% of total investment and
around 40% of public investment, considerably higher than in the central and northern
regions [8]. However, in 2006 and 2007, the average income of residents in the richest
region (Valle d’Aosta) was 2.6 times that of residents in the poorest region, indicating a
significant disparity.

Hence, a succinct definition of the “Mezzogiorno Trap” can be posited: it is a distinct
phenomenon of regional economic disparity characterized by the extensive governmental
support enjoyed by lagging regions. The peculiarity lies in the fact that once these regions
are devoid of such support, the disparities re-emerge and widen.

Economically, the “Mezzogiorno Trap” implies that the region’s economic develop-
ment heavily relies on external aid rather than internal economic activities. This may
stem from the region’s underdeveloped infrastructure, insufficient industrial development,
and lower-quality human resources, which result in a weak economic development ca-
pability. Salvati and others conducted an exploratory analysis on 133 indicators across
7 thematic areas (population/housing, labor market, economic structure, quality of life,
agriculture/rural development, landscape/water, environmental/soil resources), with
results suggesting that latitude, altitude, and urban gradient dictate the complex spatial
pattern of socio-economic and environmental variables in Italy [3]. Research by Daniele
indicates a significant positive correlation between relative poverty levels and students’
mathematics scores [2].

Socially, the “Mezzogiorno Trap” may reflect issues of regional social injustice. For
instance, social resources such as education and healthcare might be unevenly distributed
across regions, leading to a significantly lower quality of life for residents in certain areas.
This social injustice can impact social mobility, thereby further exacerbating economic
inequality [4]. In their study of the dynamics of poverty in Italy, Giarda and colleagues
conducted a comparative analysis with the UK and Spain. Utilizing econometric methods,
they found that the persistence of poverty in Italy exceeds that in the UK and Spain.
Research by Bruzzi and others on the performance of healthcare systems across different
Italian regions found that despite considerable support, healthcare performance in most
southern regions remains poor [9].

From a policy perspective, the “Mezzogiorno Trap” might reflect the shortsightedness
and errors of policy makers in their development strategies. For example, if policy makers
overly rely on external aid to stimulate regional economic development without adequately
considering how to enhance the region’s self-sufficiency, issues could arise once external
aid decreases. Research by Fazio et al. indicates that during the seven-year implementation
of new strategic policy interventions from 1997 to 2003, regional economic disparities
remained unchanged [10]. This demonstrates that inappropriate policies cannot effectively
alleviate the “Mezzogiorno Trap”. In their investigation of disparities among European
Union (EU) countries, Geppert et al. discovered that European integration policies fa-
cilitated the catch-up process of lagging countries. However, concurrently, the force of
economic activity agglomeration often expanded the internal gaps among EU member
states [11]. This highlights the significant challenges inherent in policy formulation. In their
study examining regional disparities in China before and after the abolition of agricultural
tax, Ruan et al. [12] found that improper policy selection can lead to a dramatic widening
of regional gaps once support is reduced. Additionally, in their investigation of economic
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disparities among the 28 European Union countries, López-Villuendas et al. [12,13] ob-
served that since the implementation of the NUTS (Nomenclature of Territorial Units for
Statistics) classification, economic disparities have been concentrating at the national level
within regions categorized under NUTS2. Simultaneously, in areas delineated by the more
granular NUTS3 classification, disparities have been progressively widening.

1.2. Examples of “Mezzogiorno Trap” in Other Areas

The concept of the “Mezzogiorno Trap” is indeed prominent in the southern regions
of Italy, but in fact, similar economic disparities and developmental challenges exist in
numerous other regions and countries. Here are some examples:

The United States’ “Rust Belt”: This region was once the industrial hub of the US.
However, due to globalization and industrial transformation, many industries in these
areas have declined. Lacking sufficient investment and support, these areas may also face
analogous developmental predicaments. Research conducted by Harrison et al. found that
the community housing vacancy rate in the Rust Belt was significantly higher than in the
Sun Belt from 2012 to 2019, persistently remaining elevated [14]. Hegerty demonstrated
that Detroit, the most representative city of the “Rust Belt”, has fallen into uniformly poor
conditions with a certain degree of contagion, in stark contrast to the cities in the southern
and western “Sunbelt” [15].

Eastern Germany: Since German reunification, an economic disparity has existed
between the East and West. At the time of reunification, the economic development level of
the East (former East Germany) was far behind that of the West (former West Germany).
Although the West provided substantial fiscal aid to the East, undertook massive infras-
tructure construction, and implemented various policies to stimulate economic growth, the
economic development of the East remains slow. Herrschel found significant regional dif-
ferences not only between the East and West but also within different states in the East [16].
Berentsen et al. believe that progress has been slow in eliminating regional inequalities in
Germany, and these inequalities continue to evolve. However, the research also points out
that according to EU standards, the difference between East and West Germany is not large.
The East may perform better in certain aspects (such as education and health) than in its
economic performance [17]. Dörr et al. still found an increased incidence and mortality
rate related to heart failure in East Germany 30 years after reunification, much higher than
in West Germany [18].

Rural areas in India: In India, there is a significant economic disparity between
rural and urban areas. The economic development of rural areas primarily depends on
agriculture and handicrafts, industries often less developed than the modern industries
of cities. Therefore, these areas may also face similar developmental dilemmas. Birthal
focused on agriculture to study the economic growth of various Indian states, finding
absolute differences that require significant improvements in infrastructure and human
resources [19]. Jose et al. demonstrated that there is a considerable disparity in socio-
economic development between different states in India, evident in basic facilities such as
sanitation, banking, road connectivity, clean drinking water, post offices, and telephony,
and this disparity continues to increase [20].

1.3. How to Tell If the “Mezzogiorno Trap” Exists

In summary, to determine whether a region has fallen into the “Mezzogiorno Trap”,
several aspects can be considered:

1. Economic development gap: if a region lags significantly behind other regions or
countries in its level of economic development, it may be at risk of the “Mezzogiorno
Trap”.

2. Dependence on external aid or investment: if a region’s economic development
heavily relies on external aid or investment, rather than on internal economic activities,
then it might be susceptible to the “Mezzogiorno Trap”.
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3. Internal economic activity level: if a region’s internal economic activities, such as
industrial production and commercial activities, appear inactive or small-scale com-
pared to the magnitude of external aid or investment, then it could potentially face
the risk of the “Mezzogiorno Trap”.

4. Changes in external aid or investment: if there is a decrease or disappearance in
external aid or investment in a region, and this leads to a significant downturn in the
local economy, the region may have already fallen into the “Mezzogiorno Trap”.

5. Continuity of policy support: if a region’s economic development largely depends on
policy support, which may change for various reasons (e.g., regime changes, shifts in
economic policy), then it too could be at risk of the “Mezzogiorno Trap”.

1.4. Objectives and Contributions of This Paper

China exhibits a typical dualistic economic structure between urban and rural areas.
There are significant disparities between cities and villages in terms of economic output,
per capita income, social welfare, and other aspects. Despite China’s ascent to becoming the
world’s second-largest economy, driven primarily by rapid urban economic development,
agriculture still accounts for a substantial proportion of the population and the economy.
Therefore, this paper focuses on the agricultural economy in China to investigate the
potential existence of the “Mezzogiorno Trap” and aims to achieve the following objectives
and contributions:

1. By studying the research process and findings, a more reasonable approach to as-
sessing the “Mezzogiorno Trap” is summarized, which can be extended to further
investigate regional disparities in a wider range of areas and regions.

2. By employing quantitative methods derived from operations research, management
science, and economics, an assessment is conducted to determine the presence of the
“Mezzogiorno Trap” in China’s agricultural economy.

3. Constructive policy proposals and adjustments are put forward to address the “Mez-
zogiorno Trap”. By studying the “Mezzogiorno Trap”, the achievements of regional
economic disparity research from various countries worldwide can be introduced into
the relevant policy research for rural development in China.

2. Literature Review

2.1. The Possible Existence of the “Mezzogiorno Trap” in China

In China, the primary drivers of economic development are located in the eastern
and coastal regions, possessing robust industrial bases and international trade networks,
whereas the western economy lags significantly. In January 2000, the State Council estab-
lished the Western Development Leadership Group. On 8 December 2006, the State Council
Executive Meeting reviewed and in principle approved the “Eleventh Five-Year Plan for
Western Development” [21], aiming to “use the residual economic development capacity of
the eastern coastal regions to enhance the economic and social development level of the
western regions, and consolidate national defense”. A series of supportive policies known
as the “Western Development” were subsequently introduced.

Since the implementation of the Western Development policy in 1999, the economic
growth rate of the western regions has remained relatively high, with some provinces
like Sichuan and Chongqing experiencing particularly rapid economic growth. However,
China’s eastern coastal regions have very favorable conditions, holding significant advan-
tages over the western regions in terms of geographical location, climate, economy, science
and technology, education, and talent. The pace of their development has not slowed, and
the economic gap persists, even widening in some instances. This advantage is especially
prominent in high-end industries like technology, finance, and services.

When Chen et al. studied the sample data of 815 Chinese listed companies from 1998
to 2004, they found that although China has shifted its development focus from the eastern
coast to the inland regions, the difficulty for the government in guiding the economy
is increasing. The influence of market mechanisms on the economy far surpasses that
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of the government, suggesting that reforms need to be further deepened for supportive
policies to take effect [22]. Fan et al. also found, through research, that despite the Chinese
government’s efforts, the gap between the East and West continues to widen [23]. When
Zhang et al. studied the factors influencing innovation in China’s high-tech industries, they
discovered that the central and western regions lag far behind the eastern region in terms
of the decisive factor of innovation investment, with considerable gaps in other factors as
well. The ultimate result is that the eastern region’s technological innovation capability far
exceeds that of the West [24].

In summary, there is a possibility that the “Mezzogiorno Trap” indeed exists in the
Chinese economy, especially in the western regions. Previous research indicates that despite
receiving favorable policies and substantial financial support, the disparities in industrial
structure, education, population quality, geographical location, financial environment, and
level of marketization in the western regions are challenging to bridge rapidly through
simple financial support and preferential policies. Earlier studies demonstrate that in many
aspects, the gap between the western regions and the developed areas is still widening.

2.2. A Review of Relevant Studies on China’s Agricultural Support Policies and Regional Differences

Since 2000, the Chinese government has implemented a series of agricultural support
policies aimed at increasing agricultural productivity, raising farmers’ incomes, improving
rural infrastructure, and promoting urban–rural economic integration. Below are some
significant policy measures:

1. Agricultural subsidy policy: since 2004, the Chinese government has implemented
direct agricultural subsidy policies, including grain planting subsidies and agricul-
tural machinery purchase subsidies, aiming to enhance agricultural productivity and
safeguard farmers’ interests.

2. Abolition of the agricultural tax: the agricultural tax was a levy on farmers’ income
from planting grains and other agricultural products. In 2006, China completely
abolished this tax, significantly reducing farmers’ burden, increasing their income,
and stimulating the zeal for agricultural production [25].

3. Agricultural insurance system: to mitigate farmers’ losses due to natural disasters and
other factors, the Chinese government introduced an agricultural insurance system,
subsidizing part of the insurance costs for insured farmers.

4. New rural cooperative medical system: this policy, aimed at improving rural medical
conditions, provides basic medical security for farmers through government subsidies
and social fundraising [26].

5. Rural land system reform: the government relaxed restrictions on the transfer of rural
land use rights, allowing farmers to gain income through leasing or transferring land,
creating conditions for the modernization and scaling of agriculture.

6. Agricultural technological advancement policy: the government increased support for
agricultural scientific research and promotion, to enhance agricultural productivity
and yield, including the promotion of quality seeds and agricultural mechanization.

7. Rural infrastructure construction: this involves building rural roads, water supplies, and
power supplies to improve rural living conditions and the production environment.

8. Rural poverty alleviation work: this includes offering low-interest loans, vocational
training, rural labor transfer, and other poverty alleviation methods to decrease
rural poverty.

By 2018, the Chinese government launched a strategy to comprehensively improve
the economic, social, and environmental conditions of rural areas. Its core objective is to
achieve balanced development between rural and urban areas, enhance the quality of life
and work in rural areas, promote agricultural modernization, and strengthen the economic
capacity of rural areas. The rural revitalization strategy covers all aspects of rural areas,
including industry, talent, culture, ecology, and organization [27].

These intense agricultural support policies have significantly facilitated rapid growth
in China’s agriculture. However, they have also sparked concern among some scholars
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and experts. Research by Chan and colleagues indicated that, while rural economies
were growing rapidly, disparities among rural regions across different provinces were also
widening. The efficiency discrepancy between collective enterprises in the rural areas of
the eastern and western provinces was a primary contributor to this divergence [28].

Li and colleagues, through studying the differences reflected by the agriculture, man-
ufacturing, and service sectors from 1995 to 2004, found that the loss of agricultural
employment in the central and western regions was not compensated for by growth in
other sectors. The speed variance in the transformation from agriculture to secondary
and tertiary industries widened the gap between the coastal regions and the rest of the
country [29]. Chen and associates analyzed the spatio-temporal changes in arable land use
intensity at national and provincial levels and found that developed regions had a lower
labor intensity and a higher capital intensity. Less developed regions had a higher labor
intensity but a lower capital intensity [30].

Research by Liu and colleagues demonstrated that the overall quality of agricultural
development in China was steadily improving, but structural problems were evident. From
the perspective of regional differences, a primarily “high in the East, low in the West”
pattern was observed, which was mainly caused by interregional differences and showed a
gradually declining trend during the selected period [31].

2.3. Possible Problems with the Study of Regional Disparities in the Agricultural Economy

Previous studies have indeed provided a wealth of insight and assistance. However,
we believe there are areas for further refinement. In many studies, the regional differences
in the overall economy can interfere with the regional differences in a specific field. For
example, from an overall perspective, there is a significant difference between eastern
and western China, involving multiple aspects such as the economy, society, and policy.
The differences are especially profound in high-tech manufacturing and modern financial
services. However, agriculture has a long history in all regions of China, and the level of the
agricultural economy in a western province may not necessarily be inferior to that of eastern
provinces. When many studies target regional differences in the overall economy, they may
categorize this western province as less developed due to its geographical location, which
could cause bias in the part of the study concerning the agricultural economy.

Moreover, the potential “Mezzogiorno Trap” in regional differences has not received
adequate attention. As previously mentioned, the “Mezzogiorno Trap” typically describes
a region whose economic development heavily relies on external aid or investment, rather
than internal economic activities. When external assistance or investment declines or
disappears, the economy of the region may experience a significant downturn. Therefore,
examining whether a region has fallen into the “Mezzogiorno Trap” is meaningful for
policy adjustment and the self-construction of underdeveloped areas. However, the issue
does not receive much attention in studies on China’s regional differences. On one hand,
the “Mezzogiorno Trap” in regional economic differences may be obscured by inherent
disparities between regions. On the other hand, in specific fields such as agriculture, the
process of identifying the “Mezzogiorno Trap” can easily be disrupted.

In conclusion, we have decided to prioritize one crucial step in investigating the
existence of the “Mezzogiorno Trap” in the Chinese agricultural economy: utilizing quanti-
tative analysis to identify the regions with genuinely low agricultural economic efficiency.
We believe that this is an important step for ensuring the credibility and validity of our re-
search findings and will also serve as a significant foundation for future studies on regional
economic disparities in specific sectors.

3. Materials and Methods

3.1. Data Sources

This paper uses relevant data from 31 provinces and cities in China from 2015 to
2021 as the research basis. All original data come from the “China Statistical Yearbook”
published by the National Bureau of Statistics of China, as well as the “China Rural
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Statistical Yearbook” jointly published by the National Bureau of Statistics and the Ministry
of Agriculture and Rural Affairs. The period from 2015 to 2021 was chosen for two main
reasons. First, the statistical methods used during this period are relatively consistent,
and the data are relatively complete. Earlier data contain significant differences due to
changes in statistical methods. Second, this period straddles the major “Rural Revitalization
Strategy” initiative, enabling effective observation of changes and trends caused by policy.

Data Sources:

- China Statistical Yearbook, 2016–2022 [32]
- China Rural Statistical Yearbook, 2016–2022 [33]

Note: Each annual edition of the China Statistical Yearbook and China Rural Statistical
Yearbook publishes statistical data from the preceding year. For instance, the 2016 China
Statistical Yearbook provides statistics from the year 2015.

3.2. Research Process

In typical research on regional disparities, subjects are usually categorized into dif-
ferent groups for comparative study. In the context of China, the vast majority of studies
directly classify subjects according to geographical variation. This approach is driven by
the focus on the disparities between the eastern and western parts of China, where the
substantial economic difference is axiomatic from a macroeconomic perspective [23,28,34].
Some research divides Chinese provinces and cities into eastern, central, and western
regions, while others compare coastal regions with inland areas in China [29,35].

Our research objective is to determine whether the “Mezzogiorno Trap” exists in
China’s agricultural economy, considering the possibility that the agricultural economic
level of a western province or city might surpass that of an eastern one. Consequently,
we argue against the mere reliance on traditional geographical grouping. Instead, we
advocate for a quantitative analysis approach to identify regions that lag behind in terms
of agricultural economic development for comparison with more advanced regions.

In accordance with the characteristics of the “Mezzogiorno Trap”, a simple regional
disparity is insufficient for its identification. It is crucial to observe the changes in disparities
over a specific period, and to combine this observation with changes in associated aid and
investments during the same timeframe, to derive a comprehensive conclusion.

In summary, our research process is as follows, as illustrated in Figure 1.

1. Data collection.

• Grouping using the super-efficient SBM model.
• Constructing a meta-frontier SBM model of the agricultural economy in 31 provinces

and cities, 2015–2021, calculating intra-group gaps.
• Calculating financial support for agriculture in China during 2015–2021.

2. Determine if the “Mezzogiorno Trap” exists.

• Calculating financial support for China’s agricultural subgroups during 2015–2021.
• Constructing an SBM Model of the Agricultural Economy in 31 Provinces and

Cities, 2015–2021 We compute the intensity of financial support for agricultural
groups in China from 2015 to 2021.

• Constructing the SBM-Malmquist Model of Agricultural Economy in 31 Provinces
and Cities, 2015–2021.

3. Analysis of the factors influencing the “Mezzogiorno Trap”.
4. Conclusions and recommendations.
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Figure 1. Flowchart of the research process for the “Mezzogiorno Trap” in Chinese agricultural
economics.

3.3. Research Methods

The research methodology of this paper is based on efficiency assessment. There
is a large heterogeneity in different regions of China, which is very different in terms of
the employed population, total agricultural economy, cultivated land area, agricultural
production methods, and so on. Efficiency assessments can better eliminate the hetero-
geneity. Higher production efficiency means more output with less input, and therefore
more advanced technology, more efficient management, and less pollution and better
sustainability. Efficiency assessment is widely used in the evaluation of economic levels.
As early as 1952, Schmookler et al. used efficiency to evaluate the U.S. economy [36].
Bukarica et al. used efficiency evaluation to study energy policy and the level of sustainable
development [37]. Bravo-Ureta et al. used efficiency evaluation to study agricultural and
resource economics [38]. Paul et al. also used efficiency evaluation in their study of U.S.
farm and agricultural economies of scale [39].

The data envelopment analysis (DEA) method, commonly used in efficiency evalua-
tion, is a technique for analyzing relative efficiency through input–output analysis, pro-
posed by Charnes et al. in 1978 [40]. DEA views each evaluated unit as a decision-making
unit (DMU), with all DMUs having identical input and output variables. It calculates
the production efficiency frontier surface, also known as the envelopment structure, by
examining these input and output variables, thereby evaluating the relative efficiency of
each DMU. DMUs situated on the frontier surface are considered DEA-efficient, with a
comprehensive technical efficiency score of 1. The efficiency scores of other DMUs are
determined by their relative position to the frontier surface, specifically ranging between
0 and 1. As a non-parametric method for evaluating relative effectiveness, the advantage
of DEA is that it does not require the pre-assignment of weights for input and output,
and it can evaluate the relative efficiency of multiple DMUs with multiple inputs and
outputs. Hence, it is widely used in operational research, management, econometrics, and
other fields.
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The basic DEA models include the CCR model (named after its authors A. Charnes,
W.W. Cooper, E. Rhodes) [40] and the BCC model (named after its authors Banker, Charnes,
and Cooper) [41]. However, as they only consider radial improvement and neglect the
slack of input and output variables, their efficiency calculation is not accurate enough and
their efficiency improvement suggestions are not scientifically sound. To address this, Tone
et al. established the non-radial SBM (slacks-based measure) model based on variable
slack measurements by incorporating all slack measurements into the objective function
through a scaling method [42]. Compared to traditional DEA models, the SBM model is
more reasonable and rigorous. Like traditional DEA models, it decomposes comprehensive
technical efficiency into pure technical efficiency and scale efficiency, which is equally
convenient when analyzing causes. Chang et al. applied the SBM-DEA model to study the
economic and environmental efficiency of 27 global airlines in 2010 [43]. Lin et al. used the
SBM-DEA model to study CO2 emissions and the sustainable economy [44].

The methodology of this paper is based on the SBM-DEA model. The equation for
SBM can be presented as follows:

In the input-oriented slacks-based measure (SBM) model [45], the objective is to
minimize slack variables or equivalently maximize efficiency, subject to constraints on
inputs and outputs. To assess the relative efficiency of DMUo = (x o, yo), the following
linear programming formulation can be solved. This process is repeated n times for
o = (1, . . . , n).

[SBM-I-C] (Input-oriented SBM under constant returns-to-scale assumption). Formally,
the input-oriented SBM model can be articulated as the following linear programming
problem:

Objective Function:

ρ∗I = minλ,s− ,s+ 1 − 1
m

m

∑
i=1

s−i
xio

Subject to:

xio =
n

∑
j=1

xijλj + s−i (i = 1, . . . , m)

yro =
n

∑
j=1

yrjλj − s+r (r = 1, . . . , s)

λj ≥ 0(∀j), s−i ≥ 0(∀i), s+r ≥ 0(∀r)

ρ∗I is called SBM-input-efficiency.
The SBM model has certain limitations under specific conditions. For example, in

this paper, we take the 31 provinces of China as DMUs to analyze the relative efficiency of
agricultural economics, firstly ranking and grouping them based on their overall technical
efficiency. If we directly adopt the SBM model, there might be instances where multiple
provinces have an efficiency score of 1, making it impossible to group them. Therefore,
when ranking and grouping, we use the super efficiency SBM model.

The super efficiency model was proposed by Andersen and Petersen in 1993 with
the aim of solving the issue in the DEA model when multiple DMUs are on the efficiency
frontier, hence further comparison cannot be made [46]. When evaluating a particular
DMU with the super efficiency model, it is excluded from the reference set, meaning it is
not allowed to participate in calculating its own efficiency score. If this DMU still lies on
the new efficiency frontier (i.e., the super efficiency score is greater than 1), then it can be
deemed not only more efficient than the original set of DMUs but also higher in efficiency
than other DMUs that are evaluated as efficient. The construction of the super efficiency
model can thus solve the issue of ranking and grouping.

With the 31 provinces of China ranked and grouped based on the super-efficiency
SBM model, subsequent research can be conducted. As the super-efficiency model might
exhibit unboundedness, i.e., the super-efficiency scores for some DMUs might be infinite,
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we only use the super-efficiency SBM model for ranking and grouping. The subsequent
research will be conducted by constructing the meta-frontier SBM model.

The meta-frontier model was first proposed by O’Donnell et al. to study the efficiency
differences among grouped DMUs [47]. The technical principle involves, firstly, determin-
ing an efficiency frontier within each DMU group, termed the group frontier; thus, each
DMU obtains an internal group efficiency score. Secondly, an efficiency frontier termed
the meta-frontier is established by considering all DMUs together, from which each DMU
obtains an efficiency score relative to the meta-frontier. The ratio of these two efficiency
scores is referred to as the technology gap ratio (TGR).

Characteristic of the meta-frontier model is its ability to eliminate the heterogeneity of
DMUs, commonly employed for comparative studies among regions and, with adjustments,
can be used for comparisons between industries, policy comparisons, etc. O’Donnell et al.
used the meta-frontier model to study enterprise efficiency, and empirical application was
made using cross-national agricultural sector data [47]. Li et al. combined the meta-frontier
model with the Malmquist index model and the Tobit regression model for regional com-
parative studies of China’s high-tech industries [48]. Yu et al. employed the meta-frontier
SBM model to study the energy efficiency of Eastern, Central, Western, Northeastern China,
and various provinces from 2006 to 2016 [49]. Chen et al. also used the meta-frontier model
when researching the agricultural economy at the county level in China [22].

In the meta-frontier analysis, this study employs efficiency scores under the CRS
assumption, given that the efficiency score under CRS represents technical efficiency (TE).
This score is a product of pure technical efficiency (PTE, which is also the efficiency score
under the VRS assumption) and scale efficiency (SE). Consequently, TE can be considered
as an overall efficiency that integrates both PTE and SE. Our research aim is to assess
the overall efficiency of DMUs in all aspects (both technical and scale), making TE more
pertinent. In contrast, the efficiency score obtained under the VRS assumption signifies
pure technical efficiency, which holds relatively lesser significance when evaluating the
comprehensive level of DMUs.

This is not to suggest that our study entirely overlooks the efficiency scores under
the VRS assumption. We have additionally formulated SBM models under both CRS and
VRS assumptions. Discussions encompassing the pure technical efficiency scores and scale
efficiency scores under the VRS assumption have been conducted, which greatly aid in the
analysis of the underlying reasons for the “Mezzogiorno Trap”.

We also constructed a Malmquist SBM model for the agricultural economic efficiency
of 31 provinces and cities in China from 2015 to 2021 to examine the development trend
of China’s agricultural economic efficiency during this period. This is because both the
SBM model and the super-efficiency SBM model calculate the relative efficiency of DMUs
within a specific period, and efficiency scores from different periods cannot be directly
compared. To compare efficiencies across different periods, the Malmquist index model is
used. The Malmquist productivity index was first proposed by Swedish economist Sten
Malmquist in 1953 [50], and was later introduced into data envelopment analysis (DEA) by
Färe et al. in 1984 to measure the change in production efficiency of DMUs over different
time periods [51].

The basic construction of the Malmquist index is as follows: suppose that in two time
periods, t and t + 1, each DMU has a corresponding production possibility set (PPS), which
can be described by their input and output vectors. We can calculate the efficiency scores
of DMUs in periods t and t + 1 based on the PPS of these two periods. The Malmquist
productivity index is defined as the geometric mean of the ratio of the efficiency score in
period t to the efficiency score in period t + 1. If EFF denotes the efficiency score, then the
Malmquist index can be expressed as:

Tfpch = Effch × Techch =
Dt+1

(
Xt+1, Yt+1

)
Dt(Xt, Yt) ×

√√√√√ Dt
(

Xt+1, Yt+1
)

Dt+1
(

Xt+1, Yt+1
) × Dt(Xt, Yt)

Dt+1(Xt, Yt)
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If Tfpch (total factor productivity change) is greater than 1, then the efficiency score
has improved. If a large proportion of provinces or cities exhibit this trend, it would
suggest an overall improvement in the efficiency of China’s agricultural economy. A Tfpch
value of 1 indicates no change in efficiency, while a value less than 1 signifies a decline
in efficiency. The purpose of constructing a Malmquist index model is to explore the
potential relationship between the “Mezzogiorno Trap” phenomenon and the efficiency
development trend in China’s agricultural economy. This is aimed at studying the elusive
nature of the “Mezzogiorno Trap”: even if the overall economy is continuously progressing,
a “Mezzogiorno Trap” may still exist and be less easily detected.

4. Results

4.1. Constructing a Super-Efficient SBM Model of the Agricultural Economy in 31 Provinces and
Cities in 2017 and Grouping Them According to Rankings

To construct a DEA (data envelopment analysis) model, the first step is to select input
and output variables. In this study, we chose the “Rural Population” across 31 provinces
in China as the input variable representing labor. Although publicly available data from
the Chinese government include the number of employed persons in rural areas, these
figures are verified to only encompass rural enterprise employees who contribute to social
insurance. A significant labor force in many rural areas of China does not participate in
social insurance schemes [52]. Furthermore, agriculture is often a family-based endeavor
involving both the elderly and children [53]. Hence, rural population size serves as a more
accurate input variable for labor.

Utilizing rural population numbers as an input variable introduces certain uncontrol-
labilities. However, China presents a unique scenario. Firstly, China adopts a state-owned
land system, which results in a notably weaker connection between farmers and their land
compared to other nations. Additionally, the country enforces a household registration
system, ensuring clear population registration and statistics. Over past decades, with the
Chinese government’s robust push for urbanization, the urban population swelled from
191 million in 1980 to 622 million in 2009. By 2011, urban residents constituted 51% of
the total population, marking the first instance of surpassing the rural demographic [54].
Subsequent to the launch of the Rural Revitalization Strategy in 2018, a multitude of policies
shifted in favor of rural development, causing certain regions to experience a phenomenon
of “reverse urbanization” [55]. As such, China’s rural population figures and proportions
adjust significantly in response to government policy shifts. Therefore, employing rural
population counts as an input variable is indeed salient for crafting rural policies.

For the material input variables, we have selected diesel consumption, pesticide
consumption, and fertilizer consumption, which constitute the major consumables in
Chinese agricultural production. These are not only used in crop cultivation but also
in forestry and animal husbandry. The data sources also provide information on the
consumption of seeds and plastic films; however, these represent a small proportion
and have limited application scope. In consideration of the relationship between input
variables and the number of decision making units (DMUs), this study opted for the most
representative consumables to ensure the effectiveness of the DEA model.

We chose the total output value of agriculture, forestry, animal husbandry, and fishery
as the output variable. Although data sources provide various specific outputs like crop
yields, livestock, and aquatic products, these variables exhibit collinearity with the total
output value. Moreover, provinces exhibit considerable heterogeneity in terms of specific
types of agricultural products. Therefore, monetizing the end results of various types of
agricultural production yields the total output value that is most representative.

It is noteworthy that some agricultural studies employ arable land area as an input
variable. However, considering the latitude range of 31 provinces in China (3◦30′ N to
53◦33′ N), there are substantial climatic differences. In northern regions, crops mature
once a year, while in the south, they can mature up to three times a year. Consequently,
the same arable land area could yield significantly different levels of productivity. To
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eliminate this heterogeneity among the 31 provinces, arable land area was not utilized as
an input variable.

The input and output variables used for assessing agricultural efficiency in the DEA
model across China’s 31 provinces are summarized in Table 1. For specific numerical values,
please refer to Table S1 in the Supplementary Materials.

Table 1. Input and output variables for the DEA model of agricultural efficiency in China’s
31 provinces.

Variables Data Sources

Input variables

Rural Population China Statistical Yearbook

Consumption of Chemical Fertilizers China Rural Statistical Yearbook

Consumption of Pesticides China Rural Statistical Yearbook

Consumption of Diesel Fuel China Rural Statistical Yearbook

Output variables Gross Output Value of Agriculture, Forestry,
Animal Husbandry and Fishery China Rural Statistical Yearbook

To rank and group the 31 provinces and cities in China, we chose the agricultural
economic super-efficiency SBM model of 2017 as the basis. In 2017, it was the year before
the “Rural Revitalization Strategy” was proposed. We believe that the regional differences
in agricultural economy might be large at this time, and grouping at this time point could
reflect the gap in agricultural economic levels more realistically. Subsequent calculations
also confirmed our thinking: in all the 7-year meta-frontier SBM models, all the meta-
frontier comprehensive technological efficiency scores for the 10 provinces and cities
representing the relatively advanced Group 1 were 1. This indicates that these 10 provinces
have always been at the highest level of agricultural economy. As for the provinces
and cities that were grouped into the relatively backward Group 3, their meta-frontier
comprehensive technological efficiency scores were almost at the bottom, with only one–
two changes, which shows that our grouping method can represent the regional differences
in China’s agricultural efficiency.

The above variables were imported into the DEARUN software V3.1 edition to cal-
culate the super-efficiency SBM model of agricultural economy for the 31 provinces and
cities. According to the efficiency score ranking, the 31 provinces and cities were divided
into three groups: Group 1 (rank 1–10), Group 2 (rank 11–20), and Group 3 (rank 21–31).
The results are as follows in Table 2.

Additionally, it is worth noting that the choice to categorize the 31 provinces into three
groups, rather than two or more than three, is guided by the following considerations:
Segmenting the dataset into only two groups would lack a mid-range control group, thereby
compromising the robustness of subsequent comparative analyses. On the other hand,
dividing into more than three groups would result in each group containing fewer than
10 provinces. Given that the meta-frontier DEA efficiency analysis would then proceed
with fewer than 10 DMUs per group and four input–output variables, this scarcity would
negatively impact the validity of the DEA model.

Customary guidelines suggest that the number of DMUs should exceed thrice the sum
of the input–output variables. In this study, utilizing the meta-frontier SBM model, there are
a total of 31 DMUs and five input–output variables. When establishing the common frontier,
the DMU count satisfactorily aligns with the general empirical suggestion. However, once
segmented into three groups, each group comprises 10–11 DMUs, not meeting the thrice
criterion relative to the input–output variable count. Such a shortfall could adversely
influence the frontier formation for each group: a limited DMU number might result in
more DMUs being adjudged as efficient, subsequently diminishing the discriminative
capability among DMUs within a group.
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Table 2. Ranking and grouping of agricultural economic efficiency in 31 Provinces in China.

DMU Efficiency Score Ranking Group

Beijing 0.673728 14 2
Tianjin 0.570652 19 2
Hebei 0.443189 27 3
Shanxi 0.320583 31 3

Inner Mongolia 0.80136 11 2
Liaoning 0.915023 9 1

Jilin 0.443526 26 3
Heilongjiang 1.092438 3 1

Shanghai 0.487126 24 3
Jiangsu 1.029901 7 1

Zhejiang 0.606872 17 2
Anhui 0.438897 28 3
Fujian 1.064987 4 1
Jiangxi 0.50359 23 3

Shandong 0.725972 12 2
Henan 0.420875 29 3
Hubei 0.811924 10 1
Hunan 0.548386 20 2

Guangdong 0.522385 22 3
Guangxi 0.611202 16 2
Hainan 1.160764 2 1

Chongqing 0.577371 18 2
Sichuan 0.719591 13 2
Guizhou 1.573564 1 1
Yunnan 0.444038 25 3

Tibet 0.526058 21 3
Shaanxi 1.013779 8 1
Gansu 0.360777 30 3

Qinghai 1.042648 5 1
Ningxia 0.672134 15 2
Xinjiang 1.035293 6 1

Nonetheless, this paper consciously opts for a tripartite division rather than bifurcation
for several reasons: Firstly, the negative repercussions predominantly transpire within each
group, rendering it “equitable” across groups. Given that the research aim of our meta-
frontier SBM model is to discern inter-group disparities, such adverse effects on between-
group variations might be mitigated due to this inherent “equity”. Secondly, an SBM model
without group distinctions has also been formulated in this study to scrutinize variations
between DMUs within each subset, serving to counterbalance potential detrimental effects.
Moreover, sustaining the triad, inclusive of a median group for comparison, proves pivotal
for inter-group comparative analysis. Lastly, while curtailing the number of input–output
variables could ostensibly conform to general guidelines, it would profoundly compromise
the model’s precision, reliability, and robustness, deficits that are challenging to counteract.

The final distribution of the three groups is shown in Table 3.

Table 3. Grouping table of 31 provinces and cities in China.

Group 1 Group 2 Group 3

Liaoning Beijing Hebei
Heilongjiang Tianjin Shanxi

Jiangsu Inner Mongolia Jilin
Fujian Zhejiang Shanghai
Hubei Shandong Anhui

Hainan Hunan Jiangxi
Guizhou Guangxi Henan
Shaanxi Chongqing Guangdong
Qinghai Sichuan Yunnan
Xinjiang Ningxia Tibet

Gansu
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4.2. Constructing the Meta-Frontier SBM-DEA Efficiency Model for the Agricultural Economy of
31 Provinces and Cities in China from 2015 to 2021

In constructing the meta-frontier SBM-DEA (slack-based measure—data envelopment
analysis) efficiency model for the agricultural economy of 31 provinces in China for the
years 2015–2021, the input and output variables employed were identical to those detailed
in Table 1. For specific numerical values, please refer to Table S1 in the Supplementary
Materials. We incorporated the ranking and group data from Table 2 into the panel data
of 31 provinces spanning from 2015 to 2021. The meta-frontier SBM models for each year
were formulated using the DEARUN software. Subsequently, we computed the average
TGR (technology gap ratio) values for DMUs (decision making units) within each group,
which are organized and presented in Table 4.

Table 4. Average TGR values of meta-frontier SBM Model for Chinese agricultural economy efficiency
from 2015 to 2021.

Group 1 Group 2 Group 3

2015 1 0.839242 0.597488
2016 1 0.809165 0.572281
2017 1 0.700432 0.488344
2018 1 0.71545 0.505777
2019 1 0.640931 0.560976
2020 1 0.723399 0.577238
2021 1 0.637693 0.569133

4.3. Constructing the 2015–2021 SBM-Malmquist Index Model for Agricultural Economics across
the 31 Provinces in China

When constructing the SBM-Malmquist index model with DEARUN software, the
input and output variables selected are as shown in Table 1. The purpose of this analysis is
to test the development trend of China’s agricultural economic efficiency. The panel data
input has not been ranked or grouped to minimize interference. The model calculated is
shown in Table 5, after tidying up.

Table 5. Summary table of SBM-Malmquist index model results for Chinese agricultural economy
efficiency from 2015 to 2021.

Number of Provinces
with Effch > 1

Number of Provinces
with Techch > 1

Number of Provinces
with Tfpch > 1

2015–2016 7 27 28
2016–2017 3 29 19
2017–2018 7 31 31
2018–2019 14 31 31
2019–2020 13 31 30
2020–2021 6 31 31

5. Discussion

5.1. Surprising Grouping

In Figure 2, provinces are annotated on the map of China according to their respective
groupings as delineated in Table 6. A summary of the gross regional product, per capita
gross regional product, and the corresponding rankings among the 31 provinces for the
year 2017 is compiled in Table 6. A counterintuitive observation emerges from these
graphical and tabular representations: there is a conspicuous lack of a direct correlation
between the efficiency of agricultural economics in Chinese regions and their overall
economic performance or geographical location. Intriguingly, Group 3, identified as having
the lowest agricultural economic efficiency, includes some of China’s most economically
advanced provinces such as Shanghai and Guangdong. These provinces excel in metrics
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like gross regional product and per capita gross regional product and are located along
the southeastern coast. In various Chinese regional economic studies, including those
focusing on agricultural economic disparities, these provinces are frequently classified
among the most developed [23,29,31]. Conversely, Group 3 also comprises economically
underdeveloped regions like Tibet, Gansu, and Jilin, which lag in economic indicators and
are located in western and northeastern China. Moreover, provinces with medium-level
economic performance, such as Jiangxi, Anhui, and Henan, are also incorporated in this
group and geographically situated in central China.

Figure 2. Geographical distribution map of agricultural economic efficiency rankings among China’s
31 provinces and municipalities.

Table 6. Summary of gross regional product and ranking, per capita gross regional product and
ranking of provinces in Group 3.

Gross Regional Product
(CNY 100 Millions)

Ranking of Gross
Regional Product

Per capita Gross
Regional Product (CNY)

Ranking of Per Capita
Gross Regional Product

Hebei 40,391.27 12 54,231.03 27
Shanxi 22,590.16 20 64,914.26 17

Jilin 13,235.52 26 55,728.49 26
Shanghai 43,214.85 10 173,623.3 2

Anhui 42,959.18 11 70,275.11 13
Jiangxi 29,619.67 15 65,573.77 15
Henan 58,887.41 5 59,584.54 22

Guangdong 124,369.7 1 98,052.41 7
Yunnan 27,146.76 18 57,882.23 23

Tibet 2080.173 31 56,835.32 24
Gansu 10,243.31 27 41,137.77 31

From an agricultural economic perspective, this grouping is justified. Numerous
studies have indicated that Shanghai and Guangdong are among the most developed
and fastest-growing regions in China [56–58]. However, there may be significant issues
regarding agricultural economic efficiency. In economically prosperous areas, there is a
prevalent issue of excessively high land-use costs. Research by Gao et al. [59] revealed that
urbanization in China is progressing rapidly, leading to over-expropriation of rural land in
Shanghai, resulting in land idleness. The ambiguity in China’s unique rural land ownership
system has made it challenging to utilize this idle land. Studies by Liu et al. [60] show
that land rents have heavily impacted areas surrounding Shanghai. After investigating
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160 villages in the Qingpu district of Shanghai, Gu et al. [61] found that rural areas on the
outskirts of Shanghai are evolving multifunctionally, and solely focusing on agricultural
production is no longer the most viable livelihood option in Shanghai’s rural areas.

The rural area in Guangdong Province is relatively vast, and the issues therein are
more intricate. Rural areas close to the Greater Bay area of the Pearl River delta have been
rapidly urbanized over the past few decades. Research by Choy et al. [62] indicates that
Shenzhen, situated near Hong Kong, was an agricultural county with an urban built-up
area of merely 3 square kilometers in 1980. By 2010, it had transformed into a metropolis
with an urban built-up area of 703 square kilometers, with most of its land transitioning
from agricultural to industrial use. In contrast, areas far from the Greater Bay Area, due
to labor shortages and high transportation costs, exhibit significant land abandonment
phenomena. Su et al. developed an algorithm based on phenology and time series and,
after analyzing satellite imagery from Google Earth Engine, highlighted that abandoned
lands in Guangdong Province have consistently measured around 500,000 hectares. Post-
2000, due to the rapid urbanization of Guangdong, the rate of land abandonment has
been increasing yearly [63]. In 2021, the Guangdong provincial government announced
a cultivated land area of 28,480,000 mu, equivalent to 1,898,667 hectares, with a land
abandonment rate reaching 26%. Studies by Hou et al. [64] reveal that land abandonment
exists in other areas and that the rate of abandonment is directly proportional to the distance
from urban settlements.

Loss of young labor, high land-use costs in areas close to cities, and elevated land
abandonment rates in areas distant from cities have profoundly impacted the agricultural
economic efficiency of developed provinces and cities like Shanghai and Guangdong. This
further substantiates the hypothesis of this paper: when undertaking regional economic
research in specific areas, one should not solely rely on empirical judgments. Identifying
regions that are advanced and those that are lagging, and distinguishing between them
through judicious assessment methods, is a prudent approach.

5.2. China’s Agricultural Economy Does Have a “Mezzogiorno Trap” for the Period 2015–2021

Based on the data displayed in Table 4, we take the mean TGR value of Group 1,
representing the more advanced agricultural economy, and subtract the mean TGR value
of Group 3, representing the less advanced agricultural economy. The resulting difference,
which we term “Performance Gap Difference” (PGD), stands for the gap between the
advanced and less advanced groups in China’s agricultural economy. The larger the PGD
value, the larger the gap. The change in the PGD of China’s agricultural economic efficiency
from 2015 to 2021 is depicted in Figure 3.

Figure 3. Trend Graph of Chinese Agricultural Economy PGD from 2015 to 2021.
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As depicted in Figure 3, the PGD rapidly increased from 2015 to 2017, a period
just prior to the introduction of the “Rural Revitalization Strategy”. This widening gap
was between provinces with high agricultural efficiency and those with lower agricultural
efficiency. After the Chinese government proposed the comprehensive “Rural Revitalization
Strategy” in 2018, the PGD markedly decreased by 2020. However, by 2021, the PGD started
to increase again.

The changes in PGD alone are not sufficient to substantiate the presence of the “Mez-
zogiorno Trap” in China’s agricultural economy. As we previously discussed, the changing
circumstances of external aid or investments typically provide compelling evidence for the
“Mezzogiorno Trap”. We chose to compare the changes in support from the government
with the trends in PGD.

For this purpose, we specifically analyzed the government’s fiscal support for the
agricultural economy from 2015 to 2021. We consider the proportion of expenditure on
agriculture, forestry, and water by the governments of each province in their general public
budget expenditure during the same period as the degree of agricultural financial support
(DAFS). Its expression is:

DAFS =
Expenditure for Agriculture, Forestry and Water Conservancy

General Public Budget Expenditure

The changes in DAFS from 2015 to 2021 are depicted in Figure 4.

Figure 4. Trend Graph of Chinese Agricultural Economy DAFS from 2015 to 2021.

For easy comparison, we multiplied the DAFS for the years 2015–2021 by 5, and
displayed it together with the PGD for the same period in Figure 5. It can be observed
that whenever DAFS peaks, the PGD is at a lower level, as evidenced in 2015 and 2020.
Conversely, when DAFS dips, PGD rises, as shown in 2017 and 2021. In particular in 2021,
we speculate that due to the financial burden brought by COVID-19, DAFS experienced
a downturn, leading to an immediate increase in PGD from its continual decline. Such
fluctuations reveal a very typical “Mezzogiorno Trap”.

In summary, based on our assessment, during the period 2015–2021, the agricultural
economic efficiency in China exhibited a clear “Mezzogiorno Trap” for the following reasons:

1. Significant disparities exist between agriculturally lagging regions and agriculturally
advanced regions.

2. This disparity remains relatively stable. While the magnitude of the gap may fluctuate,
the composition of the lagging and advanced areas remains largely unchanged.

3. This gap correlates with variations in governmental support. When support intensifies,
the disparity narrows. Conversely, as support diminishes, the gap widens.
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Figure 5. Combined trend graph of PGD and DAFS in Chinese agricultural economy from 2015
to 2021.

This dependence on fiscal support represents the most problematic aspect of the
“Mezzogiorno Trap”, largely due to the myopic perspective of certain policymakers. These
administrators often formulate policies based on simplistic cause-and-effect relationships:
subsidies are provided because of poverty, and once these subsidies are dispensed, various
metrics immediately improve, leading them to believe that the issue has been resolved. In
reality, structural disparities persist, and irrational or excessive subsidies can have severe
repercussions, potentially exacerbating the “Mezzogiorno Trap”.

McRae’s research suggests that subsidies directed towards lagging areas often struggle
to be effective due to poor infrastructure [65]. Dvouletý et al. discovered in their study of
the Czech food industry that while public subsidies did indeed enhance firms’ productivity
in the short term, they had a negative impact on total factor productivity (TFP) [66]. Šipikal
et al., in their examination of the European Union’s regional policies, found that 35% of
public subsidies constituted “deadweight” [67]. Research by Tsiouni et al. into Greece’s
livestock industry revealed that Greek goat farms have developed a significant dependency
on government subsidies, with profitability becoming virtually non-existent in the absence
of such aid [68].

5.3. Analysis of the Causes of “Mezzogiorno Trap”

As previously analyzed, there is a certain correlation between PGD and DAFS. How-
ever, DAFS is not the sole cause of PGD. We grouped the DAFS of the 31 provinces and
compiled them into Table 7 and Figure 6. Figure 6 distinctly illustrates that the DAFS of
provinces and cities in Group 3 is not the lowest. Throughout all the years, the gray bars
representing the mean DAFS for Group 3 are consistently higher than the orange bars for
Group 2.

Table 7. Average values table of DAFS groupings in China from 2015 to 2021.

DAFS of Group 1 DAFS of Group 2 DAFS of Group 3

2015 0.126519343 0.110671251 0.116122018
2016 0.132630976 0.110073457 0.119074741
2017 0.122422637 0.110352681 0.114762524
2018 0.124583928 0.111795782 0.121278352
2019 0.131714679 0.107610036 0.12401321
2020 0.130910846 0.109419802 0.12523234
2021 0.116297515 0.104905896 0.116010143
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Figure 6. Mean DAFS values by group for the period 2015–2021.

We have reorganized the data from Table 4 into Figure 7. A comparison between
Figures 6 and 7 provides a clearer visualization: throughout all years, the mean TGR of
Group 3 is consistently lower than that of Group 2, while the DAFS values are consistently
higher. This suggests that despite receiving more substantial fiscal support, the agricultural
economic efficiency of the provinces and cities in the relatively lagging Group 3 remains
inferior to that of Group 2. Fiscal support intensity is not the sole reason for the lower
agricultural economic efficiency observed in Group 3.

Figure 7. Mean PGD values by group for the period 2015–2021.
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Therefore, to further probe into the causes, we continue employing the DEA method.
Given that the meta-frontier SBM model cannot be directly decomposed into pure technical
efficiency and scale efficiency, we additionally constructed an SBM-DEA model for the
agricultural economic efficiency of the 31 provinces from 2015 to 2021 and organized the
results as shown in Table 8.

Table 8. Summary table of SBM Model for Chinese agricultural economy from 2015 to 2021.

Number of
Provinces
with Crste
Values of 1

Number of
Provinces
with Vrste
Values of 1

Number of
Provinces
with Scale
Values of 1

Number of
Provinces
with DRS

Number of
Provinces
with IRS

2015 8 17 8 10 13
2016 10 17 10 11 10
2017 8 16 9 12 10
2018 8 16 8 12 10
2019 6 15 6 12 12
2020 8 15 7 14 9
2021 5 14 5 15 11

Table 8 reveals a noticeably larger number of provinces reaching DEA effectiveness
in pure technical efficiency than in scale efficiency. This suggests that scale inefficiency
is the primary reason behind insufficient agricultural economic efficiency. In light of our
grouping of the 31 provinces, we organize the pure technical efficiency and scale efficiency
of each group into Table 9. In Group 2, most provinces reach DEA effectiveness in pure
technical efficiency. For the more lagging provinces in Group 3, nearly all fail to reach DEA
effectiveness in both pure technical efficiency and scale efficiency.

Table 9. Summary table of pure technical efficiency and scale efficiency groupings of SBM Model for
Chinese agricultural economy from 2015 to 2021.

Number
of Scale

Efficiency
Scores of 1
in Group 1

Number
of Scale

Efficiency
Scores of 1
in Group 2

Number
of Scale

Efficiency
Scores of 1
in Group 3

Number
of Pure

Technical
Efficiency
Scores of 1
in Group 1

Number
of Pure

Technical
Efficiency
Scores of 1
in Group 2

Number of
Integrated
Technical
Efficiency

Scores of 1 in
Group 3

2015 6 2 0 9 7 1
2016 8 2 0 9 7 1
2017 8 0 0 9 6 1
2018 7 1 0 9 6 1
2019 6 0 0 9 5 1
2020 7 1 0 8 6 1
2021 5 0 0 8 8 1

From Table 9, it can be inferred that the primary reason for the “Mezzogiorno Trap” in
China’s agricultural economy is the lower scale efficiency, a common issue for provinces
and cities in both Group 2 and Group 3. A defining characteristic of China’s agricultural
production is the fragmentation of farmlands and the dominance of small-scale subsistence
farms. This emerged as a consequence of transitioning from the People’s Communes to
the Household Responsibility System, leading to significant structural issues in agricul-
tural production, as substantiated by several studies [69,70]. Additionally, as previously
analyzed, provinces and cities in Group 3, such as Shanghai and Guangdong, are bur-
dened with challenges including labor shortages, high labor costs, elevated land use costs,
serious land fallow issues, and high capital costs [71,72]. On the other hand, provinces
with generally lagging economies like Tibet and Gansu are confronted with harsh natural
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environments, outdated infrastructure, and significant labor outflows [73,74]. Hence, for
these provinces, enhancing efficiency through scaling proves to be a significant challenge.

Based on the SBM model from 2015 to 2021, provinces and cities in Group 3 with
increasing returns to scale [20] and decreasing returns to scale (DRS) are compiled into
Table 10. From Table 10, it is evident that the returns to scale status of most provinces
and cities remain relatively stable. Shanxi, Shanghai, Tibet, and Gansu consistently exhibit
decreasing returns to scale, whereas Hebei, Anhui, Henan, Guangdong, and Yunnan
consistently demonstrate increasing returns to scale. Only Jilin and Jiangxi have shown
some fluctuations over the period. This indicates that the deficiencies in scale efficiency for
provinces and cities in Group 3 are persistent and relatively consistent.

Table 10. Summary table of scale returns groupings of SBM model for Chinese agricultural economy
from 2015 to 2021.

2015 2016 2017 2018 2019 2020 2021

Hebei DRS DRS DRS DRS DRS DRS DRS
Shanxi IRS IRS IRS IRS IRS IRS IRS

Jilin IRS IRS IRS IRS IRS DRS DRS
Shanghai IRS IRS IRS IRS IRS IRS IRS

Anhui DRS DRS DRS DRS DRS DRS DRS
Jiangxi DRS DRS CRS CRS IRS IRS IRS
Henan DRS DRS DRS DRS DRS DRS DRS

Guangdong DRS DRS DRS DRS DRS DRS DRS
Yunnan DRS DRS DRS DRS DRS DRS DRS

Tibet IRS IRS IRS IRS IRS IRS IRS
Gansu IRS IRS IRS IRS IRS IRS IRS

Furthermore, Table 9 also indicates a significant deficiency in pure technical efficiency
among the provinces and cities in Group 3, with only Tibet achieving DEA efficiency. The
lack of pure technical efficiency is the primary reason for the gap between Group 3 and
Group 2. Pure technical efficiency reflects factors in agricultural production beyond scale,
including management expertise, agricultural science and technology, capital efficiency,
sales, deep processing of agricultural products, and so on. Only by achieving a high level
in these areas can inputs be efficiently transformed into outputs. The discrepancy in pure
technical efficiency also elucidates why Group 2 provinces and cities have lower DAFS than
Group 3; however, their overall agricultural economic efficiency is higher than Group 3.

In conclusion, the “Mezzogiorno Trap” in China’s agricultural economy has multi-
faceted causes. In the short term, improvements in areas such as agricultural science and
technology and management levels might yield noticeable results, narrowing the gap with
Group 2. However, a fundamental resolution to the issue will likely necessitate challenging
adjustments in scale.

5.4. Trend of Overall Agricultural Economic Efficiency Development in China from 2015 to 2021

In our prior analysis on the existence of the “Mezzogiorno Trap” in Chinese agricul-
ture, we constructed SBM models for 31 provinces over multiple years and performed
a thorough evaluation. From Table 7, it appears that the overall technical efficiency of
Chinese agricultural economics is declining, as the number of provinces achieving DEA
efficiency decreases each year. However, SBM models provide a relative description of
the agricultural economic efficiency of 31 provinces at a certain time, and models from
different periods cannot be directly compared. Utilizing the same data and input–output
variables, we constructed an SBM Malmquist index model for 31 provinces from 2015 to
2021, adopting an adjacent benchmarking pattern. We obtained results for six periods,
which are consolidated and presented in Table 11.
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Table 11. Summary table of SBM-Malmquist index model for China’s agricultural economy from
2015 to 2021.

Number of Provinces
with Effch > 1

Number of Provinces
with Techch > 1

Number of Provinces
with Tfpch > 1

2015–2016 7 27 28
2016–2017 3 29 19
2017–2018 7 31 31
2018–2019 14 31 31
2019–2020 13 31 30
2020–2021 6 31 31

A Tfpch (total factor productivity change index) greater than 1 indicates an enhance-
ment in economic efficiency for the given period. Based on Table 11, when Tfpch values are
summarized in Figure 8, it becomes evident that, during various time intervals, the number
of provinces and cities with a Tfpch greater than 1 only reached its lowest in 2016–2017 with
a figure of 19. This suggests that during that year, only 19 provinces and cities achieved
progress in total factor productivity. In other periods, the number of provinces and cities
with a Tfpch greater than 1 ranged from 28 to 31. Notably, in 2019 and 2021, the agricultural
economy of China might have been severely impacted by the COVID-19 pandemic. The
SBM static model, as depicted in Table 7, shows that only six and five provinces and cities,
respectively, achieved DEA efficiency during these years. However, Figure 8 demonstrates
that 30–31 provinces and cities had a Tfpch exceeding 1 during these intervals.

Figure 8. Number of provinces in China with an agricultural Tfpch > 1 from 2015 to 2021.

In fact, the SBM model and the SBM-Malmquist model are not contradictory; they
have different reference sets. The SBM model calculates the relative efficiency for a specific
year using cross-sectional data from that year as its reference set. In contrast, the Malmquist
index model computes the productivity index based on panel data from various periods.
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When assessing the trend of production efficiency, the SBM-Malmquist index model should
be used as the benchmark.

From the perspective of the SBM-Malmquist index model, the overall development
trend of China’s agricultural economic efficiency is consistently improving. This trend does
not contradict the existence of the “Mezzogiorno Trap”: even if the agricultural economic
efficiency of less developed provinces is improving, if the rate of improvement lags behind
that of more advanced provinces, the gap will continue to widen. This scenario further
underscores the subtle nature of the “Mezzogiorno Trap”. Even if the overall level of the
agricultural economy is on the rise, the trap can still persist or even expand in a concealed
manner. Managers and policymakers might overlook the existence of the “Mezzogiorno
Trap” due to the overall improvement in agricultural economic efficiency.

Tfpch is the product of Effch and Techch. Summarizing the Effch and Techch from
Table 11 into Figure 9, it is evident that most provinces, including those from Group 2 and
Group 3, exhibit a significant shortfall in Effch (represented by the green bars). This is a
primary factor contributing to the lower values of Tfpch. This aligns with the findings
from the SBM model decomposition: the less developed provinces in China’s agricultural
economy generally suffer from structural issues and require profound industrial structural
reforms to enhance scale efficiency.

Figure 9. Number of Chinese provinces with agricultural Effch > 1 and Techch > 1 from 2015 to 2021.

The continuous improvement in China’s agricultural economic efficiency may render
the “Mezzogiorno Trap” more concealed. Some policymakers might be contented with the
present achievements, overlooking the structural adjustments with less evident short-term
results, thereby failing to address the core of the “Mezzogiorno Trap”. However, from an
optimistic perspective, the ever-increasing agricultural economic efficiency will eventually
aid in ameliorating the “Mezzogiorno Trap”: if challenges are identified in a timely manner,
the upward development trend provides a broader array of solutions to address the issue.
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6. Conclusions, Recommendations, and Shortcomings

6.1. Conclusions

The primary objective of this study is to investigate the existence of the “Mezzogiorno
Trap” in China, focusing specifically on the agricultural sector. Based on the results and
discussions presented in the preceding sections, we have formulated several conclusions:

1. This paper introduces a methodology tailored for investigating the “Mezzogiorno
Trap”, particularly within specific industries. Initially, a quantitative analysis is
employed to identify underperforming regions. As an example, the super-efficiency
SBM model is adopted in this paper to rank and categorize the subjects under study.
Subsequently, the disparity between lagging and advanced regions is examined,
exemplified in this research by the deployment of a meta-frontier SBM model to
compute PGD values. Factors influencing these disparities are then scrutinized to
ascertain the presence of the “Mezzogiorno Trap”. In this context, a comparative
analysis between PGD and DAFS values is utilized to discern additional characteristics
of the trap.

Compared to other methodologies, this approach offers an enhanced lens to study
the “Mezzogiorno Trap” within specific sectors. Such sectors’ regional variations can
often be overshadowed by overarching economic differences, thereby inducing biases
for researchers. Take, for instance, the agricultural economy focused on in this paper.
There exists a pronounced discrepancy between agricultural efficiency and the overall eco-
nomic standing across Chinese provinces and cities. Some of the economically flourishing
provinces paradoxically rank low in terms of agricultural efficiency. Sole reliance on re-
gional economic performance or geographical location for classifying regions as advanced
or lagging can lead to substantial inaccuracies, which in turn can significantly impact
policy formulation.

Common pitfalls may include excessive enhancement of support levels, engender-
ing a dependency in regions ensnared by the “Mezzogiorno Trap”, which is manifestly
counterproductive for fully addressing the underlying issues of the trap. Research by
Tsiouni et al. [68] illustrates this phenomenon, demonstrating that goat farms in Greece
become unsustainable in the absence of governmental subsidies. Furthermore, this depen-
dency is not limited to a single sector but is pervasive across various fields. For instance,
Wang et al. investigated China’s new energy vehicle industry [75] and discovered a sig-
nificant negative impact of subsidies on firms’ financial performance during the period
2009–2018, requiring structural adjustments for mitigation.

2. Utilizing this approach, we identified the presence of the “Mezzogiorno Trap” in
China’s agricultural economy from 2015 to 2021. Even during periods characterized by
consistently rising overall economic levels, this methodology effectively detected the
existence of the “Mezzogiorno Trap”. Integrating findings from the SBM-Malmquist
index model for the same years, we further corroborated the covert nature of the
“Mezzogiorno Trap”: even when the overall economic efficiency is on an uptrend, the
trap persists and is easily overlooked.

3. Through the decomposable DEA-SBM model, integrated with the unique characteris-
tics of agricultural production, we posit that the primary reason for the “Mezzogiorno
Trap” in China’s agricultural economy is the insufficiency in scale efficiency. This lack
of scale efficiency is not only evident in provinces and cities with relatively lagging
agricultural economic efficiency but is also prevalent among those with a moderate
performance. Additionally, provinces and cities with a lagging agricultural economic
efficiency exhibit deficiencies in pure technical efficiency, marking a significant differ-
ence from other regions. The issue of low scale efficiency is a common challenge faced
by developing countries, often attributable to an imbalanced industrial structure, as
demonstrated by the research conducted by Karimov et al. [76].

4. Fundamentally, regions mired in the “Mezzogiorno Trap” suffer from outdated indus-
trial structures, inferior infrastructure, subpar technological standards, inefficiencies
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in capital utilization, and talent deficiencies, among others. The gaps present in these
areas cannot be fully bridged solely through basic support policies such as financial
subsidies. When such support wanes, the disparities swiftly widen once more.

6.2. Recommendations

1. Maintaining support strength, including fiscal support, is crucial for resolving the
“Mezzogiorno Trap”. Data analysis reveals a certain correlation between strong sup-
port and the “Mezzogiorno Trap”, and prematurely weakening support could widen
the gap. Several studies have likewise highlighted the significance of government sup-
port, including Mutlu’s study on Japan’s regional economic differentiation [77], Das
et al.’s research on the Indian regional economy [78], and Chen et al.’s studies on re-
gional differences in China and Henan Province’s agricultural economy [22,79]. These
studies show that government support is a material basis and necessary condition for
resolving regional differences.

2. However, the essence of addressing the “Mezzogiorno Trap” hinges on structural
adjustments tailored to the realities of underdeveloped regions. Fiscal subsidies from
the government must be dispensed judiciously; sheer direct capital allocations may
inadvertently yield adverse consequences. Integrating the findings from this paper,
the primary strategy for China to rectify its agricultural economic “Mezzogiorno Trap”
centers on enhancing scale efficiency. Predicated on the characteristics of agricultural
production, the emphasis on boosting scale efficiency necessitates a prudent reshaping
of the industrial structure, specifically in Group 3 and Group 2 provinces and cities,
representing immediate challenges to address.

For provinces evidently mired in the “Mezzogiorno Trap”, a rational approach would
involve conducting research and analyses tailored to the specific circumstances of these
underdeveloped regions, thereby formulating long-term, detailed, and targeted policies.

For Group 3 provinces in the western region where educational levels are low, it is
advisable to allocate a portion of financial subsidies towards the attraction and cultivation
of agricultural talent, as demonstrated in studies by Démurger et al. [80] and Hitka and
Ližbetinová [81]. For provinces with insufficient infrastructure, a portion of the funding
could be allocated towards less immediately impactful infrastructure projects, as illustrated
by Bhatia [82].

For rural areas surrounding Shanghai, enhancing the role of value-added agricultural
processing industries through clustering could be more effective. In Guangdong, the initial
focus might be on how to efficiently utilize the currently fallow land.

In the long run, these targeted interventions are likely to yield better outcomes than
simply disbursing subsidies, serving to fundamentally address the “Mezzogiorno Trap”.

In summation, while sustaining supportive measures, a gradual transition of some
direct monetary subsidies to funds dedicated to industrial structural adjustments can act
as a catalyst for the industrial evolution in lagging regions. Policymakers need not be
overly apprehensive about diminishing subsidies’ impact on economic efficiency. As found
in the study by Yang et al. examining Jilin province’s corn procurement policy shift [83],
post-2016, the government annulled the protective purchasing subsidies for corn, ushering
in a marked escalation in its marketization level. The agricultural economy exhibited robust
performance, manifesting commendable adaptive resilience within the new policy milieu.

3. Our preceding analysis indicates that enhancing pure technical efficiency is crucial
for provinces entrapped in the “Mezzogiorno Trap”. Pure technical efficiency can
be understood as the exclusion of scale-related factors, capturing elements such as
technological advancement, managerial improvement, and increased capital efficiency.
These distinctions underscore the fundamental differences between modern and
traditional agriculture, further highlighting the urgency for industrialization within
China’s agricultural sector.
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It is noteworthy that, compared to Group 2 provinces which have higher TGR averages,
the financial support towards agriculture is more pronounced in Group 3 provinces. This
suggests that elevating the pure technical efficiency of agriculture in Group 3 provinces
to a DEA-efficient level would significantly alleviate the fiscal pressure engendered by
agricultural support measures. Such an approach would be highly beneficial in addressing
the “Mezzogiorno Trap” faced by these provinces.

4. Advanced provinces should take measures to assist less-developed provinces. Provinces
in Group 3 should look to their counterparts in Group 1 for the adoption of advanced
agricultural technologies and more efficient policies for agricultural industrialization.
This would substantially contribute to the improvement of both pure technical effi-
ciency and scale efficiency. In fact, enhancements in pure technical efficiency and scale
efficiency are not mutually exclusive. Due to constraints such as land, climate, and
water resources, agricultural production cannot simply optimize through arbitrary
expansion or contraction of its scale. Advanced provinces often operate within more
efficient production cycles, characterized by robust technological innovation, compre-
hensive policy formulation, and timely evaluation systems. These best practices offer
valuable lessons for provinces that are lagging behind.

5. Provinces in Group 3 should pay particular attention to the heterogeneity of agricul-
tural economies across different regions when formulating localized policies. This
notion of diversification has been emphasized in earlier sections. For economically
advanced regions like Shanghai and Guangdong, the focus should be on precision
agriculture and the corporatization of agriculture. In contrast, less developed regions
such as Gansu and Tibet should explore additional revenue streams. For instance,
Gansu, which is predominantly characterized by desert and barren landscapes, has
made notable strides in the development of solar and wind energy as well as agro-
photovoltaic complementation. Recent studies indicate that these initiatives offer
opportunities for ameliorating regional disparities [84,85].

6.3. Shortcomings and Improvements

The “Mezzogiorno Trap” reflects an unbridgeable disparity between advanced and
less developed regions. However, the data envelopment analysis (DEA) approach assesses
relative efficiency, implying perpetual disparities in the DEA model, which can potentially
hinder the judgement of the “Mezzogiorno Trap”. When determining the “Mezzogiorno
Trap” based on the DEA method, we introduced additional supporting evidence, making
the assessment process somewhat complex.

There are certainly simpler alternatives. For instance, ranking the overall efficiency of
the agricultural economy across different years and comparing the ranking results. If the
rankings vary greatly across different years, it suggests that the relative efficiency of each
region is constantly changing, with no clear distinction between advanced and backward
regions. This could suggest an apparent absence of the “Mezzogiorno Trap”.

However, this method is only suitable for eliminating the possibility of the “Mezzo-
giorno Trap”, but insufficient to affirm its existence. Additionally, it is not conducive to
subsequent quantitative analyses and examinations of influencing factors. Nevertheless, as
part of other agricultural economic research, it appears more succinct.

In terms of studying the influencing factors of the “Mezzogiorno Trap”, this paper
primarily conducted a comparative analysis with the disparities in fiscal support. We are
seeking better ways to establish a more comprehensive “Mezzogiorno Trap” model and
introducing more extensive correlation analyses, thereby proposing a broader range of
feasible recommendations.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agriculture13091806/s1, Table S1: Data Source: Panel Data on
Agricultural Economy across 31 Provinces in China, 2015–2021.
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Abstract: Objective: Stakeholders—farmers from four different European areas (Campania (IT),
Kujawsko-Pomorskie (PL), Limburg (NL), Andalusia (ES))—are asked to share, from the OPERA
project, their opinions on five criteria that all aim at improving the use of irrigation advisory services
(IASs). Each criterion has different characteristics that affect the way farmers rank it. The present
study has two objectives. The first is to individuate the priorities of the preferences expressed by the
stakeholders. The second objective is to carry out a ranking of the weights of the criteria by case study,
ranking the groups and their associated properties among farmers’ profiles. Methods: The answers to
120 questionnaires dispensed to the future users of IASs in the four agricultural sites were analyzed
in detail, and then the given priorities were evaluated through the analytic hierarchy process (AHP).
The AHP methodology was used to determine the relative weights of the five assessment criteria,
and finally, to select the one with major value. Results and conclusions: The results show that A5
(assuring economic sustainability) was the most important criterion. The contributions provided
by this study are twofold: Firstly, it presents an application of a methodology that involves the
conversion of a linguistic judgement of farmers in a correspondence weight. Secondly, it tackles
decision making regarding improving the use of IASs, evaluating the preferences expressed by
the stakeholders. Irrigation advisory services can play a key role in assisting users to adopt new
techniques and technologies for more efficient water use and increased production.

Keywords: multicriteria decision analysis; AHP; irrigation advisory services; agricultural decision
making; economic sustainability

1. Introduction

The interest in promoting a form of agriculture capable of adapting to climate change
has made the management of water resources one of the key points in the reform of the
CAP 2023–2027 [1]. As a matter of fact, “Foster sustainable development and efficient man-
agement of natural resources such as water, soil, air” and “Fostering knowledge, innovation and
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digitalisation in agriculture” have been designated as two of the ten new strategic objectives
of the new CAP 2023–2027. In order to pursue more efficient and sustainable water use,
EU countries are called, among other things, to encourage research and innovation in
the sector by the implementation of “smart irrigation” technologies. An efficient use of
water for irrigation is a priority driven by the evidence that many areas in the Mediter-
ranean region suffer structural water scarcity, imposed by the periodic droughts and by
the expansion of water demands of agriculture and other sectors of society [2]. With the
advancement of climate change, higher temperatures, and changing precipitation pat-
terns, the demand for water by the agricultural sector has increased. It has started to
affect not only areas where irrigation has always been an essential element of agricultural
production (southern Europe) but also areas traditionally considered not irrigated, such
as some areas of central and northern Europe. In this context, the EU research project
OPERA—“Operationalizing the increase of water use efficiency and resilience in irri-
gation”, http://opendata.waterjpi.eu/dataset/2a2a87e0-5c84-42cd-a9da-ecac0bbb9257/
resource/1b07850f-c7e8-4a0d-86c8-180ff3e1bae5/download/d5.1_inception_report_opera.
pdf (accessed on 24 July 2023) is a program financed under ERA-NET, which is part of
Water JPI. Water JPI aims to tackle the challenge of “achieving sustainable water systems for
a sustainable economy in Europe and abroad”. Within the context of a sustainable economy,
OPERA focuses on the sustainable management of water resources in agriculture and
the use of irrigation advisory services (IASs), and thus, intelligent irrigation systems that
provide information to a large number of farmers have become useful tools for irrigation
programs. The issue is not new, and extensive research and investments have been made to
develop more advanced methods and practices to accurately provide water to the crops
based on their needs.

Technological advances in IASs continue to increase rapidly [3–9]. Along with it, the
behavioral and socio-economic determinants of farmers for the adoption of these efficient
irrigation technologies are also evolving. The success of these technologies can be supported
by the integration of stakeholders’ needs in the design of IASs [10,11].

Nevertheless, the literature on the subject appears to be poor in case studies focused
on identifying the needs of farmers, who are the end users of IASs.

There is still a significant disparity between the availability of technologies for efficient
water usage and the acceptance of these technologies. One of the reasons is the lack
of emphasis on establishing an efficient support system to aid farmers in adopting and
effectively operating new techniques and technologies. Through four case studies in the
EU context, this paper will address the following questions:

• How can OPERA cope with these issues while taking into consideration the feedback
obtained from the stakeholders’ answers and making use of the current AHP analysis?

• Are there any spatial differences or correlations among the criterion improvements
selected by the stakeholders?

• Which of the criteria seem to have major weight according to the stakeholders?

This study is organized into six sections: Sections 1 and 2 describes the background
research, general area of interest, and the topic of focus; Section 3 presents the study areas
chosen for the research activity and the data and research methodology; in Sections 4
and 5, the research results and discussions are presented; and, finally, in Section 6, the main
conclusions and future research design are reported. Within this framework, the application
of AHP demonstrates that a multi-criteria problem can be approached specifically for each
case study. Nevertheless, an overall result involving all study areas can be achieved. One
of the advantages of the AHP method is to support both individual and group decision-
making processes not only with a quantitative but also a qualitative approach. Since the
1990s, there has been a growing number of studies applying the AHP to deal with decision-
making problems in agriculture [12–23]. From these works, the utility of the AHP has arisen
for understanding heterogeneous farming systems and how farmer behavior is needed for
tailoring policy instruments. Against an agricultural water management background, it
also helps to share these frontiers for more efficient, equitable, and sustainable outcomes.
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2. Background

Irrigation Advisory Services

Several factors determine the quantity of irrigation water employed in agriculture,
ranging from the variety of crops and cultivation approaches to soil properties and the
irrigation method, among others. Hence, agriculture itself presents prospects for improved
water administration and conservation, encompassing both conventional farming practices
and innovative agricultural technologies. Among the latter, irrigation decision support
systems (DSSs) can assist farmers in making informed decisions, leading to enhanced
profitability by optimizing water usage and ensuring maximum crop yield in a particular
growing season. These systems are primarily designed to simulate or forecast crop water
requirements, presenting a range of choices. Under this scenario, irrigation advisory
services (IASs) are considered a useful DSS to help farmers achieve the best efficiency in
irrigation water use and to increase their incomes by obtaining the highest possible crop
yield. Irrigation advisory services are a set of activities that aim to provide technical and
professional support to farmers and agricultural operators in the management of cropland
irrigation. In recent decades, the research has focused on investigating new IASs tools,
which has contributed to the evolution of the performance capabilities of the services.
Nowadays, IASs can be implemented in a broad range of agricultural situations, and
they can easily be combined with several software programs. IASs are able to deal with
the following:

• Satellite-based irrigation volumes are able to perform a site-specific evaluation of
irrigation volumes, integrating remote sensing data with a geographic information
system (GIS) [24]. In some cases, the research has been focused on quantifying several
irrigation and drainage performance indicators with the support of a GIS.

• Development delivery data from a desktop application to via the web, considering
that the graphical user interface is a key element for the successful use of the services
(PlanteInfo, WIESE, IRRINET, BEWARE, ISS-ITAP, IrriSAT, IRRISAT) [25–27].

• Biophysical variables, surface soil water content, and canopy water content; for exam-
ple, some studies have been inquiring about how to estimate separately determine soil
evaporation and crop transpiration [28–30].

• In the context of remote-sensing tools, some studies have been carried out as a part of
the project DEMETER (Demonstration of Earth observation technologies in routine
irrigation advisory services), which deals with the transmission of personalized irriga-
tion scheduling information to the users, related to an extended period of time (e.g.,
on past, present, and future weather) [31].

• Some studies have investigated the idea of an IAS tailored to the distinct circumstances
of farmers. The findings indicate distinct farmers’ inclinations, particularly for obtain-
ing weather predictions from the service and for the characteristics associated with
water data registration [32,33].

As indicated above, the research has made notable steps forward, progressing in the
technical aspects at the basis of DSS programming for irrigation, and has made the use of
IASs more and more efficient. It has also made the use of these tools applicable in various
agricultural contexts.

The strengthening of the aspects of the research activity mentioned above deserves to
be further investigated to understand the judgment of the end users and their needs, with
the aim of favoring the implementation of IASs in the management of water resources in
the field.

3. Materials and Methods

3.1. Study Areas

The analytic hierarchy process (AHP) is a general theory of measurement [34], and
it has been used in the present study to analyze the verbal judgments of IASs end users

98



Agriculture 2023, 13, 1545

belonging to four different geographical areas: Italy, Netherlands, Spain, and Poland. The
characteristics of these regions are summarized below.

Campania (IT)—For this case study, 40 interviews were collected. The key stakeholders
featured in the sample interviews included not only farmers but also representatives from
the regional government, land and water reclamation authorities, farmer associations,
local policymakers, and legislators. The farm activity is focused on growing silage maize,
wheat, tomato, and other vegetables (such as peppers and beans). Additionally, 12%
of farmers in the area are engaged in cereal production and livestock rearing. Within
the project, the crucial investigation consisted of exploring the potential for adaptation
and addressing the needs of the end users, as well as identifying optimal approaches
for dynamically forecasting crop water requirements through the assimilation of remote
sensing observations and numerical weather predictions in a crop growth model.

In the Kuyavian-Pomeranian province (PL), 53 interviews were recollected. In this case
study, two demonstration areas were involved: the first one was located in the Zglowiaczka
River catchment in a small productive field, and the second one was located in the Upper
Notec River catchment in a big productive field. Vegetables are cultivated as well as
irrigated in both fields. Although this is a region of intensive agricultural crop production,
in an average year, it suffers concerning rainfall water deficits. The main issues affecting
these areas are water shortage in the growing season, the use of clean renewable deep
groundwater resources for irrigation, insufficient efficiency of water used for irrigation,
and the lack of an irrigation decision support system for farmers based on the current crop
water needs and weather forecasts.

Andalucía (ES)—Agriculture in the Mediterranean region is dealing with serious prob-
lems related to the present drought and the general scarcity of water resources, resulting
in an increasing water demand [35]. These difficulties are expected to worsen due to the
future predicted severe water scarcity in the Mediterranean area. Olive cultivation has been
chosen as a case study, as it is a crucial economic sector representing 24% of the value of
agricultural production in the Andalusia area. It covers an area of approximately 1.5 million
hectares (around 17% of the total region’s surface, accounting for 60% of the national surface
dedicated to olive crops and 30% of the European surface) and contributes to about 40% of
global olive oil production and 20% of global table olive production. Additionally, it is a
significant source of wealth and employment, supporting over 22 million wages annually. It
is also essential for social and territorial cohesion and possesses high environmental value,
shaping the Andalusian territory and culture. While some facilities and advice services are
available in this area, the current solutions have not been effectively implemented, leading
to unsatisfactory results.

Limburg (NL)—Seven interviews were collected in one of the less dry regions of
Northern Europe. Among the interviewed farmers, mobile irrigation (overhead sprinkling)
systems are in widespread use. Irrigation management is supported by weather forecasts
that anticipate crop water availability and by supplementary information through sensors
(local or remote). Water availability for irrigation in the Netherlands in previous years was
not a frequent concern. However, due to climate change, they encounter more drought
periods, and local water boards temporarily proscribe farmers from using surface water
and groundwater for irrigation. When this occurs more frequently in the foreseeable future,
an enhanced water supply will be necessary.

3.2. Data Collection
3.2.1. Identifying Respondents’ Profiles

As shown in Figure 1, this study was organized into a four-phase methodology. The first
step of the investigation was identifying the needs and demands of the users. Each case study
partner selected the particular stakeholders on the basis of the “Guidelines for analysis and
selection of stakeholders”. This approach is based on a “snowball sampling design”. Informa-
tion is available in the “D1.1 Assessment of user requirements of the sector” of OPERA at this
link: http://opendata.waterjpi.eu/dataset/2a2a87e0-5c84-42cd-a9da-ecac0bbb9257/resource/
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09d7444c-c5e2-4473-835b-9c28f27d20d3/download/d1.1_report_stakeholder_opera.pd (ac-
cessed on 24 July 2023). Identified and contacted stakeholders were asked to identify further
stakeholders, starting with the case study partners. The questionnaires were addressed to a
total of 120 farmers (users of IAS), distributed among the following study areas: Campania
(IT): 40; Limburg (NL): 7; Kujawsko-Pomorskie (PL): 53; and Andalusia (ES): 20.

  

Figure 1. Research methodology.
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3.2.2. Questionnaires

The questionnaire was structured into four sections. The first section was focused on
general interview information: activity, gender, age, educational level, farm’s location, farm
surface, farm management, cultivated crop, main irrigation systems, sales channels, etc.
Using this information, a database was developed. Phase two of the research (Figure 1) was
possible to realize, combining the outcomes of the AHP and the database analysis (Figure 1).
The above-mentioned information was important in order to group the weights of criteria
evaluated by the stakeholders and to reveal the inter-relations between the technical factors
expressed in the proposed questionnaires and the weights resulting from the employment
of the AHP.

Section 2 of the questionnaire was named “Improving water use efficiency and the
use of advisory services” and was related to the data that were analyzed by the AHP.
The farmers, regarded as stakeholders, expressed their preferences among a set of crite-
ria (Table 1), answering the follow question: “Compare criteria C1 and C5 using Saaty’s
scale 1–9. According to you, is C1 more important than C2, and by how much?” The
pairwise comparison at the core of the AHP methodology was inserted into the question-
naires and is discussed below. Section 3 of the questionnaire, named “Developing policies
and strategy suggestions for improving use of irrigation advisory services at farm level: an Italian
experience” included: (i) four questions related to the internal strengths that farmers could
come across when adopting IASs; (ii) the weaknesses that farmers may face when adopting
IASs; (iii) the opportunities arising for farmers when adopting IASs; and (iv) the threats to
companies when adopting such IASs. Finally, Section 4, named “Eliciting farmers’ individ-
ual risk attitude”, provided suggestions about the adoption of innovative tools proposed
by the OPERA project. These tools depend on the farmers’ subjective attitudes toward
taking risks. The questionnaires were translated from English into the native language of
each country.

Table 1. Description of AHP criteria.

Type of Criteria Description

C1. Improving easy access to information

Refers to the ease of access to information for
farmers, either through electronic information
(SMS, email, etc.), more traditional
communication systems, technical operators
and journals, newspapers, etc.

C2. Ensuring coherent data and data reporting.
Refers to the ability to implement an IAS based
on high-quality data, providing valuable
technical information to farmers.

C3. Improving delivery efficiency Refers to the ability to ensure prompt and
constant delivery of information to farmers.

C4. Improving private and public awareness

Refers to improving public awareness and
preparedness by informing the public about
the risks and consequences in case of excessive
use of water for irrigation related to
environmental and economic phenomena (e.g.,
water scarcity, conflict over use of water with
others economic sectors).

C5. Assuring economic sustainability
Refers to the cost of IAS, which should be
economically justified (i.e., economically
affordable).

3.3. Multi-Criteria Decision Analysis—Selection of the Analytical Hierarchy Process (AHP)

In the agricultural sector, the main problems that multi-criteria decision analysis
(MCDA) is facing are related to their evolution in terms of technological progress (equip-
ment, fertilizers, pesticides, new plant varieties, irrigation systems).
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This use of new production systems has been associated with an increase in the size and
degree of specialization of agricultural operations [36]. In the literature, several approaches
are proposed in the agricultural sector to assist decision makers, such as farmers and their
associations, policy makers, and local and regional authorities, to efficiently explore a range
of criterion farm management practices, and thus, identify pathways toward sustainability.

When criteria need to be classified into ordered classes, a sorting method has to
be applied, but much less attention has been paid to investigating this kind of problem,
especially in the case of multiple decision-makers asked to give subjective scores to different
criteria based on qualitative criteria.

The analytic hierarchy process (AHP) is an MCDA developed by Thomas L. Saaty in
the 1970s [34].

Considering the number of MCDA methods available (PROMETHEE, MACBETH,
ELECTRE, TOPSIS), as suggested by the literature [37–39], there are several methods to
choose an appropriate MCDA.

The decision to use the AHP in this work was guided by a series of drivers/reasons,
summarized as follows:

• Ratio scale and pairwise comparison: The fundamental process involves the comparison
of two stimuli, which are also referred to as alternatives, under a particular criterion
or two criteria. The decision maker was asked to determine if they were indifferent
towards the two stimuli or if they had a weak, strict, strong, or very strong preference
for one of them. Understanding this structure is more intuitive for the respondent and
facilitates stakeholder participation. The criteria analyzed in this study were identified
within the OPERA project, for which detailed information can be found at the follow-
ing link: http://opendata.waterjpi.eu/dataset/opera-operationalizing-the-increase-of-
water-use-efficiency-and-resilience-in-irrigation (accessed on 24 July 2023).

• Stakeholders: The AHP can support complex decisions in which several stakeholders
are involved, as in the case of the present study. The construction of the database
(areas, farm management, irrigation systems) demonstrates that different interest
groups are implicated [40].

• Software: The AHP is one of the most popular MCDA methods and is backed by
a large variety of software offering diverse data management and representation
capabilities [41].

3.4. Application of Analytic Hierarchy Process

The AHP comprises three principal operations, including hierarchy construction,
priority examination, and consistency analysis. In the present study, these steps were
carried out as shown in Figure 2 [42].

As mentioned above, the objective of the mathematical procedure is to estimate the
weights of five criteria from a matrix of pairwise comparisons A(aij)) generated following
both the transitivity rule and the reciprocity rule. The reciprocal condition or Axiom 1
defines that given two criteria (Ai,Aj) ∈ A × A, the intensity of preference of Ai over Aj is
inversely related to the intensity of preference of Aj over Ai.

Transitivity rule is:
aij = aik · akj (1)

Reciprocity rule is:

aij =
1
aji

(2)

where aij is the comparison of criteria i and j.
If we suppose that preferences (weights) pi are known, a perfectly consistent matrix

can be constructed because all of the comparisons aij satisfy equality:
If the preferences (weights) pi

aij =
pi
pj

(3)
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where pi is the priority of the alternative i, and the completely consistent matrix is:

A =

⎡
⎣

p1 /p1 · · · p1 /pn

. . . 1 . . .
pn /p1 · · · 1

⎤
⎦ (4)

 

Figure 2. AHP steps in the present study.

We can apply the following formula from the matrix above:

∑
j

pi
pj

·pj = npi (5)

Thus, the product of row i by the priority vector p gives n times the priority pi. By
multiplying all the elements of the comparison matrix A by the priority vector p, the
following equality is obtained:

A =

⎡
⎣

p1 /p1 · · · p1 /pn

. . . 1 . . .
pn /p1 · · · 1

⎤
⎦
⎡
⎣ p1

. . .
pn

⎤
⎦= n

⎡
⎣ p1

. . .
pn

⎤
⎦ (6)

The priorities (weights) of the compared criteria are not known in advance. As priori-
ties only make sense if derived from consistent or near-consistent matrices, a consistency
check must be applied. Several methods have been proposed to measure consistency [43,44]
Also, normalization plays a key role in obtaining meaningful results from AHP analysis.
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The functioning of the model is strictly related to pairwise comparison, involving the
level of criteria in the present study. The result of the pairwise comparison is expressed by
Saaty’s scale. The function in detail is as follows:

First, two criteria—A and B—are compared using the numerical scale ranging from
1 to 1/9 (Saaty’s scale), where number 1 means both criteria have the same importance, and
they are equal; number 9 means criterion A is 9 times more important than criterion B; 1/9
means that criterion B is nine times more important than criterion A.

Second, it is necessary to compare all elements pairwise with respect to the objective.
In the following step, the comparisons are arranged in a matrix. From this matrix, the
computed weights for the different criteria are generated.

In 1977, Saaty [45] proposed the consistency ratio (CR) to measure the reliability of
information contained in a pairwise comparison matrix:

CR =
CI
RI

This is a ratio of the consistency index (CI) and random index (RI), and it is given by
Relation (7)

CI =
λmax − n

n − 1
, (7)

where λmax is computed as

λmax =

(
∑j=1 a1j pj

)
p1

The CR provides a way of measuring how many errors were created when providing
the judgments; a rule-of-thumb is that if the CR is below 0.1, the errors are fairly small and
thus, the final estimate can be accepted. The first step for computing the CR is determining
the eigenvalue (λm), followed by determining the CI [46].

4. Results

The AHP was applied to guide a decision-making process, with the ultimate goal of
improving the use of IAS among farmers. The first results of the study demonstrate that
the most common decision was Assuring economic sustainability (C5), as shown in Table 2.

Table 2. Overall results of the four study areas.

Criteria Weights of Criteria Final Ranking

Evaluating Possible Adoption
Options of IAS

C1: Improving easy access to information 0.207 3
C2: Ensuring coherent data and data reporting 0.218 2
C3: Improving delivery efficiency 0.196 4
C4: Improving private and public awareness 0.148 5
C5: Assuring economic sustainability 0.231 1

There was heterogeneity among the farmers’ judgments, which involved a clear
difference in weights between the most important criterion and the criterion with a lower
weight. By looking at the distribution of the priority values (Table 2), the weights vary,
with a minimum weight of 0.15, attributed to criterion C4—Improving private and public
awareness, which refers to improving public awareness and preparedness by informing the
public about the risks and consequences in case of the excessive use of water for irrigation
related to environmental and economic phenomena e.g., water scarcity, conflict over the
use of water with other economic sectors. A maximum weight of 0.23 was attributed to
criterion C5—Assuring economic sustainability.

In the following stage, the weights were grouped according to the decision makers’
profiles. The next step was to relate the preferences expressed by the stakeholders and to
analyze the key information provided by the interviews. Subsequently, a mathematical
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aggregate of the weights of each criterion was calculated using the geometric mean method.
While this section is not intended to be an exhaustive account of all results of this work, it
aims to provide a broad picture of the most relevant results for each pilot area.

Campania (IT): The results show that the priority rankings of the group are quite
“flattened”, which may be partly due to the inconsistencies among the elements of the
pairwise comparison matrix (hinting at some randomness in the answers). Table 3 shows
that C5—Assuring economic sustainability and C4—Improving private and public awareness
are the most preferred options. The proposed grouping procedure can be used to discuss
some observations. The criteria weights of the Italian study site were compared to the
results obtained from the aggregate weight of the Netherlands pilot area. In both areas,
(Figures 3 and 4) farmers rear livestock as one of the main farm activities, which involves
growing feed crops. Among these samples, the farmers who grew grassland and ryegrass
preferred criterion C5—Assuring economic sustainability.

Table 3. Weights and ranks of criteria in the four study sites.

Andalusia (ES) Campania (IT)
Kujawsko-Pomorskie

(PL)
Limburg (NL)

Criteria Weights
Final

Ranking
Weights

Final
Ranking

Weights
Final

Ranking
Weights

Final
Ranking

C1 0.194 3 0.194 3 0.163 5 0.233 1
C2 0.177 4 0.177 4 0.209 3 0.194 3
C3 0.126 5 0.126 5 0.222 1 0.222 2
C4 0.196 2 0.196 2 0.185 4 0.089 5
C5 0.296 1 0.296 1 0.206 2 0.182 4

Figure 3. Weights of criteria grouped according to the crop production in the Netherlands.
C1—Improve easy access to information; C2—Ensure coherent data and data reporting; C3—Improve
delivery efficiency; C4—Improve public and private awareness; C5—Ensure economic sustainability.

Limburg (NL): The preference of the farms that have adopted surface irrigation was
C5—Assuring economic sustainability. As Walker argues, in his study published by FAO in
1980 [47], one of the advantages of surface irrigation is that these systems are inexpensive
to develop at the farm level. The control and regulation structures are simple, durable, and
easily constructed with cheap and readily available materials. The survey illustrates the
financial aspect, which is an important issue to be considered for designing and developing
water management strategies for farmers belonging to this profile. As shown in Figure 5,
farms that use sprinkler irrigation identified C1—Improve easy access to information as more
important. Among the three types of irrigation systems, these are the most sensitive to
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weather conditions. For example, strong winds can affect the efficiency of the spraying of
water from sprinklers.

Figure 4. Weights of criteria grouped according to the crop production in Campania (IT).
C1—Improve easy access to information; C2—Ensure coherent data and data reporting; C3—Improve
delivery efficiency; C4—Improve public and private awareness; C5—Ensure economic sustainability.

Figure 5. Weights of criteria grouped according to irrigation systems in Limburg (NL). C1—Improve
easy access to information; C2—Ensure coherent data and data reporting; C3—Improve delivery
efficiency; C4—Improve public and private awareness; C5—Ensure economic sustainability.

It appears evident that farmers who use this type of system are more interested in
information concerning remote detection and weather forecasting. According to this profile
of respondents, IASs will have to offer these services, which are of fundamental importance
to the farmers.

Kujawsko-Pomorskie (PL): Results in Table 3 show that the stakeholders preferred
C3—Improve delivery efficiency, which refers to the ability to ensure prompt and constant de-
livery of information to farmers. According to the results generated through the performed
surveys, the farmers’ expectations in the region are to obtain reliable information on the
actual meteorological and soil moisture conditions. They also expect to know when, how
much, and which crop should be irrigated. The above-mentioned need should be the main
feature of the IAS. However, if we analyze the weights by grouping them according to the
irrigation manager, it is evident that the most significant criterion for farmers who adopt
drip and sprinkler irrigation is C5—Assuring economic sustainability. The long-term viability
of drip irrigation also depends on its economic sustainability. Despite the potential increase
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in water use efficiency and yield, the system also needs to generate higher income to be
popular among farmers [4].

Andalucía (ES): The respondents from the Andalucia study site were all olive farmers.
There were no farmers with diversification of production in the sample. The final ranking
shows that, according to the stakeholders’ judgments, C2—Ensure coherent data and reporting
are priorities, was a criterion with a higher weight (Table 3).

5. Discussion

In the present study, there were a few limitations in the application of the AHP. It
is worth noting that these priority rankings based on the collected data are, at times,
quite flattened. As previously mentioned, one of the possible causes attributed to the
homogeneity of the weights could be the inconsistencies in the matrices that express the
farmers’ judgments. The AHP has a means for measuring any inconsistencies by a formula
called the consistency ratio. A ratio of 0 means a perfect consistency, while any ratio over
0.1 is considered inconsistent [48]. In the present work, only 26% of the subjects had a
consistency ratio equal or lower than this limit. In this study, the inconsistency is mainly
attributable to two aspects:

1. Method of structuring the model and criteria considered: Ideally, one would structure
a complex decision through a hierarchy where factors at any level are comparable. If
this condition does not occur during the criteria selection process, the possibility of
generating inconsistencies among the elements of the pairwise comparison matrix
(hinting at some randomness in the answers from the respondents) increases.

2. Method of administration of the questionnaire: It emerged that the mailed surveys
made it difficult for respondents and researchers to interact. The letter was a necessary
condition to explain the meaning of the pairwise comparison involved in the multi-
criteria AHP analysis and to ensure that the respondents had full awareness and
understanding of the criteria that they had to compare. It would have been appropriate
to ask the interviewees to re-evaluate their judgments within the matrices, but this was
not carried out because it would have been a difficult and time-consuming process.

However, it is evident from the results that there are further chances to improve the
application of the AHP model for a better evaluation of the stakeholders’ judgments. The
literature offers an extremely broad overview of the advantages and disadvantages of the
method on the consistency/inconsistency of the answers given by decision makers, and
therefore, on the reliability of the model. Forman [49] introduced several comments related
to the AHP. The most common reason for inconsistency is the lack of perfect knowledge.
For this reason, it becomes essential to support the interviewee during the interview to
clarify any doubts and reduce the possibility of error in their answers. In order to increase
the use of IASs among farmers, it is necessary that these services acquire characteristics
and performances that allow for “Assuring economic sustainability” (C5). If an investment is
needed to improve irrigation management through the IASs, it will be justified by farmer
users only if it is profitable. It would be interesting to extensively discuss the meaning of

“Assuring economic sustainability” for a farmer, as it is a very complex condition that depends
on many factors that are unpredictable, especially in the long term, because they could
depend on future economic conditions. In a future project, the AHP could be a useful tool to
deeply investigate these unpredictable factors in a qualitative and quantitative framework.

6. Conclusions

This paper addresses a very relevant issue framed in the process of the new CAP
reform, which is the efficient and sustainable use of water, especially in the context of
progressive scarcity of this resource in the Mediterranean area within and outside of the
EU. This issue is a relevant commitment of the agricultural sector in the wider framework
of the Agenda 2030 and the fight against the climate change, and there is a busy and rich
research agenda ahead on this matter.
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This work contributes to the general issue of water use in agriculture by developing a
methodological approach based on the analytic hierarchy process to support the decision-
making objective of “improving the use of irrigation advisory services”. The results highlight
that the most important criterion is C5—“Assuring economic sustainability”, which means
that the cost of IAS should be economically justified (i.e., economically affordable).

In order to enhance our comprehension of this topic, it is necessary to address the
subsequent queries: What are the farmers’ objective priorities (economic, non-economic,
or both)? What are the tools employed by farmers to attain their aims, and what are their
genuine objectives? Which factors exert an influence on them? The proposed reflections
may be developed in future research activity, departing from the results of the present
analysis. Finally, it is important to continue with this type of discussion to ensure that
the decision-making process is able to contribute effectively to agricultural development
in terms of sustainable irrigation management. Furthermore, using a database (the key
information provided by the interviews) made it possible to aggregate the individual
priorities in each study area and for each characteristic of the samples by relating the
preferences expressed by the stakeholders.

Finally, the findings indicate that the criteria (C1, C2, C3, C4, C5) had varied forms of
impact on the end users’ judgments, and these attributes play a crucial role in shaping the
strategies and scenarios for advancing the implementation of IASs.
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Abstract: The objective of the study was to determine the factors that influence the perceptions of
smallholder farmers towards the adoption of digital technologies. A purposively selected sample of
250 smallholder farmers who were cross-sectionally surveyed from Port St Johns and Ingquza Hill
Local Municipalities in South Africa was used in the study. The Technology Acceptance Model (TAM)
and the Attention, Desire, and Action (AIDA) model were used to analyse the data. The results
showed that digital technologies were perceived to be expensive, cause a digital divide, and discour-
aged the use of Indigenous Knowledge even though they increased production. Positive perception
towards digital technologies was associated with cattle rearing, with extreme negative perception
for sheep and goat rearing. Educational level, employment status, monthly income, household size,
being part of a cooperative (1% level), age, and source of income (10% level) were significant factors
affecting smallholder farmers’ perceptions of digital technologies. In conclusion, there are economic,
social justice, and traditional perceptions towards digital technologies by smallholder farmers, with
socio-economic factors affecting the perceptions. The study recommends providing low-cost digital
technologies that promote Indigenous Knowledge, which should target the youth and young farmers
with less education in small households who are full-time farmers with moderate-to-high incomes
and are part of farmer groups/organisations.

Keywords: attention, interest, desire, and action (AIDA) model; digital technologies; perceptive
index; technology acceptance model (TAM)

1. Introduction

Sustainable agricultural development can be achieved through the use of digital
technologies, which can lead to achievement of Sustainable Development Goals (SDGs) 1,
2, 6, 8, 12, 14, and 15 [1]. Agriculture is an essential livelihood sector in Sub-Saharan Africa
(SSA), accounting for 54% of the working population [2] and contributing 15% to Gross
Domestic Product, even though highs of 50% in Chad and lows of 2% in South Africa have
been recorded [3]. The OECD/FAO [3] highlighted that the agricultural sector in SSA has
been currently increasing at 2.6% per year, fuelled by an increasing local and international
interest in the farm land, the rise of a middle class, rural to urban migration, urbanisation,
and population growth. Despite a steady increase, agricultural growth has not been ideal,
with low productivity [4] fuelled by lack of use in appropriate technologies [3].

Digital technologies have been identified as a solution to transform the agricultural
sector in SSA and livelihoods of the 250 million smallholder farmers in the region [2]. In
South Africa, agriculture contributes USD 21 billion, employing 5.3% of the population [2].
Relative to the rest of SSA, South Arica has advanced utilisation of digital technologies in
the agricultural sector, mainly focusing on precision agriculture, Agri-e-commerce, digital
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procurement, Agri-digital financial services, and digital advisory services [2]. This has
been backed by advanced telecommunication infrastructure and digital penetration. Due to
various reasons, such as costs, economies of scale, and lack of integration with Indigenous
systems, there had been little usage of digital technologies by the 2.4 million farmers in the
smallholder sector compared to the commercial sector [5,6]. Some of the constraints to the
utilisation of digital technologies by smallholder farmers in South Africa has been due to
the perceptions towards digital technologies. However, openness to digital technologies is
determined by the combination of perception and socio-economic characteristics [7]. Caf-
faro et al. [8] identified that perceptions towards digital technologies relate to usefulness,
increased productivity, cost reduction, efficiency, and workload reduction. A negative
perception towards digital technology offers a barrier to its adoption. Despite the afore-
mentioned issues, there is still limited understanding of the drivers of digital technologies
which is itself driven by perceptions. The objective of this study was therefore to identify
the drivers of digital technology perception in a country such as South Africa, hypothesising
various socio-economic and institutional factors affecting this perception. The underlying
question that this study seeks to answer is: What are the factors affecting digital technology
perceptions by smallholder farmers in South Africa?

2. Literature Review

There are various determinants on the level of perception towards digital technolo-
gies which include demographics and socio-economic factors. A study by Pishnyak and
Khalina [7] and Caffaro et al. [8] highlighted that perceived ease of use, usefulness, safety,
reliability, and socio-economic characteristics had a positive impact on the propensity to
use innovations. In particular, gender, age, educational level, and household income had
an effect on perceptions towards digital technologies [7]. Pishnyak and Khalina [7] and
Thomas et al. [9] highlighted that perceptions towards digital technologies are influenced
by informal social networks through social capital. Some of the sources of information
include other farmers and farmer organisations. A qualitative study by Reissig et al. [10]
highlighted that there are farm and farmer characteristics affecting the perceived usefulness
of digital technologies. Farm structure, including size and enterprise type, had an indirect
impact on the usefulness of digital technology. Furthermore, there was a relationship
between perceptions towards digital technologies and the user competences [10]. Per-
ceptive usefulness is affected by digital technology characteristics relating to improved
performance, effectiveness, productivity, control, and quality [11].

Kaur and Singh [12] found that factors such as farmers’ age, education, and farming
experience determined their perceptions towards digital technologies. However, gender,
household size, land size, and income did not determine perceptions towards digital
technology. These characteristics have an effect on the information received through the
use of digital technologies [13]. Factors such as age, gender, marital status, education,
and income were some of the socio-economic factors affecting perceptions towards digital
technologies identified by Meijer et al. [14] and Pfeiffer [15]. According to Dissanayake [16],
subjective norms affect the perceptions of farmers to technologies. In this instance, the
relevance of how other farmers or neighbours feel about the technology and their attitude
can help shape individual perceptions towards a technology. Technology usefulness and
skills to be formed also help in shaping the perception towards a technology [16].

Even though various studies on the use of digital technologies have been conducted
in South Africa, most have been adoption studies [5,17,18] with very few highlighting the
factors affecting smallholder farmers’ perceptions towards digital technologies. Some of
these studies have also taken qualitative approaches, lacking in statistical rigour [19–22].
It is essential to acknowledge the perceptions of digital technologies by farmers to enable
development of appropriate technologies [23]. This is informative to digital technology
developers, extension officers, and research centres. This allows efficient budget and time
allocations. It becomes imperative to also acknowledge the socio-economic circumstances
of the farmers and how they shape their perception complex so that they can be taken on
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board in designing and disseminating digital technologies. According to Gerli et al. [24],
transforming the perceptions towards digital technologies is more essential than the tech-
nology itself if there is going to be sustained adoption. Perception of digital technology is a
barrier to its adoption [9]. The perceived characteristic of a digital technology determines
its adoption. It is essential to understand farmer perceptions for effective development
and dissemination. Farmer perceptions also help shape behaviour [16]. It is therefore
against this background that this paper sought to determine the factors that influence
the perceptions of smallholder farmers towards adoption of digital technologies in Port
St Johns and Ingquza Hill Local Municipalities. In this study, empirical analysis will be
used to analyse the factors that influence the perceptions of smallholder farmers towards
adoption of digital technologies in the study area.

3. Materials and Methods

3.1. Description of Study Area

Port St Johns (PSJ) and Ingquza Hill (IH) Local Municipalities located in OR Tambo
District Municipality of South Africa were the study sites that were used. Both Local
Municipalities are Category B rural, having high poverty levels with reliance on social
grants [25,26]. Agriculture accounts for 2.0% of Gross Value Added (GVA) in IH Local Mu-
nicipality compared to 1.4% in PSJ. There are 53.9% of households engaged in agriculture
in IH compared to 47.0% in PSJ, with PSJ also having a higher employment rate within
agriculture at 5.4% compared to 4.1% in IH [25,26]. Port St Johns (PSJ) Local Municipality
has a population of 166,779, with 18.9% having completed high school in 33,951 households
on 1292.2 km2 [27]. The median age of the population in PSJ is 17, with 54% of the popu-
lation under the age of 18. Around 54.0% of the population in PSJ are female, with 59.0%
of the households being female-headed [28]. The Local Municipality has 20 ward areas
and 130 rural areas/villages [29]. Port St Johns (PSJ) has high smallholder maize produc-
tion mainly through smallholder subsistence farmers with some using irrigation [30–32].
Ingquza Hill (IH) Local Municipality sits on 2479 km2, housing 60,697 households with a
population of 303,379 [33]. About 19.6% of the population in IH have completed secondary
school and 14.0% are unemployed, with 31.0% of households having less than ZAR 10,000
annual income. The Local Municipality also has 54.0% of the population under the age of
18, with a mean age of 17, with 58.0% of the households being female-headed and 78.0%
living in poverty [25,33]. The study areas were ideal because they are agro-based and
characterised by the rural poor exhibiting high poverty rates.

3.2. Conceptual Framework

The study combined the Technology Acceptance Model (TAM) and the Attention,
Interest, Desire, and Action (AIDA) model (Figure 1) [34]. The TAM investigates adoption
decisions which are driven by behaviour, itself a construct of attitude towards the use of
that technology. Attitude is a direct reflection of beliefs and perceptions in usefulness and
ease of use. The AIDA model is one of the information-based rational choice models which
show that users of digital technologies go through a series of cognitive and emotional steps
in making a purchase and adoption decisions, or in a behaviour change process [34,35]. The
steps involve attracting attention through creating interest (cognitive level), with the second
step turning this interest into strong desire (affective level). The final step is taking action to
move to that behaviour (behavioural level) [36,37]. The AIDA model prescribes agricultural
digital technology provider behaviour in promoting their use by smallholder farmers.
Greater competition amongst service providers, utilisation of multi-lingual, customised
value-added services, and integration of Indigenous Knowledge were some of the service
provider activities advocated by Maumbe [6] to enhance adoption of digital technologies by
smallholder farmers in South Africa. In the current study, the cognitive and affective levels
of the AIDA conceptual framework will shape the perceptions that smallholder farmers
have towards digital technologies in the TAM. In conjunction with the socio-economic
circumstances of the smallholder farmers, the perceptions will shape the behavioural level
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of the AIDA conceptual framework, enabling adoption of digital technologies. The current
study was focused on the perceptions towards digital technologies, thereby focusing on the
initial parts of the conceptual framework relating to perceived usefulness and perceived
ease of use. This was inquired from the users of digital technologies from which an overall
index was formulated, as will be indicated in Section 3.3.

 

Figure 1. Conceptual framework combining the Technology Acceptance Model (TAM) and the
Attention, Interest, Desire, and Action (AIDA) model. Source: Geng [34].

3.3. Study Design

A cross-sectional survey of a purposively selected sample of 250 smallholder farmers
was used in the study. A Likert scale, Perceptive Index, and Tobit regression were used
to analyse the data. The study used a Likert scale to measure the level of awareness and
perception towards digital technologies by smallholder farmers. The 5-point scaled items
that were used in the study are shown in Table 1. The respondents were asked to what
extent they agreed with the perceptive questions. Internal validity was improved by pre-
testing the questionnaire so that the questions measured what was intended, which was
the perception, and any ambiguity in the questions was rectified. This reduced confusion
and skip patterns.

Table 1. Perceptions of respondents towards digital technologies.

Perceptions of Adoption of Digital Technologies

Adoption of digital technologies can make farming easier
I have adequate knowledge of digital technologies
Use of digital technologies will be labour-saving
Use of digital technologies improves agricultural production
Through digital technologies smallholder farmers access information on time
Through digital technologies farmers access extension services easily
The use of digital technologies helps smallholder farmers to access the market
It is easy to access farm loans through digital technologies
Digital technologies are expensive compared to other agricultural innovations
The use of agricultural digital technologies improved household income
Digital technologies are user-friendly
Digital technologies are complicated
Digital technologies are the cause of the digital divide between smallholder and
commercial farmers
Unequal access to digital technologies exists among smallholders
Digital technologies will discourage the use of Indigenous Knowledge and skills
All the digital technologies are suitable for smallholder farms
Use of digital technology will increase smallholder farmers’ farming output
Use of digital technologies requires specific skills

Source: Authors own conceptualisation informed by the literature.
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The Min-Max Normalisation as used by Ngarava [38] was used to standardise the per-
ceptions towards digital technologies by smallholder farmers. The Min-Max Normalisation
was used to produce an indicator which fell in the range of 0–1, using the following formula:

PIqi =
Pqi(obs) − Pqi(min)

Pqi(max) − Pqi(min)
.

where PIqi is the Perceptive Index of question i, Pqi(obs) is the observed value of perceptive
question i, Pqi(min) is the global minimum value of question i (=1), and Pqi(max) is the global
maximum value of question i (=5). The overall PIqi for each respondent was:

PIoverall(j) =
∑n

i=1 PIqi

n

where n is the number of perception questions, which is 18.
The Tobit model used was modelled as follows [39–42]:

PI∗i = x′i β + εi, εi ∼ N
(

0, σ2
)

PI∗i =

{
PI∗i , i f PI∗i > 0

0, i f PI∗i ≤ 0

where PI∗i is the latent variable, which can only be observable when the values are greater
than 0. Explanatory variables are depicted by xi with a vector β and εi is the error term
which is normally distributed. The following log-likelihood function L was maximised by
estimating β and σ:

max
β,σ

ln L = ∑
PIi>0

1
σ

ρ

(
PIi − x′i β

σ

)
+ ∑

PIi=0
ln
[

1 − τ

(
x′i β
σ

)]

where τ is the standard normal cumulative distribution function, ρ is the matching density
function. The variables in Table 2 were used in the Tobit model.

Table 2. Variables used in the Tobit regression model for factors affecting the perceptions towards
digital technologies by smallholder farmers in PSJ and IH Local Municipalities.

Variable Explanation Measurement Expected Sign

Dependent
PI Perceptive Index Truncated: 0 (negative)–1 (positive)

Independent

GEN Gender Nominal: 0—male, 1—female −
AGE Age (Years) Nominal: 0—less than 40 years, 1—otherwise −

MARST Marital status Nominal: 0—married, 1—not married −
EDU Education level Nominal: 0—none, 1—otherwise +

EMPL Employment status Nominal: 0—full-time farmer, 1—part-time farmer −
SOUINC Source of income Nominal 0—social grant, 1—otherwise +/−

MI Monthly income (ZAR) Nominal: 0—less than 1000, 1—otherwise +
HHS Household size Nominal: 0—up to 5, 1—otherwise +/−
FEN Farming enterprise Nominal: 0—crop production, 1—otherwise +/−
TEN Tenure Nominal: 0—communal, 1—leased +
FEX Farming experience (Years) Nominal: 0—less than 5 years, 1—otherwise +
TR Training Nominal: 0—yes, 1—no −

COOP Part of cooperative member Nominal: 0—yes, 1—no −

The Tobit model was defined as follows:

PI = β0 + β1GEN + β2 AGE + β3MARST + β4EDU + β5SOUINC + β6MI + β7HHS + β8FEN + β9TEN
+β10FEX + β11TR + β12COOP + ε
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4. Results

Empirical Results

Figure 2 shows the perceptions towards digital technologies by smallholder farmers in
Port St Johns (PSJ) and Ingquza Hill (IH) Local Municipalities. The Cronbach’s alpha value of
0.70 shows that the Likert measures of perceptions were reliable and valid. There was strong
agreement with digital technologies being expensive compared to other agricultural technolo-
gies (48.4%), improves agricultural production, (43.2%), they are a cause of a digital divide
(37.6%), and discourage use of Indigenous Knowledge (33.2%). However, there was strong
disagreement to smallholder farmers having knowledge about digital technologies (42.0%).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Adoption of digital technologies can make farming easier
I have adequate knowledge of digital technologies

Use of digital technologies will be labour-saving
Use of digital technologies improves agricultural production

Through digital technologies. smallholder farmers access information on time
Through digital technologies. farmers access extension services easily

The use of digital technologies helps smallholder farmers to access the market
It easy to access farm loans through digital technologies

Digital technologies are expensive compared to other agricultural innovations
The use of agricultural digital technologies improved household income

Digital technologies are user-friendly
Digital technologies are complicated

Digital technologies are the cause of the digital divide between smallholder…
Unequal access to digital technologies exists among smallholders

Digital technologies will discourage the use of indigenous knowledge and skills
All the digital technologies are suitable for smallholder farms

Use of digital technology will increase smallholder farmers’ farming output 
Use of digital technologies requires specific skills

Cronbach's alpha 0.70

Strongly agree Agree Neutral Disagree Strongly Disagree

Figure 2. Perceptions towards digital technologies by smallholder farmers in Port St Johns and
Ingquza Hill Local Municipalities.

The highest positive perception towards digital technologies for smallholder farmers in
PSJ and IH Local Municipalities was associated with cattle rearing (23.53%), a combination
of cattle and goat rearing (21.43%), and maize production (12.32%) (Figure A1). However,
a certain level of negative perception was associated with all pig and chicken producers,
as well as smallholder farmers involved with a combination of cattle and sheep rearing.
In addition, extremely negative perceptions towards digital technologies by smallholder
farmers had association with all farmers involved with rearing a combination of sheep and
goats, a combination of cattle, sheep, and goats (44.0%), rearing goats (29.27%), and maize
production (20.20%), respectively.

Extremely negative perceptions towards digital technologies by smallholder farmers
in PSJ and IH Local Municipalities had association with 2–4 hectares of crop production
(29.35%) and less than 1 hectare of animal rearing (25.66%) (Figure A2). Some level of
positive perception towards digital technologies was associated with utilisation of less
than 1 hectare of crop production (15.57%), 5–10 hectares (10.0%), and 2–4 hectares (7.61%).
Positive perception was also associated with 2–4 hectares (13.33%) and less than 1 hectare
(7.96%) of land use for animal rearing.

Figure A3 shows that extremely negative perceptions towards digital technologies by
smallholder farmers in PSJ and IH Local Municipalities were associated with enterprises
that sell less than 50 kg (42.86%), 150–200 kg (36.36%), and 250–300 kg (31.82%) of maize,
respectively. Close to 23.08% of smallholder farmers who sell 150–200 kg and 15.15% of
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over 200 kg of cabbages have extremely negative perceptions towards digital technologies.
Positive perception was exhibited by 27.27% of smallholder farmers that sell 150–200 kg of
maize and 27.78% who sell less than 50 kg of cabbages.

There was association between positive perceptions of digital technologies and con-
sumption of more than 200 kg (62.86%), 50–100 kg (9.80%), and 150–200 kg (9.38%) of maize,
respectively (Figure A4). There was association with consumption of 50–100 kg (16.67%)
and over 200 kg (12.50%) of cabbages. Most negative perceptions were associated with
consumption of 50–100 kg of maize for 27.45% of smallholder farmers and consumption of
less than 50 kg for 24.05%.

Table 3 shows the significance of the association between the perceptions towards
digital technologies and the farming enterprise characteristics. There was a significant
association between level of perception towards digital technologies and the type of live-
stock that are reared (1% level), land size that is devoted to crop and vegetable production
(5% level), and land tenure (10% level). The low Spearman correlations (between 0.03 and
0.19) indicate very low levels of association.

Table 3. Cross tabulation of Port St Johns and Ingquza Hill Local Municipality farmers’ perceptions
towards digital technologies.

Pearson χ2 Spearman
Correlation

Cramer’s V p-Value

Maize Production 2.61 0.09 0.11 0.27
Land size 5.40 −0.10 0.11 0.49

Sale 17.89 −0.25 0.26 0.12
Consumption 6.86 −0.08 0.13 0.33

Cabbage Production 4.02 0.15 0.17 0.13
Land size 1.92 −0.04 0.08 0.75

Sale 10.13 0.16 0.27 0.12
Consumption 8.50 −0.16 0.17 0.20

Livestock kept 35.93 *** 0.19 0.36 0.00

Total land size for crop and
vegetables 14.88 ** 0.14 0.18 0.02

Total land size for livestock 2.48 −0.13 0.13 0.29

Tenure of agricultural land 5.51 −0.03 0.15 0.06
**, *** represents 0.05 and 0.01 levels.

Table 4 shows the factors affecting the perception towards digital technologies by
smallholder farmers from PSJ and IH Local Municipalities. The model was significant
at the 1% level; however, with a low R2 value indicating that there were other variables
that were excluded from the model that affect the level of perceptions towards digital
technologies. The results show that educational level (1% level), age, employment status,
being part of a cooperative (5% level), source of income, monthly income, and household
size (10%) were significant factors affecting the perception towards digital technologies by
smallholder farmers.

Table 4 shows that an increase in age is associated with an increase in negative percep-
tions towards digital technologies by smallholder farmers in PSJ and IH Local Municipali-
ties. Surprisingly, an increase in the educational levels were associated with an increase in
the negative perceptions. The employment status results indicate that part-time farmers
from PSJ and IH Local Municipalities are associated with negative perceptions towards
digital technologies. An increase in monthly income increases the positive perception
towards digital technologies by smallholder farmers, while an increase in the household
size is associated with negative perceptions towards digital technologies. If smallholder
farmers from PSJ and IH are not part of a farming cooperative, they are likely to have a
negative perception towards digital technologies as exhibited.
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Table 4. Factors affecting perceptions towards digital technologies by smallholder farmers in Port St
Johns and Ingquza Hill Local Municipalities.

Variable β Std Err t p > |t|
Gender 0.55 1.47 0.35 0.66

Age −1.24 ** 0.79 −1.65 0.03
Marital status −0.59 0.90 −0.72 0.50

Education level −3.22 *** 0.95 −3.13 0.01
Employment status −1.74 ** 0.54 −2.97 0.04

Source of income 0.93 * 0.50 1.96 0.09
Monthly income 2.99 * 1.13 2.83 0.07
Household size −2.96 * 0.98 −2.79 0.08

Farming enterprise 0.74 0.71 1.00 0.26
Tenure −5.21 3.26 −1.59 0.14

Farming experience −1.03 1.28 −0.84 0.44
Training −0.44 0.50 −0.70 0.45

Part of cooperative member −4.14 ** 1.42 −2.85 0.04
Constant 78.91 4.80 18.33 0.03

Summary statistics

Sigma 15.43 0.62
χ2 45.45

p > χ2 0.00
Pseudo R2 0.13

*, **, *** represents 0.1, 0.05, and 0.01 levels, respectively.

5. Discussion

The results showed that digital technologies were regarded as expensive, cause a
digital divide, and discourage use of Indigenous Knowledge, with farmers having little
knowledge about them even though they improve agricultural production. Migiro and
Kwake [43], Dlamini and Ocholla [5], as well as Mabaya and Porciello [20] concurred that
the use of digital technologies was expensive. Strydom [44] attests that in developing
countries, Africa included, the requirement of some digital technologies to access internet
connectivity has increased their costs, making them unreachable to many. Thus, only 20%
of the population in SSA have access to the internet [44]. This has been compounded
by the profit-targeting private sector who have supplied and offered services to these
digital technologies. This can work against smallholder farmers as big corporate takeovers
consolidate the smaller farms [45,46]. However, this can be offset by the cost reductions that
will be envisaged through using the digital technologies such as transaction costs, especially
for profit-oriented small-scale farmers relative to subsistence-targeted farmers [47,48]. In
addition, the expense of digital technologies has also been attributed to ancillary inputs,
which are also expensive, such as electricity [44], servicing [49], and data [50,51]. However,
authors such as McCampbell et al. [52] indicate that it is not the cost but rather the neglect
of a bottom-up approach and social, political, and economic injustices in the design of the
technologies. This will further exacerbate the digital divide.

Engås, Raja, and Neufang [53] indicated that the digital divide led to low adoption
of digital technologies. In order to maximise the opportunities presented by digital tech-
nologies, there is a need to consider the digital divide in all three levels of capacities,
competences, and inequality in access [54,55]. McCampbell, Schumann, and Klerkx [52]
referred to the digital divide as a result of structural ethical issues, for example, limits in
skills and access. According to Hackfort [56], the digital divide is deepened by digitalisation
between small and large farms, as well as between farmers who are willing and unwilling
to purchase digital technologies. Digital technologies need to be inclusive to reduce the
risk of widening the digital divide through the exclusion of smallholder farmers based
on their characteristics and circumstances [57]. However, according to Oosterlaken [58],
the capability approach as prescribed by Sen [59,60] can inform the development and
technologies that provide context in the form of human dignity and rights. In the current
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study, what appears as a digital divide might be informed by opportunities available for
the smallholder farmers to value their way of doing things. This is based on their own
capabilities.

Maumbe [6] highlighted that lack of integration with Indigenous Knowledge (IK)
was a drawback in using digital technologies, with Dlamini and Ocholla [5] highlighting
that instead of replacing Indigenous Knowledge, digital technologies can actually be used
in conjunction, for instance, to record, store, and disseminate Indigenous Knowledge.
Indigenous Knowledge management using digital technology is in its infancy in Africa,
with language being costly and acting as a deterrent [61,62]. There should be prioritisation
of improving food security through Indigenous Knowledge, which should be preserved,
disseminated, and used. Kantiza et al. [63] highlighted the use of IK systems in Africa
and that there is need to disseminate the good IK practices into areas where they are not
currently available. This can be achieved through digital technologies. Franco et al. [64] go
on to highlight that farmers themselves are able to adapt existing technologies to suit their
contextual needs. This improves the appropriateness of technologies.

The results showed that livestock production on 2–4 hectares as well as maize crop
production on less than 1 hectare were associated with positive perceptions towards the use
of digital technologies. This was contrary to Pope and Sonka [65], who found economies
of scale being associated with digital technology adoption. According to Bronson and
Knezevic [66], various land sizes require different types of technologies. Farm sizes were
highlighted by Annosi et al. [67] to have an effect on the use of digital technologies, with
Tagarakis et al. [68] highlighting that utilisation of digital technology was limited by small
farm sizes. Groher, Heitkämper, and Umstätter [69] indicated that new solutions that can be
brought about by digital technologies are required for animal and environmentally friendly
production systems, with adoption differing according to animal species. Furthermore,
Kernecker et al. [70] found that crop farming systems had more adoption of digital technolo-
gies. Compared to the literature, this study reveals that there is a digital technology and
farmer characteristic relationship, with small farms associated with low-tech technologies
relative to large farms.

Smallholder farmers who sold 150–200 kg and consumed more than 200 kg of maize
had positive perceptions towards the use of digital technologies. This was also true for
smallholder farmers who sold less than 50 kg and consumed less than 50 kg of cabbages.
According to Giua, Materia, and Camanz [71] as well as Omulo and Kumeh [72], digital
technologies are useful when selling agricultural products, especially to obtain market
and price information to increase their bargaining power. Expansion of the smallholder
market will allow the use of more sophisticated digital technologies not just to market their
produce but also to increase production to meet the market demand.

Increases in age, educational levels, household size, being part-time farmers, decreases
in monthly income, and not being part of a farming cooperative were associated with nega-
tive perceptions towards digital technologies by smallholder farmers. da Silveira et al. [73]
indicated that older farmers exhibit negative perceptions towards technologies due to
resistance to change. They are sceptical due to lived experiences, including Indigenous
Knowledge systems. Despite the fact that increases in age and educational levels improve
digital technology literacy [74], surprisingly, an increase in education was associated with
negative perceptions towards digital technologies. Firstly, it is worth noting that only 9.9%
of the smallholder farmers in the study area had educational levels beyond secondary
school. Secondly, the nature of the digital technologies used precludes the advantages of
higher educational levels. Schulze Schwering, Bergmann, and Isabel Sonntag [75] attest
that openness to technologies is related to educational levels. However, in the current
study, the digital technologies being used are low tech and for everyday use, rendering
higher education unnecessary. In fact, since the digital technologies are low tech, small-
holder farmers with higher educational levels develop a negative perception. An increase
in household size translates into an increase in digital technology-related costs such as
data, especially given that most technologies being used in the study area include mobile
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phones. Thus, the smallholder farmers would develop a negative perception towards
digital technologies as the household sizes increased with their associated costs. Gabriel
and Gandorfer [76] indicated that practicing farming on a part-time basis is an exhibition
and often results in less motivation, and reduced access to capital and time invested in
the farming enterprise, which increases economic risk. Combined with the financial risk
involved in digital technology investments, part-time smallholder farmers will be scep-
tical and have a negative perception towards digital technologies. The role of income in
digital technology is a reinforcing one. An increase in disposable income allows access
to digital technologies which results in positive perceptions towards digital technologies,
and due to higher income allows access to improved digital technologies. Hence, there
is a perpetual positive perception due to an increase in income. Farming cooperatives
allow farmers to share ideas and information about digital technologies, thereby creating
perceptions towards digital technologies. According to Kvam, Hårstad, and Stræte [77],
farming cooperatives should play a central role in the adoption of digital technologies.

6. Conclusions

This study sought to determine the factors that influence the perceptions of small-
holder farmers towards adoption of digital technologies. The conceptual framework used
comprised a combination of the Technology Acceptance Model (TAM) and the Attention,
Interest, Desire, and Action (AIDA) model. The Likert scale, Perceptive Index (PI), and a
Tobit regression were used to analyse the data. The study showed that there were strong
perceptions towards cost, inequality, and lack of adaptation to local knowledge exhibited
by digital technologies, even though they increased production. Furthermore, a positive
perception towards digital technologies was exhibited by smallholder farmers using small
pieces of land for their agricultural enterprises, as well as those engaged in small-scale sales
and marketing. This was informed and reinforced the use of low-tech digital technologies.
Socio-economic factors such as age, educational levels, household size, being part-time
farmers, monthly income, and being part of a farming cooperative affected the level of
perception towards digital technologies by smallholder farmers in PSJ and IH Local Munici-
palities. This study concludes that there are socio-economic factors affecting the perception
of digital technologies by smallholder farmers. All combined, these have influenced the
use of low-tech digital technologies in PSJ and IH Local Municipalities.

7. Recommendations

Some of the recommendations that can be envisaged from this study include availing
low-cost high-tech digital technologies for smallholder farmers in PSJ and IH Local Munici-
palities. The central government can subsidise the use of high-tech digital technologies for
use by smallholder farmers. Lobbying for low-cost digital technologies from suppliers can
also be used to avail low-cost technologies. This can also be a strategy used for ancillary and
complementary services to access data, internet, and after-sales services. Another strategy
that can be used to encourage the use of high-tech digital technologies is integrating the
current low tech with high tech. Digital technology providers can be lobbied to take this
route as the costs will be a compromise between the low and high ends. Availing cheaper
options of digital technologies can avert the inequality that is associated with the use
of digital technologies. Promotion of digital technology, especially to poor smallholder
farmers, can also reduce the digital divide. Extension officers can play a significant role, as
they are already embedded within the communities and have a database of not well-off
farmers. In conjunction with traditional leaders and opinion leaders, as well as extension
officers, there should be lobbying for technology developers to provide digital technologies
that cater for Indigenous Knowledge. Central government funding can play a pivotal role
in the development and dissemination of such technologies. Digital technologies that are
promoted should also be cognisant of the small nature of the enterprises. In promoting
the use of digital technologies, be it through print, electronic and social media, and even
though extension, the target should be the youth and young farmers with less education in
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small households who are full-time farmers with moderate-to-high incomes and are part of
farmer groups/organisations. This demographic already shows positive perceptions and
thus will quickly embrace the use of digital technologies in PSJ and IH Local Municipalities.
This however does not preclude the other demographics in the promotion of digital tech-
nologies. Areas of further study include focusing on the determinants of the component
parts of interest, perceived usefulness, perceived ease of use, and intention to use as spelt
out in the TAM and AIDA models.

8. Limitations of Study

The study had conceptual and methodological limitations. The perceptions could
have been grouped according to the TAM and AIDA models to provide categorised factors
affecting interest, perceived usefulness, perceived ease of use, and intention to use. Further-
more, external validity was limited because the study used a purposive design which was
spatially and temporally limited. Any findings are difficult to extrapolate to other contexts.
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Figure A1. Perceptions towards digital technologies and the farming enterprises for smallholder
farmers in Port St Johns and Ingquza Hill Local Municipalities.
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Figure A2. Perceptions towards digital technologies and farming land size for smallholder farmers
in Port St Johns and Ingquza Hill Local Municipalities.
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Figure A3. Perceptions towards digital technologies vis-à-vis propensity to sell maize and cabbage
by smallholder farmers in Port St Johns and Ingquza Hill Local Municipalities.
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Figure A4. Perceptions towards digital technologies vis-à-vis propensity to consume maize and
cabbage by smallholder farmers in Port St Johns and Ingquza Hill Local Municipalities.
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Abstract: In this study, the DEA–Malmquist index method was used to measure the total factor
productivity of citrus in seven major mandarin-producing provinces and seven major tangerine-
producing provinces in China from 2006 to 2020. Moran’s I index was used to test the spatial
correlation of total factor productivity of mandarin and tangerine, and its σ convergence and β

convergence characteristics were explored using coefficient of variation and spatial panel models.
The results show that from the perspective of time series evolution, the growth rate of total factor
productivity of mandarin and tangerine in China slowed down year by year after reaching the
maximum value in 2008. Technological progress was the main factor affecting the total factor
productivity of citrus. The total factor productivity growth of tangerine was more stable than that of
mandarin, and the pure technical efficiency index and scale efficiency change index of mandarin and
tangerine were not stable. From the perspective of regional differences, the total factor productivity of
China’s main citrus-producing provinces all indicated positive growth, showing an increasing trend
from east to west. The drivers of growth were mainly technological progress and scale efficiency. The
regional differences in total factor productivity growth for mandarin were more obvious than for
tangerine. The total factor productivity of mandarin and tangerine showed obvious spatial correlation
characteristics; the positive spatial spillover effect was significant; and there were σ convergence,
absolute β convergence, and conditional β convergence. Regional disparities in citrus industry
development can be more objectively reflected by convergence analysis that takes spatial factors,
economic and social factors, and other factors into account.

Keywords: citrus; total factor productivity; spatiotemporal evolution; Moran’s I index; spatial convergence

1. Introduction

China is one of the countries of origin of citrus and is the world’s largest producer and
seller of citrus [1]. Citrus agriculture dates back to over 4000 years ago in China. The size of
China’s citrus industry has grown steadily since the formation of the People’s Republic of
China. According to China’s National Bureau of Statistics database, citrus planting area and
production in China reached 2.832 million ha and 51.287 million tons, respectively, in 2020,
overtaking apples to become China’s largest fruit in terms of planting area and production.
The citrus industry has become a pillar industry in agriculture in the hilly areas, reservoir
areas, and underdeveloped areas of southern China [2]. It is critical in raising the revenue
of fruit producers and contributing to the reduction in national poverty [3]. However,
in comparison to other developed countries, China’s citrus production per unit area has
always been relatively low [4]. According to the FAO data, the unit area yield of Chinese
citrus in 2020 was 14.88 t/ha, which was lower than the global average of 15.74 t/ha.
With the annual increase in citrus planting area and yield in China, improving citrus total
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factor productivity is a priority due to the sector’s importance to the Chinese economy.
Analyzing the total factor productivity of Chinese citrus objectively is an important part of
determining the entire production capacity of Chinese citrus. What are the trends in total
factor productivity of citrus in China’s primary citrus-producing areas? What has caused
the increase in productivity in the citrus industry? Is it due to technological advancements
or changes in efficiency? What are the differences in citrus TFP growth in different regions?
Is there a spatial relationship between citrus TFP and region? Is the regional gap in citrus
TFP narrowing? The answers to these questions will contribute to a thorough knowledge
of the spatiotemporal evolution process of China’s citrus total factor productivity, and such
knowledge will have major theoretical and practical implications for encouraging the citrus
industry’s healthy and sustainable development in China.

Total factor productivity (TFP) refers to the portion of output growth minus the contri-
bution of factor growth, and it is a comprehensive statistic employed in the neoclassical
school’s economic development theory to evaluate the contribution of pure technological
improvement in production [5]. According to existing research, TFP measurement meth-
ods can be classified as parametric or non-parametric. Parametric methods include the
Solow residual method, the random frontier production function method, and the trans-log
production function method, among others, while non-parametric methods include the
Malmquist index method, the Tornqvist index method, and the undesirable slacks-based
measurement (SBM) method. Po et al. analyzed the productivity growth in China’s agricul-
tural sector over the period 1990–2003 [6]. Huang et al. measured the agricultural green
TFP in China from 1998 to 2019 [7]. Namdari et al. calculated the energy use efficiency
for citrus in Iran [8]. Xu et al. calculated the TFP of citrus in China [9]. He et al. found
that the implementation of sustainable development policies has increased citrus TFP in
China [10]. There are some Chinese researchers who used the DEA–Malmquist index
method to measure the TFP of China overall and of some major citrus-producing areas and
analyzed the trend of change [11–13]. These studies’ conclusions are not always consistent
due to diverse study locations and time lengths. However, one common feature is that
they have not systematically analyzed the spatiotemporal evolution and convergence of
citrus TFP. Based on the pioneering study of Baumol, Barro, and Sala-i-Martin on the
convergence of economic growth [14,15], more studies on the convergence of agricultural
TFP are being conducted. Many scholars have analyzed the convergence of agricultural
production efficiency in different countries [16–20].

Although there have been many studies on citrus TFP, agricultural TFP measurement,
and convergence analysis, there is still room for research to be expanded. First, the present
literature focuses on citrus TFP measurement and analysis, ignoring the spatial link be-
tween regions in terms of citrus TFP. Second, research studies have focused mostly on the
convergence analysis of TFP in agriculture and selected agricultural products, but there is a
dearth of research on the convergence analysis of TFP in citrus.

In light of this, this study selects Chinese citrus production cost and revenue data from
2006 to 2020, measures the TFP of citrus in China using the DEA–Malmquist index method,
and analyzes its spatial and temporal variation characteristics and patterns. The Moran’s
I index is used to evaluate the spatial correlation of TFP of citrus, and the neoclassical
economic growth convergence theory is combined with spatial economics. Furthermore, the
coefficient of variation is employed, and a spatial panel model is developed to investigate
the σ convergence and β convergence characteristics of the TFP of citrus.

2. Materials and Methods

2.1. Materials

The output variables were chosen from the output value of citrus main products;
the input variables were chosen from labor costs, land costs, fertilizer costs, pesticide
costs, and other citrus costs. This could assure the consistency of material costs while also
lowering the indicators based on the inclusion of diverse types of expenditures. In order to
avoid omitting important control variables, we chose the following as the control variables:
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level of economic development, measured using GDP per capita; mechanization level,
measured using total mechanical power; fruit cultivation structure, measured based on the
proportion of citrus planting area to total fruit planting area in each province; agricultural
geographic agglomeration, measured based on the share of citrus cultivation area in each
province to the national citrus cultivation area; agricultural financial support to agriculture,
defined as the proportion of total financial expenditure on agriculture to total financial
expenditure in each province; and urbanization rate, defined as the number of urban
residents divided by the total population at the end of the year in each province. Based on
data availability and the fact that the National Compilation of Cost and Benefit Information
on Agricultural Products divides citrus and tangerine, this study divided citrus into two
categories, mandarin and tangerine, and selected cost and benefit-related data from 2006 to
2020 for seven citrus-producing provinces (districts and cities), respectively. The data came
from the National Agricultural Cost–Benefit Information Compilation in China, which
ran from 2006 to 2020. In prior years, the data came from the National Compilation of
Cost and Benefit Information of Agricultural Products, the National Bureau of Statistics,
the International Monetary Fund database, and the China Population and Employment
Statistical Yearbook. Missing data were interpolated using the moving average method
and the trend forecasting method, and all variables involving prices were deflated using
the corresponding fixed-base price indices.

2.2. Methods
2.2.1. Measurement of TFP

The Malmquist index method was proposed by Malmquist in 1953 [21], and Cave et al.
first used it as a production efficiency function; this method was then combined with the
DEA theory to create what is referred to as the DEA–Malmquist index method [22]. Fare
et al. updated the DEA–Malmquist index method by incorporating technical efficiency,
which is divided into technical change and efficiency change [23]. Many scholars favor this
method because it employs distance functions to construct the optimal frontier, employs
linear programming, does not require a specific functional form, and can decompose TFP
changes. As a result, using the DEAP2.1 software and the following equations, this study
measured and decomposed the DEA–Malmquist index for Chinese citrus production based
on constant payoffs of scale and output orientation:

Mi(xt+1, yt+1; xt, yt) = [
Dt

i (xt+1, yt+1)

Dt
i (xt, yt)

× Dt+1
i (xt+1, yt+1)

Dt+1
i (xt, yt)

]

1
2

=
Dt+1

i (xt+1, yt+1)

Dt
i (xt, yt)

[
Dt

i (xt+1, yt+1)

Dt+1
i (xt+1, yt+1)

× Dt
i (xt, yt)

Dt+1
i (xt, yt)

]

1
2

= EFFCH(xt+1, yt+1; xt, yt)× TECH(xt+1, yt+1; xt, yt)

= PECH × SECH × TECH

(1)

In Equation (1), xt and yt represent the input and output vectors of the citrus industry in
the period t, respectively; Dt

i is the distance function; Mi(TFP) is the total factor productivity
index; EFFCH is the technical efficiency change index; and TECH is the technological
progress change index. The technical efficiency change index (EFFCH) can be further
decomposed into pure technical efficiency index (PECH) and scale efficiency change index
(SECH). A value of EFFCH greater than 1 represents an increase in technical efficiency, and
a value of TECH greater than 1 represents a technological advancement or innovation; A
value of PECH greater than 1 represents an increase in the level of technology, and vice
versa; and a value of SECH greater than 1 represents a scale of production operation close
to the optimal scale of production, and a scale deterioration if it is lower than 1.
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2.2.2. Spatial Correlation Index

The spatial correlation index, which is frequently expressed as Moran’s I index, can be
used to examine if there is spatial autocorrelation in the TFP of citrus throughout the entire
space, and its calculation formula is as follows:

Moran′s I =

N
∑

n=1

N
∑

m=1
ωnm(xn − x)(xm − x)

S2
N
∑

n=1

N
∑

m=1
ωnm

(2)

where xn and xm are the index values of variable x on the geographical unit of region n and
region m, respectively; x is the average of the index values in each region; ωnm is the spatial
weight matrix; ωnm = 1 when n and m provinces are contiguous, and 0 otherwise; S2 is the
sample variance; and N is the total number of measured areas. In general, the range of the
Moran’s I index is −1 to 1. An index greater than 0 indicates positive spatial autocorrelation,
and the closer the index value is to 1, the stronger the spatial correlation and clustering of
similar attributes. An index less than 0 indicates negative spatial autocorrelation, and the
closer the index value is to −1, the stronger the spatial correlation and agglomeration of
different attributes. An index close to 0 indicates that the spatial distribution is random
and there is no spatial autocorrelation [24].

2.2.3. Convergence Model

There are three common convergence models: σ convergence, absolute β convergence,
and conditional β convergence. The convergence of σ reflects a decreasing trend in the
deviation of the sample values in each region over time. This study aimed to investigate
whether the TFP of citrus tends to be in a horizontal state with the passage of time. If the
convergence coefficient of σ decreases gradually over time, the growth of citrus TFP has σ
convergence. In this study, the coefficient of variation was used to measure the convergence
of σ, and the formula is as follows:

σt =

√
∑N

n=1 (TFPn,t − TFPt)
2/N

TFPt
(3)

TFPn,t is the citrus TFP of province n in year t; TFPt is the average of the TFP for all
provinces in year t; and N is the number of major citrus-producing provinces.

Furthermore, β convergence means that the growth rate disparity in citrus TFP be-
tween regions gradually narrows over time, eventually settling at a stable growth rate.
Meanwhile, convergence can be classified as absolute β convergence or conditional β con-
vergence. Absolute β convergence means that citrus TFP tends to converge across regions
without taking into account factors that can have a significant impact on citrus TFP. The
formula for absolute β convergence is as follows:

ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + μn + ηt + εn,t (4)

ln
(

TFPn,t+1

TFPn,t

)
is the growth rate of citrus TFP of n province in t + 1 period. β is

the coefficient of convergence, with a significant negative β indicating that the citrus
TFP is showing absolute β convergence, and the convergence speed V = − ln(|β| − 1)/T.
μn, ηn, and εt are the area effect, time effect, and random disturbance terms, respectively.

Considering the spatial correlation of citrus TFP and using the absolute β convergence
model, the following three spatial measurement models were introduced: spatial lag model
(SAR), spatial error model (SEM), and spatial Durbin model (SDM). The SDM model
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can be regarded as the general form of the other two models, and the spatial absolute β
convergence formula is as follows:

SAR : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + ρ∑N

m=1 ωnm ln(
TFPn,t+1

TFPn,t
)+μn + ηt + εn,t (5)

SEM : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + μn + ηt + un,t; un,t = λ∑N

m=1 ωnmun,t + εn,t (6)

SDM : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + ρ∑N

m=1 ωnm ln(
TFPn,t+1

TFPn,t
) + γ∑N

m=1 ωnm ln(TFPn,t)

+μn + ηt + εn,t

(7)

ρ is the spatial lag coefficient, representing the effect of the growth rate of citrus TFP
in neighboring provinces on a province. λ is the space error coefficient and represents
the space effect in the random perturbation term εn,t. γ is the spatial lag coefficient of the
independent variable, representing the influence of the citrus TFP of neighboring provinces.

The conditional β convergence model adds a series of control variables on the basis of
the absolute β convergence model to examine whether citrus TFP has a convergence trend
after controlling for the effects of factors that may have an important impact on citrus TFP.
The formulae for conditional β convergence and spatial conditional β convergence are as
follows:

ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + δXn,t+1 + μn + ηt + εn,t (8)

SAR : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + ρ∑N

m=1 ωnm ln(
TFPn,t+1

TFPn,t
) + δXn,t+1+μn + ηt + εn,t (9)

SEM : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + δXn,t+1 + μn + ηt + un,t un,t = λ∑N

m=1 ωnmun,t + εn,t (10)

SDM : ln(
TFPn,t+1

TFPn,t
) = α + β ln(TFPn,t) + ρ∑N

m=1 ωnm ln(
TFPn,t+1

TFPn,t
) + γ∑N

m=1 ωnm ln(TFPn,t)

+δXn,t+1 + μn + ηt + εn,t

(11)

3. Spatial and Temporal Evolution of Citrus TFP

3.1. Time Series Evolution of Citrus TFP

Figures 1 and 2 depict the changes in TFP and the deconstruction of mandarin and
tangerine production in China from 2007 to 2020. As shown in Figure 1, mandarin’s
TFP shows a fluctuating downward trend. It was 1 in 2007, increased to a maximum of
1.939 in 2008, and then gradually declined in the years that followed; specifically, the TFP
of mandarin dropped to 1.107 in 2009; rebounded to 1.382 in 2010; fluctuated between
1.092 and 1.231 in 2011 to 2015; experienced a negative growth in 2016, with the TFP falling
to 0.970 in 2017; rebounded to 1.001 in 2018 and further improved to 1.115 in 2019; and
then fell again to 0.958 in 2020. Compared to the technological progress change (TECH),
the TFP decreased while the TECH increased in 2014, and the TFP increased while the
TECH decreased in 2019. The trends of the changes in these two indexes in other years
are the same, with some differences in the magnitude of the increase or decrease of the
changes. Thus, it can be concluded that there is a driving effect of mandarin’s technological
progress change (TECH) on the growth in TFP. The patterns of fluctuation in the technical
efficiency change index (EFFCH), the pure technical efficiency change index (PECH), and
the scale efficiency change index (SECH) are highly similar, exhibiting both increases and
decreases. This suggests that the pure technical efficiency change index (PECH) and the
scale efficiency change index (SECH) are the primary determinants of fluctuations in the
overall technical efficiency change (EFFCH).
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Figure 1. Changes in TFP and deconstruction of its components for China’s mandarin production
from 2007 to 2020.

Figure 2. Changes in TFP and deconstruction of its components for China’s tangerine production
from 2007 to 2020.

Figures 1 and 2 reveal that the variations in total TFP and the deconstruction of its
components for mandarin and tangerine are highly similar. Specifically, the fluctuations in
the TFP and technological progress change (TECH) of tangerine are the most conspicuous,
and their trends follow a similar pattern. In comparison, the TFP of tangerine is marginally
higher than that of mandarin, recording a value of 1.014 in 2007, peaking at 1.859 in
2008, declining to 1.005 in 2009, recovering to 1.322 in 2010, and, subsequently, exhibiting a
gradual downward fluctuation between 1.021 and 1.241 from 2011 to 2018, before increasing
to 1.338 in 2019. This trend deviates from what is observed for mandarin. When comparing
the technological progress change (TECH), it can be observed that, apart from the year
2016 when the technological progress change (TECH) increased and the TFP decreased,
the trends in both indexes are highly similar across the years. Moreover, the impact of
technological progress change (TECH) on the TFP growth of tangerine is more pronounced
than the impact seen in mandarin. The technical efficiency change (EECH), the pure
technical efficiency change (PECH), and the scale efficiency change (SECH) exhibit similar
patterns of increase and decrease, suggesting that changes in pure technical efficiency
change (PECH) and scale efficiency change (SECH) are also influential drivers of technical
efficiency change (EECH) for tangerine.

The growth in TFP and the deconstruction of its components for mandarin and tanger-
ine production in China exhibit four key characteristics. Firstly, the TFP and the techno-
logical progress change (TECH) show similar patterns for both mandarin and tangerine,
indicating that technological progress plays a vital role in driving the growth in TFP.
Secondly, the TFP for both mandarin and tangerine peaked in 2008 before fluctuating
downwards. This might be attributed to the initiation of the national citrus industry’s
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technological system in 2007 and the subsequent innovation chain that emerged around the
citrus industry’s production chain. This promoted the level of citrus technological progress
in China. However, over time, as technology was internalized and breakthroughs became
more challenging, the driving effect of technological progress weakened, leading to the
fluctuation in TFP for both mandarin and tangerine.

Thirdly, the growth in TFP for tangerine is more stable compared to the growth in
TFP for mandarin. Mandarin’s TFP exhibited negative growth in 2016, 2017, and 2020,
whereas tangerine’s TFP only exhibited negative growth in 2020 due to the COVID-19
pandemic. This is because tangerine is more prevalent in Chinese citrus cultivation and
shows stronger research capabilities than mandarin. Fourthly, the pure technical efficiency
change (PECH) and the scale efficiency change (SECH) for both mandarin and tangerine
fluctuate, indicating that the actual technical level and planting scale of Chinese citrus
planting process are unstable. This may be attributed to the fact that citrus fruits are
mainly grown in mountainous areas in China, and the proportion of continuous centralized
planting is low. Additionally, citrus yellow dragon disease is a constant threat to production,
making it difficult for technology to be implemented effectively and for resource allocation
to reach a reasonable state.

3.2. Regional Differences in TFP for Citrus

Regional differences in natural environment and resource endowment have resulted
in variations in the TFP and its specific components for mandarin and tangerine among
different provinces in China. Comparing the average TFP and its components in different
provinces is of great practical significance for identifying the key factors that determine
regional differences in citrus output and for promoting regional synergistic development
of the citrus industry. Table 1 presents the average TFP and its composition for the major
mandarin- and tangerine-producing provinces in China from 2007 to 2020.

Table 1. Average TFP and its composition for the major mandarin- and tangerine-producing provinces
in China from 2007 to 2020.

Classification Provinces EFFCH TECH PECH SECH TFP

Mandarin

Chongqing 0.998 1.176 1.000 0.998 1.173
Guangxi 0.999 1.169 1.000 0.999 1.168
Hunan 0.999 1.147 1.000 0.999 1.146
Hubei 0.998 1.145 1.000 0.998 1.142

Guangdong 0.999 1.135 1.000 0.999 1.134
Jiangxi 1.000 1.123 1.000 1.000 1.123
Fujian 1.000 1.116 1.000 1.000 1.116

Tangerine

Chongqing 0.999 1.161 1.000 0.999 1.159
Hunan 1.000 1.157 1.000 1.000 1.157
Hubei 0.998 1.148 1.000 0.998 1.147
Jiangxi 1.000 1.141 1.000 1.000 1.141

Zhejiang 1.001 1.131 1.000 1.001 1.133
Guangdong 0.999 1.134 1.000 0.999 1.133

Fujian 1.003 1.130 1.000 1.003 1.132

Table 1 highlights several key characteristics that contribute to the regional divergence
in TFP for China’s citrus industry. First, the average TFP of the major mandarin- and
tangerine-producing provinces is positive, indicating a growth trend in the citrus indus-
try. The province with the highest TFP growth rates for both mandarin and tangerine is
Chongqing, while Fujian has the lowest TFP growth rates for both, although its rates are
still positive.
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Second, the regional divergence in mandarin’s average TFP growth is more pro-
nounced than that of tangerine. Chongqing has the highest mandarin TFP growth rate,
while Fujian has the lowest. This suggests that the industrial development of tangerine in
China is more balanced compared to mandarin.

Third, from a geographical perspective, the average TFP of mandarin and tangerine
tends to increase from east to west, reflecting an “east citrus to west” trend. The central and
western regions have relatively more arable land resources, fewer non-farming employment
opportunities, and higher production economic efficiency, thus resulting in a higher TFP.
Additionally, the main citrus-producing areas in the southeast coast are more susceptible to
Huanglong disease, resulting in a lower TFP.

Fourth, technological progress change (TECH) and scale efficiency change (SECH) are
the primary factors affecting the TFP growth of each citrus-producing province. The growth
rate of technological progress change (TECH) is highest in Chongqing for mandarin and
tangerine, while the province’s scale efficiency change (SECH) growth rates are negative,
indicating the importance of technological progress in TFP growth but also highlighting
the need for optimizing production scale. In contrast, the growth rate of technological
progress change (TECH) in Zhejiang for tangerine is lower than that of Guangdong, but
the growth rate of scale efficiency change (SECH) is higher, leading to a higher TFP due to
the optimization of production scale.

To gain further insight into regional differences in TFP in China’s citrus industry,
spatial distribution trends of TFP were analyzed using the Matlab 2021b software. The
results are presented in Figure 3. The analysis revealed significant regional differences
in the spatial distribution of TFP for both mandarin and tangerine, indicating obvious
non-equilibrium characteristics. In terms of fitting surfaces, mandarin and tangerine are
different. The TFP of Chinese mandarin shows a spatial distribution pattern of high in the
northwest, depressed in the center, and low in the southeast. The TFP of Chinese tangerine
shows a spatial distribution pattern of high in the northwest, convex in the middle, and
low in the southeast. This is closely related to the acreage and research strength of both.
In terms of fitting curves, in the east–west direction, both mandarin and tangerine show
a trend of high in the east and low in the west, which is the same as the trend of “east
citrus to west”. In the north–south direction, mandarin shows a “U” shape, suggesting
that the TFP of Chinese mandarin in the northern and southern regions is slightly higher
than that in the central region during the same period. On the contrary, tangerine shows
an inverted “U” shape, suggesting that the TFP of Chinese tangerine in the northern and
southern regions is slightly lower than that in the central region during the same period.

Figure 3. Spatial distribution of TFP of mandarin and tangerine in China, 2007–2020.

3.3. Spatial Correlation Analysis of Citrus TFP

We employed the Stata software to compute global Moran’s I indices for both mandarin
and tangerine based on their TFP panel data spanning from 2007 to 2020. Furthermore, we
tested the significance level of the Moran’s I indices. The findings are presented in Table 2.
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Table 2. Global Moran’s I of mandarin and tangerine TFP from 2007 to 2020.

Year
Mandarin Tangerine

Moran’s I z p Moran’s I z p

2007 −0.069 0.565 0.286 −0.299 −0.836 0.202
2008 −0.026 1.078 0.140 −0.192 −0.188 0.425
2009 −0.041 1.051 0.147 −0.053 1.049 0.147
2010 0.169 ** 1.762 0.039 0.199 ** 1.850 0.032
2011 0.109 * 1.462 0.072 0.136 * 1.595 0.055
2012 0.215 ** 1.906 0.028 0.280 ** 2.171 0.015
2013 0.208 ** 1.880 0.030 0.075 1.187 0.118
2014 0.074 1.211 0.113 0.384 *** 2.615 0.004
2015 0.046 1.049 0.147 0.237 ** 2.238 0.013
2016 −0.041 0.696 0.243 0.184 ** 1.766 0.039
2017 −0.184 −0.088 0.465 −0.084 0.420 0.337
2018 −0.274 −0.733 0.232 0.118 ** 2.303 0.011
2019 −0.356 −0.991 0.161 −0.185 −0.103 0.459
2020 −0.139 0.160 0.436 0.053 * 1.310 0.095

Note: “*”, “**”, and “***” indicate statistical significance at the 10%, 5%, and 1% level, respectively.

Table 2 shows that there is a positive spatial correlation in the TFP of mandarin in
China from 2010 to 2013, and the global Moran’s I index tends to increase over time. This
indicates that the spatial correlation of mandarin’s TFP in China has increased during the
study period. The global Moran’s I index of tangerine TFP is also positive and significant
except for some years, suggesting that China’s tangerine TFP also has a positive spatial
correlation and the growth of tangerine TFP in neighboring provinces has gradually con-
verged. Although the spatial correlation of China’s citrus TFP has some volatility, there is
an overall positive spatial correlation, indicating that a positive spatial spillover effect has
gradually formed. This effect has become a new development trend, which highlights the
importance of cooperation and driving effect at the spatial level.

It is essential to consider spatial factors when conducting the β convergence test since
it cannot be assumed that each citrus-producing province is independent of each other.
Neglecting the spillover effects of neighboring producing provinces on the convergence
of citrus TFP could lead to biased convergence test results. Therefore, taking into account
spatial factors is crucial to avoid such biases.

4. Convergence Analysis of TFP of Citrus

4.1. σ Convergence Test Result Analysis

As depicted in Figure 4, the σ value of the TFP of mandarin shows an increasing
trend from 2007 to 2009, followed by a decreasing trend from 2009 to 2015, and eventually
reaching its lowest value of 0.0005 in 2020, indicating that there is σ convergence in the TFP
of mandarin. Similarly, the σ value of TFP of tangerine shows an increasing trend from
2007 to 2009 and then decreases steadily from 2009 to 2012. Although the σ value of TFP
of tangerine increases in some years during the study period, the overall trend shows σ

convergence. In summary, both mandarin and tangerine TFP values show σ convergence
in China, suggesting that the disparities in TFP among the main producing province have
gradually decreased over time.

4.2. Absolute β Convergence Test Result Analysis

Four models were used to estimate the absolute β convergence of TFP of mandarin
and tangerine in China. These models included the absolute β convergence model (OLS),
the spatial lag model (SAR), the spatial error model (SEM), and the spatial Durbin model
(SDM). Additionally, a two-way fixed effects model was used to control for time and region
effects during estimation. As shown in Table 3, the results indicate that there is significant
absolute β convergence for both mandarin and tangerine TFP in China. The absolute β

convergence coefficients of all models for both mandarin and tangerine are negative and
pass the significance test at the 1% level, demonstrating a “catching-up effect” between the
lower-producing provinces and the higher-producing provinces.
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Figure 4. Convergence analysis of mandarin and tangerine TFP in China, 2007–2020.

Moreover, the ρ and γ of all models are positive and pass the significance test at the 1%
level, indicating that the TFP of citrus in the main producing provinces is simultaneously
affected by the positive spatial spillover effect of citrus TFP and the TFP growth rates in
other regions. Therefore, the spatial spillover effect between main producing provinces can-
not be ignored, and the spatial interaction between neighboring main producing provinces
needs to be considered.

Additionally, when spatial factors are considered, the convergence speed of both
mandarin and tangerine TFP is significantly faster. The absolute β convergence rate of
mandarin TFP increases to 16.9%, 4.4%, and 4% and that of tangerine TFP increases to 8.6%,
3.9%, and 4%. This suggests that cross-regional flows of labor, land, and capital among
the main citrus-producing provinces have enhanced the mutual influence of neighboring
citrus-producing provinces and increased the spatial convergence effect.

However, there is a difference in the convergence speed of mandarin and tangerine
TFP with the addition of spatial factors. The spatial lag model (SAR) and the spatial
error model (SEM) estimate the convergence rate of mandarin TFP to be 16.9% and 4.4%,
respectively, which values are both higher than that of tangerine at 8.6% and 3.9%. This
may be due to differences in economic development, mechanization level, fruit cultivation
structure, agricultural geographic agglomeration, financial support for agriculture, and
urbanization rate in each region. Therefore, further conditional β convergence analysis is
needed to account for these differences.

Table 3. Absolute β convergence of mandarin and tangerine TFP.

Coefficient
Mandarin Tangerine

OLS SAR SEM SDM OLS SAR SEM SDM

β
−1.699 ***
(0.0848)

−1.094 ***
(0.105)

−1.540 ***
(0.0885)

−1.571 ***
(0.0899)

−1.697 ***
(0.0900)

−1.301 ***
(0.102)

−1.576 ***
(0.0904)

−1.568 ***
(0.0939)

ρ or λ — 0.343 ***
(0.0727)

0.705 ***
(0.0544)

0.687 ***
(0.0565) — 0.296 ***

(0.0594)
0.614 ***
(0.0654)

0.613 ***
(0.0655)

γ — — — 1.191 ***
(0.126) — — — 0.939 ***

(0.149)
V 0.026 0.169 0.044 0.040 0.026 0.086 0.039 0.040

Time effect YES YES YES YES YES YES YES YES
Individual

effect YES YES YES YES YES YES YES YES

R2 0.919 0.605 0.675 0.697 0.928 0.760 0.781 0.781

Note: “***” indicate statistical significance at the 1% level. “YES” indicates that time and individual fixed effects
have been controlled.

4.3. Conditional β Convergence Test Result Analysis

Table 4 presents the results of the conditional β convergence analysis of TFP for man-
darin and tangerine, using the same models as in the absolute β convergence analysis. The
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results indicate that there is significant conditional β convergence for both mandarin and
tangerine TFP in China. Even after controlling for various economic and social factors, such
as economic development level, mechanization level, fruit cultivation structure, agricul-
tural geographic agglomeration, financial support for agriculture, and urbanization rate,
the conditional β convergence coefficients of all models for both mandarin and tangerine
remain statistically significantly negative at the 1% level, suggesting that the “catch-up
effect” of TFP still exists. Additionally, the TFP values of citrus in the whole country and in
the main producing provinces continue to converge to a uniform steady-state equilibrium
value in the long run.

Table 4. Conditional β convergence of mandarin and tangerine TFP.

Coefficient
Mandarin Tangerine

OLS SAR SEM SDM OLS SAR SEM SDM

β
−1.716 ***
(0.0861)

−1.574 ***
(0.0872)

−1.646 ***
(0.0752)

−1.638 ***
(0.0807)

−1.701 ***
(0.0935)

−1.557 ***
(0.0883)

−1.674 ***
(0.0797)

−1.598 ***
(0.0877)

ρ or λ — 0.0997 *
(0.0604)

0.309 ***
(0.117)

0.198 *
(0.122) — 0.151 ***

(0.0534)
0.349 ***
(0.106)

0.260 **
(0.107)

γ — — — 0.342 *
(0.212) — — — 0.308

(0.207)
V 0.024 0.040 0.031 0.032 0.025 0.042 0.028 0.037

Control
variables YES YES YES YES YES YES YES YES

Time
effect YES YES YES YES YES YES YES YES

Individual
effect YES YES YES YES YES YES YES YES

R2 0.925 0.725 0.663 0.535 0.930 0.869 0.841 0.541

Note: “*”, “**”, and “***” indicate statistical significance at the 10%, 5%, and 1% level, respectively. “YES” indicates
that time and individual fixed effects have been controlled.

Consistent with the absolute β convergence analysis, the ρ and γ values of all models
are positive and significant at the 10% level, indicating that the growth in TFP for mandarin
and tangerine is not only influenced by their initial levels in a given region, but also
by the positive spatial spillover effects of TFP and growth rates in neighboring regions.
Furthermore, compared to the absolute β convergence analysis, the β convergence rates
estimated by all models are reduced in the conditional β convergence analysis. Specifically,
the convergence rates of mandarin and tangerine β coefficients estimated by the spatial
lag model (SAR) decrease by 12.9% and 4.4%, respectively, while the decreases in the
other models are minimal. This suggests that the control variables used in the analysis are
effective and scientifically reasonable.

Finally, after considering the control variables, the convergence rate difference between
mandarin and tangerine β coefficients estimated by each model is reduced, indicating that
the conditional β convergence analysis takes a more comprehensive set of factors into
consideration and produces more reasonable results than the absolute β convergence
analysis. Overall, the results suggest that various economic and social factors play an
important role in explaining the differences in TFP between regions, and that spatial
spillover effects should be taken into account when designing policies to promote regional
development and reduce regional disparities in citrus production.

5. Conclusions and Policy Implications

5.1. Conclusions

In this study, we used data on the production costs and revenues of Chinese citrus
from 2006 to 2020 and the DEA–Malmquist index method to calculate the TFP and its
specific components for citrus production in China overall and in its major producing
provinces. We analyzed the spatiotemporal evolution characteristics of Chinese citrus
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TFP and used Moran’s I index and spatial convergence model to investigate the spatial
correlation and convergence of citrus TFP. The main research findings are listed below.

First, from the perspective of temporal evolution, the change in the trend of Chinese
citrus TFP from 2007 to 2020 is basically consistent with technological progress change
(TECH), and technological progress is the main factor affecting citrus TFP. The growth rate
of Chinese citrus TFP reached its maximum in 2008 and has been slowing down year by
year. There are some differences in the TFP between mandarin and tangerine, with the
former showing more stability in growth. The unstable pure technical efficiency change
(PECH) and scale efficiency change (PECH) due to the high proportion of small-scale
planting and the spread of diseases and pests, such as the Huanglong disease, have limited
the growth in citrus TFP.

Second, from the perspective of regional differences, the TFP in major producing
provinces have all increased, with Chongqing having the highest TFP of citrus. The regional
differences in TFP growth for mandarin are more significant than for tangerine, which is
related to the development of Chinese citrus with mandarin as the main product. Influenced
by the flow of production factors and the Huanglong disease, the TFP of mandarin and
tangerine shows an increasing trend from east to west, which is consistent with the trend
of “citrus moving westward” in the production layout of Chinese citrus. The main sources
of TFP growth for each major producing province of citrus are technological progress and
scale efficiency.

Third, from the perspective of convergence characteristics, Chinese citrus TFP exhibits
both σ convergence, absolute β convergence, and conditional β convergence. In terms of
σ convergence, the σ value of citrus TFP shows a significant downward trend overall. In
terms of absolute β convergence, the TFP of citrus in each major producing province is
simultaneously affected by the positive spatial spillover effect of TFP and the growth rates
of TFP of citrus in other regions, and the introduction of spatial effects into the convergence
model significantly accelerates the convergence speed of mandarin and tangerine TFP, with
mandarin having a higher convergence speed than tangerine. In terms of conditional β con-
vergence, after adding the control variables, the convergence and positive spatial spillover
effects of TFP of mandarin and tangerine are still significant, but the convergence speed
decreases, and the difference in β convergence speed between mandarin and tangerine
narrows.

5.2. Policy Implications

First of all, there is a need to further promote the national citrus industry’s technologi-
cal system construction; increase scientific research investment in citrus breeding, planting,
and processing; develop advanced and applicable technology according to the natural
environment and resource endowment of each citrus-producing province; and improve
the TFP of citrus by promoting technological progress. There is also a need to cultivate
and develop new agricultural business entities; promote moderate-scale operation; and
gradually form a new agricultural business system based on family contracting, with large
professional households, family farms, farmers’ cooperatives, and leading agricultural
industrialized enterprises as the backbone and other organizational forms as the supple-
ment, while strengthening the prevention and control of citrus pests and diseases, such as
the Huanglong disease, to improve the technical efficiency and scale efficiency of Chinese
citrus production.

Additionally, using the positive spatial spillover effect of TFP of citrus, there is a
need to increase the learning opportunities of underdeveloped areas of citrus industry
development from developed areas; promote new technologies, such as labor-saving
cultivation and water–fertilizer integration in advanced areas, through technology and
management experience exchange; improve orchard mechanization and give full play to the
role of radiation demonstration in advanced citrus-planting areas, while driving the latter
development with the former development; and promote overall regional coordination for
healthy and sustainable development.
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Finally, the convergence effect of TFP of citrus should be valued; the allocation of
scientific and technological inputs among citrus production regions should be optimized;
regional differences should highlighted while the existence of cross-regional flows of factors,
such as labor, land, and capital, should be strengthened; and institutional guarantees should
be provided for effective cross-regional cooperation to provide conditions for narrowing
the regional gap in the development of the citrus industry.
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Abstract: Some major future global challenges are linked to more efficient use of water for irrigation to
respond to the growing water scarcity coupled with the increasing food demand. Although irrigation
advisory services (IASs) are considered effective instruments to increase water use efficiency in
agriculture, their diffusion remains limited. This is due to several constraints mainly linked to their
low accessibility and high costs. To overcome the bottlenecks associated with IASs’ adoption, this
paper proposes a business model (BM) as a tool for scaling up IASs within a business perspective, with
the aim of encouraging the diffusion of this technology while enhancing the associated environmental
and social benefits. Drawn from the experience of the OPERA project, we structured the business
model taking advantage of the opinion of relevant stakeholders and IASs’ potential users to identify
specific limitations and understand their needs. It turned out that farmers are willing to adopt IASs
but require that the service is easily accessible, with high-quality information that are delivered
at an affordable cost. Indeed, here a BM with an innovative way to produce and deliver value
is proposed. The value proposition is built upon key features namely, integration, customization,
accessibility, and sustainability that reflect users’ needs and preferences. Our BM also provides a
detailed revenues strategy that guarantees the financial sustainability of IASs. To design and represent
our BM, the “Business Model Canvas ©” has been adopted. We concluded that an innovative and
well-structured BM has the potential to leave the IASs profitable and capable to ensure environmental
and social sustainability.

Keywords: business model; irrigation advisory services; sustainable agriculture; irrigation; water
use efficiency

1. Introduction

Climate change impacts are worsening the scarcity of water resources by negatively
affecting precipitation [1], consequently increasing the frequency and intensity of droughts
in many areas worldwide [2]. In this context, agriculture is expected to experience the
greatest impact since it accounts for 70% of global freshwater withdrawals [3]. Dealing
with water scarcity to ensure that agricultural production keeps pace with a growing global
demand for food [4] requires more efficient and sustainable irrigation management, from
field to watershed, based on accurate knowledge and information [2]. Indeed, improving
water use efficiency through minimizing water losses aims at increasing yields through
water-management optimization [5], in line with the current priority of producing more
with less [6].
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Irrigation advisory services (IASs) (i.e., achieving efficiency in irrigation water use)
represent a potential response to this emerging need [7,8]. IASs can optimize water man-
agement in agriculture thanks to tools and techniques ranging from traditional irrigation
scheduling that advises farmers on when and how to irrigate, to Earth-observation (EO),
satellite-based technologies, the internet of things (IoT) and unmanned aerial vehicles
(UAVs). These latter are able to estimate different variables regarding different components
of the water cycle, from the atmosphere to water bodies, land, soil, and vegetation [9]. IASs
can be seen as a sustainable innovation, due to the fact that both environmental and social
considerations are taken into account in their development and use [10].

Although IASs are considered effective to increase water use efficiency and productiv-
ity and improve the decision-making process with regard to irrigation practices [11], their
diffusion remains limited [12]. Accordingly, several constraints tied to the functioning and
organization of IASs contributed to slowing down their adoption.

Business models (BMs)—namely the firms’ strategies to create, capture, and share
value—are often employed to spread the diffusion of new technologies [13]. Innovations in
the business model are required to generate a change in the ways a firm creates and delivers
value, resulting in a significant improvement in the value proposition [14]. Adopting
an innovative business potentially allows for the transformation of the characteristics
of sustainable and innovative technologies into economic value [15]. Additionally, a
different BM may overcome the market barrier linked with technologies diffusion [16].
Lastly, a BM clearly outlines a revenue strategy to guarantee the economic sustainability of
every business.

In this context, BMs may represent a powerful tool for widespread adoption and
commercialization of IASs. BM concepts have been previously applied to other irrigation
technologies such as smart irrigation networks [17], pivot irrigation systems [18], or solar
pumps [19,20]. As opposite, to the best of our knowledge, there is a lack of BM application
to IASs, as the literature focused mainly on quantifying the benefits associated with the
adoption of the service [9,21] and on the investigation of potential users’ preferences and
willingness to pay [8].

Thus, the aim of this paper is to propose an innovative BM to support the successful
development of IASs, encouraging the diffusion of this technology, while enhancing envi-
ronmental and social benefits associated with their adoption. Drawn from the experience
and the results of the OPERA (operationalizing the increase of water use efficiency and
resilience in irrigation) EU research project, a BM is structured taking advantage of the
opinion of relevant stakeholders and IASs’ potential users to identify specific limitations
and understand their needs. As a matter of fact, our BM is a tool proposed to give a first
operationalization to all the results and outcomes of the OPERA project. In particular,
this paper designs a BM for IASs by applying a business model canvas (BMC) developed
by Osterwalder and Pigneur [22] for BM representation. By doing so, this paper does
not propose any innovation for the IAS as a product, rather—as a novel contribution—it
focuses on developing a value proposition and explaining how it can generate revenues to
spur its market potential and increase its diffusion among potential users.

2. Background

2.1. Determinants of the Adoption of Technological Innovations in Irrigation

Nowadays, major technological innovations in irrigation are dedicated to scheduling
irrigation interventions by handling a large amount of information [23], as for IASs. The
adoption of these technologies is complex and may be affected by several factors. However,
the literature on identifying these factors is still limited with some rare exceptions that,
however, relate to the broader precision agriculture (PI) technologies. For instance, a
major limitation is represented by the high costs of these technologies [24] which provide
information thanks to expensive sources such as satellites, remote sensing, or sensors.
Despite the usefulness of the information delivered by these sources, data may suffer
from low temporal and spatial accuracy, consequently influencing their reliability [23].
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Moreover, information is usually delivered neglecting the users’ skills to effectively manage
it. Accordingly, Galioto et al. [23] (p. 4) state that a “farmer’s skills and financial capacity,
coupled with his/her networking capacity and opportunity to consult service providers
are considered the main factors conditioning the adoption of precision agriculture”. The
lack of tariffs on water use, such as water pricing, is an additional factor that negatively
influences the choice of adopting PI [12]. As a matter of fact, regulatory instruments also
include rules of use (i.e., turns and quotas) that may favour the adoption of more efficient
irrigation technologies [25].

Regarding IASs, specific limitations have been identified by Smith and Muñoz [26].
First, they found that the complexity of data and information provided by IASs require
specific knowledge and may not easily be translated into operational advice for farmers
that often lack specific skills to understand the information provided. Furthermore, this
complexity may result in no user-friendly interfaces. Second, the purpose of IASs is
often not in line with farmers’ interests and priorities; they are usually more interested in
increasing productivity rather than water efficiency, as suggested also by Levidow et al. [27].
Third, most IASs are developed within specific grants with a limited time duration, and this
negatively affects their adoption. Fourth, public and private financial resources to sustain
the service are limited and IASs sustainability can only be guaranteed by the willingness
and ability to pay farmers. Lastly, a lack of communication and trained users may reduce
the adoption among potential beneficiaries.

2.2. The Business Model

Scaling-up the diffusion of IASs and overcoming their major limitations require a
fundamental reconsideration of the services offered, to which users are offered and in
which way. This also implies a reconsideration of the costs of sustaining the services and
the revenues that are generated by those services. To propose innovations in the way IASs
may sell their services, earn money, and deliver value for their users, a business model
perspective has been adopted, intended as a system of interdependent activities that enable
the IASs to create value [28].

The concept of the business model came to the spotlight in the 1900s to communicate
business ideas to potential investors within a limited time frame [29]. Nowadays, the main
purpose of any business model is to describe “how a firm does business”. As a conceptual
tool, a BM provides great support in assessing the performance, management, commu-
nication, and innovation of a business [30]. Chesbrough and Rosenbloom [15] defined
BM as a framework to convert technical potential into economic value. Richardson [31]
proposed a widely accepted framework for BMs to describe how the firm captures, creates,
and delivers value. Additionally, Zott and Amit [28] considered BM as a bundle of specific
activities that depicts the way a company “does business” with its customers, partners and
vendors. The majority of concepts of business found in the literature closely link BMs to
value creation for firms and customers [13,22,32]. This paper adopts the definition proposed
by Osterwalder [33] (p. 15), according to which BM can be defined as “a conceptual tool
that contains a set of elements and their relationships and allows expressing a company’s
logic of earning money. It is a description of the value a company offers to one or several
segments of the customers and the architecture of the firm and its network of partners
for creating, marketing, and delivering this value and relationship capital, to generate
profitable and sustainable revenue streams”. This definition fits perfectly into our aim
of designing an innovative BM capable of describing the essential elements needed to
enable the value proposition to be transferred as benefits to the customers, guaranteeing
the economic sustainability of IASs.

3. Material and Methods

3.1. Business Model Canvas

To design the BM, this study applies the tool “Business Model Canvas” (BMC) pro-
posed by Osterwalder and Pigneur [22]. BMC is a visual map that represents the elements
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of a business model in a holistic manner, also displaying potential interconnections among
these and showing how they can impact on value creation [34]. The tool is based on nine
interconnected axes where each represents a specific and essential BM component as: the
customer segments, the value proposition for the customers, the channels to communicate
with the customers, the customers’ relationships, key resources, key activities, the definition
of the key partnerships, costs, and revenues. By providing a visual representation of each
element of the business system, BMC is particularly helpful to explore potential innovations
with an inside-out approach [35,36]. Notably, BMC has represented an effective tool to
address sustainability issues [34,37]. Nowadays, the success of a business increasingly
encompasses the ability to design business models that are able to deal with challenges
and opportunities linked to the society and its transition towards sustainability. Hence,
the integration of social and environmental issues while creating and delivering value
is fundamental.

3.2. Data Collection

This paper builds on the results obtained within the OPERA project to understand
both the limitations behind the adoption of an IAS and the needs of stakeholders involved
in the agricultural sector (i.e., farmers, water managers, and policymakers). Data were
collected in six countries (i.e., France, Spain, Italy, The Netherlands, South Africa, and
Poland), namely the six case studies of the OPERA project (Table 1). Each of them presents
different climatic conditions; however, water scarcity conditions and the urgency to increase
water use efficiency are the common denominator at all sites.

Table 1. Location of the OPERA case studies and stakeholders involved.

Country Pilot Area Stakeholders Involved

France Crau aquifer area

Farmers, irrigation
association, water

agency, aquifer
syndicate, municipalities, and

farmers associations.

Italy Campania

Farmers, regional
government, land and

water reclamation
authorities, farmer

associations, local policy
makers, and legislators.

Poland sub-catchment Zglowiaczka

Farmers, regional
agricultural advisory centre,

and
local policymakers.

South Africa Breede River valley
Farmers, officials in the

water sector, consultants,
and academics.

Spain Andalusia

Farmers associations,
irrigation associations,

local policymakers, and
NGOs.

The Netherlands Reusel Meteo service and
Farmers.

Stakeholders were surveyed to identify their needs, perceived barriers to adopting
IASs, and their preferences towards the characteristics of IASs. These data allowed for
the definition of the BMC elements to develop an innovative business model for IASs,
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designing a value proposition fully tailored to potential customers’ needs and capable of
overcoming all the possible barriers to IASs’ adoption.

More specifically, two different data collections were conducted along with the project.
The first questionnaire was administered between 2017 and 2018 to a total of 123 stakehold-
ers involved in water management, including farmers, water users’ associations (WUAs),
and local authorities in the six case studies of the project (see Table 1). The main aim of
the survey was to identify the needs and demands of the agricultural sector. To do so, re-
spondents were asked to elicit the main important actions to increase their competitiveness,
their propensity to adopt new technologies in irrigation, and how to increase their water
use efficiency. Data were collected through a structured questionnaire with closed-ended
questions. Results show that stakeholders are interested in improving the sustainability
of the production process and are willing to adopt new technologies for increasing water
use efficiency. However, respondents from each case study identified the cost of sensors or
advice tools as a limitation to adopt new technologies. The full results of the questionnaire
are available in the “D1.1 Assessment of user requirements of the sector” of OPERA at this
link http://opendata.waterjpi.eu/dataset/2a2a87e0-5c84-42cd-a9da-ecac0bbb9257/resource/
09d7444c-c5e2-4473-835b-9c28f27d20d3/download/d1.1_report_stakeholder_opera.pd (ac-
cessed on 11 October 2022) [38].

A second data collection took place between 2018 and 2019 involving only farmers as
respondents. From the six case studies of OPERA, 108 farmers were surveyed using face-to-
face interviews. The questionnaire was composed of two parts. The first part consisted in a
strengths, weaknesses, opportunities, and threats (SWOT) analysis that was implemented to
understand the most important internal and external factors influencing IASs’ adoption. As
suggested by many authors, e.g., [39,40], the SWOT analysis represents a valid methodology
for examining problems related to water management in agriculture. This method is
largely adopted because it has the potential to clarify the present conditions with respect
to the strengths and weaknesses (i.e., internal factors), and the future implications from
opportunities and threats (i.e., external factors). Through the SWOT analysis, it was possible
to understand farmers’ opinions about IASs implementation within the agricultural sector.
The strengths section considers the gains and advantages of the adoption of the IAS.
Results show that water saving is considered the main strength followed by costs reduction.
Weaknesses represent the obstacles to adopting IAS: among these, the results show the
low ability to use electronic devices for water management. Opportunities are related
to external benefits generated for farmers when adopting IAS. Here, farmers identified
different benefits such as the improvement of agricultural productivity and an increased
competitive advantage in the market. Lastly, threats represent the elements that may
friction the diffusion of the IAS at farm levels. Major threats for farmers are their low level
of education and the perceived lack of public financial support. Table 2 resumes the main
findings of the SWOT analysis conducted within the OPERA project.

The second part of the questionnaire was used to investigate farmers’ preferences for
IASs through a choice experiment (CE), by examining several IASs alternatives based on
five different attributes plus a monetary option to investigate their willingness to pay for
IASs. The results, which are widely described by Altobelli et al. [8], show that the adoption
of IASs is positively influences by the time length of forecasts (more days available in
the future are preferred), and the need to record water information (longer time intervals
needed to record information are preferred). On the other hand, the adoption is negatively
influenced by the price, the duration (time length) of the contract, and the frequency of
satellite data availability for crop monitoring. The full results of the SWOT and CE analysis
are described in the “D4.1 Report on socio-economic assessment” of OPERA [41].

To sum up, the results from these data collections represent the foundation for design-
ing the BMC for IASs, which is at the core of this work that draws from stakeholders’ and
farmers’ opinions of our value proposition for the customers, the cost structure, and the
revenue strategy. Based on these three main elements we defined what are the key activities
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to be implemented, the resources needed, the possible partners, and the communication
and marketing channels (Table 3).

Table 2. SWOT analysis results. Source: adapted from OPERA project—Report on socioeconomic
assessment.

Internal Parameters (Present) External Parameters (Future)

Strength Weakness Opportunity Threat

S.1 Water savings

W.1 Low use of
electronic devices for

water
management

O.1 Improving
agricultural productivity

T.1 Social aspect,
education

S.2 Cost reduction

W.2 Negative
perception of
information

provided by IASs

O.2 New market and
consumers T.2 Lack of funding

S.3 Capacity and
competence

W.3 Lack of funds for
IASs implementation

O.3 Increase water
management through

ITC

T.3 Lack of
institutional

mechanisms to link rural
communities

S.4 Good network of
land reclamation and

irrigation
consortia

O.4 Reducing
environmental

pollution

S.5 Innovation
development

S.6 Provisioning of
water

measurements

Table 3. Description of the data collection elements taken to implement the BMC.

Data Collection Scope
Elements of the
Questionnaires

Elements of the BM

Stakeholders
questionnaire

Identifying the sector
needs to increase

water use efficiency

Q1. Actions to
increase the

competitiveness of
farm into the market

Value proposition;
Customer segments.

Q2. Interest in
adopting new
technologies

Value proposition;
Customer segments.

Q.3 Main limitation
on improving

irrigation efficiency

Value proposition;
Customer segments.;

Revenues strategy

Q4. Preference
options that an

irrigation support
tool should include

Value proposition;
Cost structure;

Customer segments;
Revenues strategy

SWOT analysis

Understand farmers’
opinions about IASs

implementation
within the

agricultural sector

Strengths,
Weaknesses,

Opportunities and
Threats of IASs

Value proposition

CE and WTP
Investigate farmers’
preferences for IASs

IASs attribute
preferences

Value proposition;
Cost structure

Willingness to pay for
IASs Revenues strategy
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4. Results and Discussion

4.1. Business Model Development

This section outlines the business model development through the description of key
components of the BMC. The stakeholders involved in the OPERA project were essential
for our research purposes and represented a relevant source of knowledge to understand
IASs’ limitations and, consequently, to design the BM. Indeed, the BM design is intended to
propose a new way to create and deliver value within IASs that may be helpful to overcome
the identified limitations linked to the adoption and diffusion of IASs.

First, potential IASs’ users and their needs are identified. Then, the value proposition and
the elements that create value in the service are described. A strategy to generate revenues
that outweigh costs is proposed to ensure the IASs’ financial sustainability. The other axes of
the BMC are briefly described through a graphic visualization of the canvas (Figure 1).

 
Figure 1. The nine elements of BMC for OPERA-related IASs.

4.1.1. Customer Segments and Their Needs

The first step in developing our business model was to define potential adopters of
IASs. As a matter of fact, a financially sustainable IAS relies on the willingness to pay
of its users. The OPERA potential users are all those who manage water resources for
irrigation purposes and those who take decisions about water resources management.
Generally, three main user segments, their interests and needs can be identified, as shown
in Figure 2. Farmers have to decide on how much and when to irrigate to maximize crop
productivity and profits. In addition, managers of water users’ associations have to monitor
the irrigation water consumption over seasons to comply with the exploitation plan, while
regional authorities require a spatially distributed monitoring of the water-exploitation plan
on the irrigation schemes, aquifers, or river basins. All these actors require access to a great
amount of information coming from different sources to properly manage water resources.
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Figure 2. User needs: description of the user segments (region, water users’ associations—WUA,
farmers) and relationship with their interests.

However, the availability of data for water management alone is not sufficient to guar-
antee the increase of water use efficiency in irrigation. Much depends on how these data
are delivered and used. According to the results from the stakeholders’ need assessment,
the most important characteristic of an IAS should be the “affordable cost”, followed by
“direct access to the information”, “easy use of information”, and “regularity in the delivery
of information”. Farmers and other water users are inclined to adopt new technologies to
increase water efficiency in irrigation together with a proper irrigation strategy, as technolo-
gies can increase their market competitiveness, improve the sustainability of the production
process, and lower the costs. However, stakeholders consider several constraints to the
market expansion of IASs in the private sector: affordability (cost of the technology relative
to the farmer’s income level, awareness (knowledge about the technology), accessibility
(options for obtaining the technology), and lack of customization (capacity to match farmer
needs with technological solutions). Based on this, it is possible to conclude that users
prefer IASs characterized by a direct and easy access to high-quality information that are
promptly and constantly delivered at an accessible cost.

4.1.2. The Value Proposition

The value proposition represents the core of any business model. According to Oster-
walder [33], value propositions are products and services that create value for a specific
customer segment. The ambition was to develop a service that could effectively support
water users in decision-making for irrigation-management purposes, particularly under
the anticipation of climate variability and critical moments of water scarcity. However, it is
fundamental that sustainable innovation meets user needs to be adopted successfully [42].
Hence, in our value proposition, value is created to address the specific needs of the users.
To this purpose, the IAS will be built upon some key features: integration, customization,
accessibility, and sustainability.

The main aspect to consider is integration. the IAS will make use of numerous available
technologies (e.g., Earth-observation or sensor) consequently providing different data
outcome and information. Data will be collected and integrated into an information and
communication technology (ICT) solution to be used by final users. The wide availability
of data will allow the users to choose the information that is most useful to them to meet
their water management needs. Indeed, the needs of users are very different depending on
the socioeconomic context and the climatic and environmental conditions. This translates
into a need for customization of the service that starts with the possibility of choosing
from a wide range of information and continues with a payment service based on the
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concept of pay for what you use. As high costs have been recognized as one of the main
limitations in adopting IASs, a pay-for-what-you-use approach may be able to limit the cost
for the users. This means that users will not be forced to pay a fee for the whole irrigation
advisory service; instead, they will pay to access the information they need when they need
it. Lowering the costs means increasing the accessibility of the service by reaching more
and more users. The concept of accessibility also refers to the possibility of accessing the
information provided by IASs. As a matter of fact, among the major limitations identified
by stakeholders, there is the complexity of information that may result in not user-friendly
interfaces and in difficulties to interpret and effectively use the data. Hence, the IAS will
be built to offer an intuitive interface that allows the users to use the products in the
easiest way and to visualize complex information in a simple graphic vest. Additionally,
the data will be prior processed and returned to the users as accessible and ready-to-use
practical irrigation advice. Practically, the service will be an ICT solution accessible through
a smartphone application, with a user-friendly interface. The tool will work with a great
amount of processed data providing (i) the ability to explore data from a catalogue by
choosing them based on specific needs; (ii) the possibility of evaluating the scenarios
resulting from the choices; and (iii) the possibility to receive daily weather bulletins and
alerts when extreme events are coming. Finally, integration, customization and accessibility
are essential to reach the sustainability of IAS (Figure 3). Thus, here the IAS is conceived
to be an ICT tool for the optimization of irrigation management, by increasing water use
efficiency and reducing production costs for farmers, but also to ensure sustainability
throughout all the service processes. Sustainability is intended in its environmental, social,
and financial terms. From the environmental perspective, the widespread diffusion of the
IAS among farmers and other water users will result in a more sustainable agriculture
able to produce more with less water resources, minimizing the negative environmental
impact of irrigation. Improving water efficiency also brings social benefits by optimizing
the access to water among different stakeholders and making water available for purposes
different from agriculture (e.g., more water for citizens), thus ensuring increasing water
security for all. Moreover, the increased water efficiency and productivity will result in
increased agricultural outputs that can be translated into greater food security. As for the
case of Gebrezgabhe et al., 2021 [19], our value proposition is intended not only to attract
customers to adopt IASs but also to encourage sustainable water management practices in
line with the perspective of a sustainable BMC [34].

 
Figure 3. Workflow of sustainability in the value proposition.

4.1.3. Revenues and Financial Sustainability

Since financial sustainability is fundamental to the deployment of IASs, a separate
paragraph describes our revenues-generation strategy. Among the main limitations in
adopting IASs, financial constraints, namely the lack of funding to sustain the IAS and the
high costs of the service, are the most relevant, resulting in low affordability for the users.
Most IAS are developed under research projects and consequently can rely on limited
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funding over time. In these cases, the service is offered for free—or almost for free—to the
users. Instead, where private enterprises provide the service, the cost of the IAS is much
higher with respect to the farmer’s income level. A financially sustainable IAS should
depend on the willingness to pay of its potential users rather than external funding. For
this reason, IASs must operate a shift from service for free to service for fee. On the other
hand, the high costs associated with the provision of this service represent an adoption
barrier. However, the result of our WTP analysis shows that farmers are willing to pay to
introduce an irrigation advisory system that results in an economic advantage over their
current situation. The effects of better irrigation management can be successful in terms of
increasing farmers’ income and to diminish the energy costs incurred by the management
of water bodies.

For all these reasons, a revenue strategy that is based on the concept of pay for what
you use is proposed, namely pay as you go (PAYG). Business models based on PAYG give
users the ability to pay for only what they use as they need it (e.g., the information they
need at any time they need it) and can afford it. In addition, they can also choose to pay
a fixed fee for a contract that can be monthly or yearly. The contract can be customized
with features that reflect the users need (e.g., interval of information delivery, amount of
information, time length of forecasts, and use of scenario for the decision making). All
these features will shape the total amount of the fee so that all those who manage water for
irrigation purposes can access the service even with basic functionalities. This payment
model enables a win-win situation in which the risks are minimized both for users and
providers. Indeed, users can access modern irrigation technologies at an affordable cost
while IASs providers reduce the operational risk and recover its cost. PAYG models are
widely adopted for irrigation technologies, especially when farmers’ access to finance is
limited [43,44].

Additionally, IAS may rely on external funding for extra revenues and benefits. As a
matter of fact, access to financing represents a great challenge to scaling-up agricultural
and irrigation technologies. Different finance mechanisms can include national direct and
indirect support programs, such as credit guarantee funds, value chain financing, and
price smoothing.

5. Conclusions

IASs improve water efficiency in irrigation, gaining increased productivity, and re-
ducing costs for farmers, together with environmental and social benefits. However, their
widespread adoption has been limited among users and managers of water for irrigation.
Surveying relevant stakeholders and potential users within the OPERA project revealed
that the constraints in adopting IASs may arise either from the user’s side, including farm-
ers’ low skills and knowledge of new technologies, and the services side, such as the low
accessibility of information or the high costs. Despite the existing limitations, farmers are
willing to adopt IASs. Nevertheless, they require that the service is easily accessible, with
high-quality information that are delivered at an affordable cost. BM seems to be a crucial
tool to support IASs’ strategic organization through the representation of the elements that
the service may innovate to create, deliver, capture, and exchange value with its customers.
The proposed BM is innovative in the sense that it is tailored to the needs of potential users
and has the potential to overcome the IASs diffusions barriers. The implementation of this
innovative business model will ensure that IAS becomes financially sustainable, without
the need for continued public funding, but only relying on the willingness to pay its users.
Further, a well-structured business that leaves the service profitable and that is capable
to ensure environmental and social sustainability while providing water use efficiency,
will attract potential investors, including governments and public agencies, to fund new
schemes. This research contributed to expanding the literature on business models and
their relationship with sustainable innovations for irrigation. Despite business models
seeming to be promising tools to support the diffusion and commercialization of IASs,
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further research is needed to empirically analyze the response of the users and the markets
to new ways to create value.

Limitations of the Study

This study represents novel research on IASs by taking a step forward in the appli-
cation of BMC to potentially scale up IASs through innovation and business perspectives.
However, it has several limitations. First, the lack of previous studies related to the topic
limited the possibility of conducting a systematic literature review and created some dif-
ficulties in discussing our results. Indeed, the concept of BM has been rarely applied to
IASs. A second limitation can be found in the study regarding the design of the BM. As
a matter of fact, it was not possible to segment our value proposition accordingly to the
different potential users that have been identified. This occurred because, during the data
collection, results were not classified according to stakeholders’ categories (i.e., farmers,
authorities, WUAs, etc.). Hence, the value proposition has been designed to be as inclusive
as possible to take into account the needs of all the customer segments. Lastly, our study
represents a theoretical exercise with the scope of understanding enablers and barriers of
IASs to propose an innovative business strategy capable to increase their diffusion. The
application of the BM to a specific case study is missing. Further research should address
this issue by implementing a BM in a real IAS company.
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Abstract: The Kingdom of Saudi Arabia (KSA) has witnessed major transformations in social, eco-
nomic, and environmental aspects since the inauguration of Saudi Vision 2030 in April 2016. In
alignment with this, the leadership of KSA has inaugurated green initiatives that pave the way for
green investment opportunities in different industries within KSA. However, there was limited, if any,
research about green investment intention and behaviour in KSA. This research tests an expanded
model of the Theory of Planned Behaviour (TPB) to investigate the determinants of green investment
intention in the Saudi food industry. A questionnaire survey was electronically directed to 550 fresh
agricultural and food sciences graduates in public KSA universities. The results of PLS-SEM showed
significant positive influences of the attitude, perceived behavioural control, green investment knowl-
edge, and green consumption commitment on the green investment intention of potential investors.
However, the results confirmed a negative influence of subjective norms on green investment inten-
tion. The results also confirmed a moderating role of religiosity on the relationship between attitude,
perceived behavioural control, green consumption commitment, and green investment intention. The
results send some important messages to scholars and policymakers in higher education regarding
the foundation of green investment among their graduates, which are elaborated.

Keywords: green investment intention; theory of planned behaviour; religiosity; green consumption
commitment; green investment knowledge

1. Introduction

The global food system is facing several challenges related to food security, environ-
mental sustainability, social equity, and economic viability [1–3]. These challenges are
driven by the increasing demand for food due to increasing population, water scarcity,
climate change, changes in consumption patterns, and the depletion of natural resources [1].
To address these challenges, sustainable food production practices have been developed to
reduce environmental impacts and improve the livelihoods of smallholder farmers. In the
context of Saudi Arabia, the food industry is an important sector that plays a significant role
in the country’s economy [4]. However, the industry is faced with numerous environmental
challenges that influence its sustainability, e.g., water scarcity, desertification, and land
degradation [5]. Green investment intention has emerged as a viable strategy to promote
sustainable food production practices in the Saudi food industry. The Saudi government
has launched several initiatives to promote the eco-system. These initiatives provide financ-
ing and incentives for sustainable agriculture, which can attract green investments and
promote sustainable food production practices. This research investigates the determinants
of green investment intention to promote sustainable agricultural food production in the
Saudi food industry. In the context of the Saudi food industry, green investments can
promote sustainable food production by financing the adoption of sustainable practices
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such as conservation agriculture and organic farming. These practices can promote soil
health, increase crop yield, reduce greenhouse gas emissions, and enhance biodiversity.

The initiation of the Kingdom of Saudi Arabia (KSA) Vision 2030 promoted consider-
able transformations in the social, economic, and governmental landscape [6]. The Saudi
Vision 2030 is a comprehensive national improvement strategy with three main objectives:
a vibrant economy, a thriving society, and an ambitious nation [7]. The Vision has led to
enormous changes in the economy’s operation by promoting non-oil sectors instead of
comprehensively relying on oil [7]. The Vision focuses on generating a diverse, thriving,
and sustainable economy to supplement the quality of lives of citizens [7]. Environmental
sustainability is one of the key issues in the Vision. Hence, there are several green initiatives
promoted by the leadership of KSA. This was started by the King Salman Renewable Green
Energy initiative in 2016, the National Renewable Energy Program in 2017, the launch
of the National Environment Strategy in 2108, and the “Let’s Make it Green” Campaign
in 2020 [8,9]. In 2021, The Middle East Green Initiative and Saudi Green Initiative were
inaugurated by the Crown Prince and Prime Minister of KSA, Mohamed Bin Salman [8,9].
These initiatives aim to create a greener future for all and meet the challenges of climate
change [8]. The Saudi Green Initiative has three main objectives, i.e., reducing emissions,
greening Saudi, and protecting the land and sea [9]. The first objective is to reduce emis-
sions by accelerating the green energy transition in KSA and mitigating the impacts of
climate change [4]. The key performance indicator is net zero emissions by 2060 [10]. The
second objective is to rehabilitate 40 million hectares of land by planting 10 billion trees
across KSA [11]. The third objective is to protect 30% of KSA’s land and sea [12]. The Saudi
leadership has a clear vision to champion climate actions in KSA and abroad through SGI
and MGI, respectively. However, these initiatives are in progress, and achievement reports
have not been announced yet.

Despite the clear vision of KSA’s leadership, green investment in KSA is still in its
infancy stage. The Crown Prince argued that these green initiatives paved the way for new
investment opportunities in green KSA, which need collaboration from all stakeholders.
Green investment is vital to ensure the proper implementation and success of these national
initiatives and advance the national agenda. Hence, there is a need to understand the
determinants of green investment intention in KSA to support the Saudi Vision 2030. This
is especially true for the Saudi food industry since KSA suffers from tough weather and
barren land; hence, it relies heavily on imports to meet the need of its citizens. One of the
objectives of the Saudi government is to ensure food security for the Kingdom, which can
be achieved while ensuring environmental sustainability [6]. The Saudi food market was
USD 14.16 billion in 2022 and is expected to grow to USD 30.47 billion by 2029 [13].

Green investment refers to investment activities that primarily conserve natural re-
sources and adopt environmentally friendly business practices [14]. This type of investment
has positive consequences on the environment, such as reducing greenhouse gas and air
pollution while maintaining the quality of production and consumption [14]. Green invest-
ment adopts new initiatives and technologies that ensure environmental sustainability [15].
Green investment is a key factor in the growth of renewable energy in China [15]. Green
investment is boosted by political support and economic growth [15], which is the case of
KSA, with economic prosperity. Despite the importance of green investment, studies on
the antecedents of green investment intention remain limited in general, and in developing
and Islamic countries, in particular, remain very limited [16]. This study bridges this
knowledge gap and investigates the determinants of green investment in the KSA food
industry that are critical to the economy and Saudi Vision 2030. This also contributes to the
achievement of sustainable development, which also becomes critical in today’s business
environment [17–19].

The current study tests an expanded model of the Theory of Planned Behaviour
(TPB) [20] to investigate the causes of green investment intention in the KSA food industry.
The study tests the influence of the three determinants of green TPB: attitude towards
behaviour (ATB), subjective norms (SNs), perceived behavioural control (PBC), as well as
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the effect of green investment knowledge [16] and green consumption commitment [21] of
the agricultural and food sciences graduates in KSA universities on their green investment
intention in the food industry. These graduates are expected to be potential investors. The
study tests the moderation effect of religiosity on such links. The role of religiosity was con-
sidered because KSA is categorised as an Islamic society [22]; hence, this study examined
whether this would have an impact on the above-mentioned relationships. The level of
green investment knowledge and sustainable agriculture practices can influence green in-
vestment intention [16]. Investors’ knowledge and understanding of sustainable agriculture
practices can enhance their willingness to invest in environmentally sustainable projects.
Therefore, promoting awareness and education about sustainable agriculture practices
can increase green investment intention in the Saudi food industry. Moreover, consumers’
willingness to choose sustainably produced food can create a demand for sustainable
farming practices [21], which can incentivise farmers to adopt sustainable practices.

To fulfil the purpose of this research, the next section reviews the literature in relation
to the effect of TPB, i.e., ATB, SNs, and PBC, as well as green consumption commitment
and green investment knowledge on green investment intention. It also considers the
moderation role of religiosity in this relationship. The next section presents the research
methods adopted for data collection and data analysis. The results of the collected data are
then presented and discussed. The implications of the study are highlighted, and the study
conclusion is presented.

2. Literature Review

2.1. Theory of Planned Behaviour and Green Investment

Ajzen [20] established the TPB framework to enhance the early developed Theory of
Reasoned Action (TRA) by adding PBC as an originator of behavioural intention. TPB
argues that ATB, SNs, and PBC are positively correlated with an individual’s intention
or motivation to undertake a certain behaviour. It also argues that behavioural intention
is the main determinant of an individual’s definite behaviour. ATB is the assessment
of the behaviour of interest, positively or negatively. Positive ATB is associated with
behavioural intention [21]. SNs include the influence perceived by an individual’s network
or people surrounding him/her, such as their peers, family, and teachers [20]. PBC refers
to an individual’s perceptions of his/her ability to perform a behaviour of interest [21].
Behavioural intention refers to the motivation or readiness of an individual to perform
a given behaviour [20]. The current study adopts TPB for understanding investment
intention among university graduates in a green context. TPB framework has been adopted
for examining human behaviour in different contexts, such as entrepreneurial intention
among higher education [23,24], food waste intention [25], excessive food buying [26], fast
food buying intention [27], healthy food item choices [28], state-branded food product
purchase [29], or consumer behaviour regarding organic menus [30].

The TPB framework was also extensively adopted to predict individual green purchase
intentions and behaviour. For example, Paul et al. [31] used TPB to examine customers’
green purchase intentions in India and found that both ATB and PBC have a positive effect
on customers’ intentions to purchase green items, whereas SNs have no effect on green pur-
chase intention. Moreover, Chen and Tung [32] tested TPB to predict customers’ intention to
stay at green hotels in Taiwan. The results showed that ATB, SNs, and PBC have a positive
effect on customers’ intentions to choose green hotels. Similarly, Han et al. [33] reported the
same findings among US customers. The study of Moon et al. [34] found that green ATB
and green SNs explained a substantial amount of variance in green purchase intentions
among university students in Pakistan [34]. Judge et al. [35] predicted consumers’ intention
to buy housing with sustainability certification using TPB. The results confirmed that TPB
variables predict consumers’ intention to buy housing with sustainability certification.

In the green investment context, there were some attempts by scholars to investigate
the drivers of green investment. For example, the study of Chan et al. [36] used TPB
to test the green investment intention among undergraduate students in Kuala Lumpur,
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Malaysia. The findings showed that the three variables of TPB (ATB, SNs, PBC) are
predictors of green investment intention. A study on investment intention in wind energy
projects in Germany [37] found that SNs and PBC positively affect wind energy investment
intention, whereas ATB has no effect on green investment intention. Yee et al. [38] examined
investment intention toward renewable energy in Malaysia and found that TPB constructs
have an indirect effect through the evaluation of the regulatory framework. A recent study
on the determinants of green investment intention in Muslim nations, i.e., Malaysia [17],
showed that ATB and PBC are among the key determinants of green investment intention.
Based on these arguments and the TPB framework, we assume hypotheses (H):

H1: Agricultural and food science graduates’ green attitudes positively affect their green invest-
ment intention.

H2: Agricultural and food science graduates’ green subjective norms positively affect their green
investment intention.

H3: Agricultural and food science graduates’ green perceived behavioural control positively affects
their green investment intention.

2.2. Green Consumption Commitment, Green Knowledge, Green Investment Intention

Research [16,21] has shown that there are other variables that could be determinants of
green investment intention, such as green consumption commitment and green investment
knowledge. Green consumption commitment refers to an individual’s preferences for
products or services with green characteristics [39]. Hence, those individuals with green
consumption commitment are ready to devote more time and money to these green prod-
ucts and/or services [40]. Previous research found that individuals who pay more attention
to environmental issues are more likely to be more concerned about green products and
services [41]. However, a high food consumption culture among consumers encourages
negative ecological practices such as food waste [25] or excessive buying behaviour [26].
Recent research [21] on green entrepreneurship intention found a moderating effect of
green consumption commitment on the relationships between green entrepreneurship
intention and actual behaviour. Other research found that consumption profile influences
wind energy investment intention as a green source of energy [37].

A relationship was also established between knowledge of green investment and green
investment intention and behaviour [16]. Recent research on risky investment intention [42]
in KSA has shown that financial knowledge has a direct effect on risky investment intention
among university graduates and an indirect influence through TPB constructs. Another
study [43] found a significant effect of investment awareness on investment intention. This
investment knowledge of graduates is shaped by university education support [23,24].
A recent study [17] found that knowledge of green investment is a predictor of green
investment among university students in Malaysia. Thus, we assume that:

H4: Agricultural and food science graduates’ green consumption commitment positively affects
their green investment intention.

H5: Agricultural and food science graduates’ knowledge of green positively affects their green
investment intention.

2.3. The Role of Religiosity

Religiosity refers to religious values and ideals that many individuals or groups hold
and practice [44]. It also can be defined as a commitment to a certain religion [45]. KSA
is categorised as an Islamic society, where its citizens believe that the Holy Quran is “the
Message of God” and his prophet Mohamed is “the Messenger of Islam”. Islam is one of
the heavenly religions that guide the attitude and behaviour of individuals and groups [46].
There is no doubt that religiosity drives human behaviour toward positive attitude and
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practice as the orders of God, whom they believe and trust [47]. It was confirmed that
religiosity guides an individual’s ethical practices [48] and lifestyle [49].

There is growing research on the role of religiosity in encouraging positive environ-
mental practices. While the study of Liobikienė et al. [50] found no link between religiosity
and naturally friendly behaviour, another study [51] found that the doctrinal ethical tenet
of religiosity guides consumers to nature conservation. It was confirmed that religiosity
positively influences the attitude of owner–managers toward environmental sustainabil-
ity [52]. Religiosity was found to be associated with positive environmental behaviour,
such as lower rates of smoking initiation [53]. Religiosity has a significant influence on
pro-environmental behaviour [54]. Research confirmed that Islamic values predict con-
sumers’ green buying intention and behaviour [55]. Wang et al. [56] found that religiosity
has an indirect influence on pro-environmental intention through frugality consciousness
and connectedness to nature. Osman et al. [17] found that Islamic religious values are
the most significant predictor of green investment intention among university students in
Malaysia. This study makes a first attempt to test the moderation effect of religiosity on the
link between determinants and green investment intention (Figure 1).

 

Green investment 

intention  

Attitude towards 

behaviour 

Subjective norms  
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Figure 1. Determinants of green investment intentions model.

As highlighted earlier in the introduction, the current study draws on the Theory of
Reasoned Action (TRA) and TPB [20] to test an expanded model of TPB. In this context, the
study tests the moderating effect of religiosity on the relationship between TPB constructs,
green investment knowledge, and green consumption intention on green investment
intention. We hypothesise that:

H6: Religiosity moderates the relationship between agricultural and food science graduates’ attitude
and their green investment intention.

H7: Religiosity moderates the relationship between agricultural and food science graduates’ subjec-
tive norms and their green investment intention.
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H8: Religiosity moderates the relationship between agricultural and food science graduates’ perceived
behavioural control and their green investment intention.

H9: Religiosity moderates the relationship between agricultural and food science graduates’ green
consumption commitment and their green investment intention.

H10: Religiosity moderates the relationship between agricultural and food science graduates’
knowledge of green investment and their green investment intention.

3. Methods

3.1. Study Measures

The survey form has three parts. The initial part explains the goals of the study and
offers directions for filling out the form. The second part solicits personal data from the
respondents, such as age and gender. Lastly, the third part includes the primary research
inquiries, which employ a 7-point Likert scale, where 1 means “strongly disagree” and
7 means “strongly agree”. We assessed the intention towards investing in green projects
by utilising three modified statements from Chen’s [57] research. The participants were
informed to express their level of concurrence or disagreement with statements related
to their willingness to regularly invest in eco-friendly (green) projects and encourage
others to do the same. Additionally, they were asked about their plans to invest in green
projects in the future. The items that measure GII showed good reliability with a value
equal to 0.891. The measures of TPB typically include attitude and subjective norm [17,18].
These measures are widely employed in different fields and are usually assessed through
self-reported scales where individuals evaluate the agreement or disagreement with the
questions related to each construct. The measures were slightly modified to match the
study context, where green attitude was measured using three items from Mohd Suki [58]
and showed good internal consistency in our study (a = 0.972). Similarly, green subjective
norms were measured using three items derived and modified from Gopi and Ramayah [59]
(a = 0.969). Green PBC was measured using four items (a = 0.959) as employed by Amin,
Rahman, and Razak [60].

From Jaffar and Musa [61], four items that measure green investment knowledge were
employed in our study and showed good and adequate reliability with a score equal to
0.987. Similarly, green consumption commitment was measured using four items adopted
from Zeithaml et al. [62]. Finally, religiosity as a moderating variable was measured using
three items (a = 0.836) from Jaafar and Musa [61]. All measures with related items are
presented in Table 1.

Table 1. Respondents descriptions.

Respondents Profile (n = 550) Frequencies %

University name

University of Mohammad ibn Saud Islamic 165 30%
University of King Faisal 137 25%

University of King Khaled 137 25%
University of Umm Al Qura 111 20%

Gender type Female 281 51%
Male 269 49%

Age range
<1 Years 165 30%

21–<25 Years 358 65%
>25 Years 27 05%

The questionnaire underwent testing by university professors (15) and graduates
(13) to confirm its consistency, clarity, and user-friendliness. We implemented measures
to ensure the confidentiality of respondents’ information. Since research surveys are
susceptible to Common Method Variance (CMV), Harman’s single-factor was undertaken
with Exploratory Factor Analysis (EFA) to discover potential CMV. The EFA findings
revealed that CMV was not a problem since one single variable clarified only 41% of
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the variance in the endogenous one, which is below the 50% threshold recommended by
Nunnally [63].

3.2. Participants and Methods of Data Collection

The research team conducted a random survey of graduates in agriculture and food
science from national universities located in various provinces of the Kingdom of Saudi
Arabia. A digital survey was distributed to national universities. The team leveraged their
connections with professors and lecturers to disseminate the survey via official university
emails and other social networking sites (i.e., WhatsApp groups). Contribution was volun-
tary, and the questionnaire introduction clearly communicated its purpose and the privacy
of all collected data. We sent out a survey to graduates who may be interested in investing,
and they received the survey in November and December 2022. A total of 600 forms were
distributed, and 537 had usable responses, resulting in a total of 550 (537 + 13 pilot study
graduates) with a response rate of 91.6%. We did not have any issues with late answers. A
t-test showed no significant differences in the means, which confirmed that there was no
bias in the responses [64].

3.3. Data Analysis Procedures

This research utilised PLS-SEM with the SmartPLS vs. 4-software [65]. PLS-SEM is
considered a non-parametric technique that calculates the variance in latent dimensions [66]
and is commonly used in management science. Smart PLS-SEM is usually employed to in-
vestigate the connections between different variables. Following Leguina’s [67] suggestion,
we evaluated the suggested theoretical model in two main stages: (1) first for convergent
and discriminant validity, then (2) for hypothesis confirmation.

4. Research Results

4.1. Descriptive Analysis Results

The surveyed students had almost equal representation of males and females, with
90% of them between the ages of 17 and 25. A total of 30% were from Mohammad ibn Saud
Islamic University, 25% of the participants were enrolled at King Faisal University, 25% at
King Khaled University, and 20% at Umm Al-Qura University. The answers to the survey
questions varied, with mean scores ranging from 4.33 to 5.60 and standard deviation values
between 1.083 and 1.818, which suggests that the responses were not grouped around the
mean. Additionally, the variance inflation value was lower than 0.5 for the survey items,
meaning that multicollinearity was not a concern.

4.2. Outer Model Evaluation

To ensure the validity and reliability of the research, a number of benchmarks (indices)
were employed per the recommendations of Hair et al. [66] and Kline [68], including
the composite reliability (CR) value, internal consistency reliability (a) value, convergent
validity index, and discriminant validity index.

4.2.1. Convergent Validity Results

To evaluate the convergent validity of the employed scale, a number of criteria were
used, including Cronbach’s alpha (a), reliability, composite reliability (C.R.), loadings, and
Average Variance Extracted (AVE). As shown in Table 2, the C.R. and (a) values for all
the scales employed surpassed the threshold value of 0.7, indicating an appropriate level
of internal reliability [66]. These values were as follows: DII (a = 0.81, C.R = 0.82); green
attitude (a = 0.97, C.R = 0.97); green subjective norms (a = 0.96, C.R = 0.97); green perceived
behaviour control (a = 0.95, C.R = 96); green investment knowledge (a = 95, C.R = 98); green
consumption commitment; and religiosity (a = 0.97, C.R = 0.97).
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Table 2. Psychometric properties.

Abbr. SFL α C.R AVE

Green Attitude 0.972 0.975 0.946
In my opinion, opting for green investments is a smart choice. 0.962

I believe that the performance of green investments is usually dependable. 0.985
I have faith that the assertions made about green investments are usually credible. 0.971

Green investment intention 0.819 0.820 0.734
I plan to make frequent investments in green projects. 0.868

I intend to promote green investments to my friends and family. 0.848
I have plans to invest in green projects in the near future. 0.854

Green consumption commitment 0.973 0.973 0.925
My future goal is to create eco-friendly products. 0.980

I am keen to suggest green products to my friends and acquaintances. 0.971
I speak positively about environmentally-friendly products to others. 0.973

I would motivate others to develop green products. 0.923
Green investment knowledge 0.987 0.988 0.963

I am aware of the availability of eco-friendly investments. 0.990
I engage in green investments because they align with my environmental values. 0.984

I invest in green projects because they offer greater environmental advantages compared
to other options. 0.990

Green investments have the potential to yield long-term benefits. 0.961
Green perceived behavioural control 0.959 0.967 0.891

I am capable of taking part in green investments. 0.920
It would be effortless for me to engage in green investments 0.956

I trust my ability to select the type of eco-friendly investment that suits me. 0.947
I am interested in investing in green initiatives. 0.952

Religiosity 0.836 0.860 0.753
Shariah-compliant financial institutions and organisations that offer green investments

are available. 0.881

Green investments provided by Islamic financial institutions and agencies do not
involve interest-based transactions. 0.913

My religious beliefs inspire me to partake in eco-friendly investments. 0.806
Green subjective norms 0.969 0.973 0.942

The majority of individuals whose perspectives I esteem would endorse my
involvement in green investments. 0.975

People who hold significance in my life believe that I should engage in
eco-friendly investments. 0.982

My loved ones, who hold great importance in my life, support my decision to invest in
green initiatives. 0.954

The research constructs were found to be reliable, as each factor had an SFL “stan-
dardised factor loading” value that was greater than 0.70. Convergent validity was also
established by assessing AVE values to a cutoff point of 0.5 [69]. To test the scale discrimi-
nant validity, the Fornell–Larcker criterion, the cross-loading matrixes, and the heterotrait–
monotrait method ratios (HTMT) were used, as recommended by Leguina [67].

4.2.2. Discriminant Validity Results

To test the discriminant validity of the research factors, cross-loadings, the Fornell–
Larcker criterion, and the heterotrait–monotrait ratio were used. Each latent unobserved
variable’s outer loading was higher than its cross-loading, as shown in Table 3 [67], in-
dicating that discriminant validity was established. Furthermore, Table 4 shows that
the AVE scores on the diagonal were higher than the inter-variable correlations, giving
more evidence of adequate discriminant validity [68]. Lastly, the HTMT scores should
be lower than the 0.90 cutoff point, as recommended by Leguina [67], and the reference
value in Table 4 was satisfied. All of these results confirmed that the research constructs
have high discriminant validity, and the hypotheses were then evaluated with the outer
structural model.
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Table 3. Cross-loading matrix.

1 2 3 4 5 6 7

1. Green attitude
G.Attude_1 0.96 0.11 0.26 0.03 0.22 0.23 −0.01
G.Attude_2 0.99 0.06 0.24 −0.04 0.18 0.14 −0.06
G.Attude_3 0.97 0.05 0.23 −0.03 0.19 0.12 −0.07

2. Green investment intention
G.Invst_1 0.19 0.38 0.87 0.26 −0.09 0.38 0.40
G.Invst_2 0.24 0.31 0.85 0.23 −0.19 0.36 0.28
G.Invst_3 0.21 0.43 0.85 0.40 −0.06 0.27 0.32

3. Green consumption commitment (G_Comtt)
G_Comtt_1 0.09 0.97 0.42 0.33 −0.07 0.30 0.34
G_Comtt_2 0.06 0.92 0.43 0.33 −0.15 0.21 0.33
G_Comtt_3 −0.02 0.32 0.34 0.99 0.15 0.26 0.41
G_Comtt_4 −0.02 0.30 0.35 0.98 0.10 0.21 0.41

4. Green investment knowledge
G_Invst_knw_1 0.08 0.98 0.42 0.29 −0.14 0.26 0.33
G_Invst_knw_2 0.06 0.97 0.41 0.32 −0.07 0.28 0.34
G_Invst_knw_3 0.09 0.97 0.42 0.33 −0.07 0.30 0.34
G_Invst_knw_4 0.06 0.92 0.43 0.33 −0.15 0.21 0.33

5. Green perceived behavioural control
Per_Beh_1 0.14 0.25 0.32 0.28 0.05 0.92 0.19
Per_Beh_2 0.16 0.28 0.35 0.27 0.03 0.96 0.22
Per_Beh_3 0.18 0.25 0.41 0.16 −0.12 0.95 0.19
Per_Beh_4 0.17 0.25 0.40 0.19 −0.08 0.95 0.21

6. Religiosity
Reliogisty_1 −0.05 0.26 0.28 0.41 −0.15 0.13 0.88
Reliogisty_2 −0.01 0.34 0.40 0.34 −0.12 0.20 0.91
Reliogisty_3 −0.07 0.29 0.33 0.33 −0.22 0.22 0.81

7. Green subjective norms
Subj_Nrms_1 0.21 −0.13 −0.12 0.11 0.98 −0.03 −0.17
Subj_Nrms_2 0.18 −0.13 −0.14 0.10 0.98 −0.07 −0.20
Subj_Nrms_3 0.20 −0.06 −0.10 0.18 0.95 −0.01 −0.14

Table 4. Fornell–Larcker matrix and HTMT matrix.

Fornell–Larcker Criterion HTMT Results

a b c d e f g a b c d e f g

a. Green Attitude 0.97

b. Green Consumption
Commitment 0.07 0.96 0.07

c. Green Investment Intention 0.25 0.43 0.85 0.28 0.48

d. Green Investment Knowledge −0.01 0.32 0.34 0.98 0.03 0.33 0.38

e. Green Subjective Norms 0.20 −0.11 −0.12 0.12 0.97 0.20 0.11 0.14 0.13

f. Perceived Behavioral Control 0.17 0.27 0.39 0.23 −0.03 0.94 0.17 0.28 0.44 0.24 0.08

g. Religiosity −0.04 0.34 0.39 0.41 −0.18 0.21 0.86 0.05 0.38 0.46 0.45 0.20 0.23

4.3. Inner Model Evaluation

The study employed SmartPLS 4′s inner model to examine the hypotheses. The aim
was to evaluate the capability of the study model to clarify and anticipate the variations
in endogenous variables triggered by exogenous variables [69]. Additionally, to assess
the model’s goodness of fit (GoF), we utilised the equation introduced by Chin [70]. This
equation computes GoF by obtaining the square root of the R2 multiplied by the average
of all AVE values. Our GoF analysis yielded a score of 0.59, which suggests a substantial
level of model fit, as recommended by Wetzels et al. [71]. To confirm the goodness of fit
(GoF) of the research model, the value of the endogenous variables should be at least 0.10.
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The R2 value of the endogenous latent variable GII in our study was 0.401, which exceeded
the recommended scores and gave more evidence that the study model adequately fits the
study’s empirical data. Additionally, the Stone–Geisser Q2 statistic had a value of 0.376
for GII, which was more than zero, indicating an acceptable result [70]. Furthermore, the
SRMR score should be lower than the value of 0.08, and the NFI value had to be greater
than 0.90 to safeguard adequate model fit to the data [67].

The study yielded an SRMR value of 0.040; this result shows that the calculated
residual value obtained by fitting the variance–covariance matrix of the proposed model
to the observed sample data’s variance–covariance matrix is less than the predetermined
threshold of 0.08, as suggested by Hair et al. [66] and Kline [68]. Additionally, the NFI score
surpassed the recommended threshold of 0.90, which indicates a good fit. Furthermore,
the f 2 values, which quantify the change in R2 after removing an exogenous variable, were
also computed. The findings demonstrated that the exogenous variables had a minimal
impact on the GII (green attitude, f 2 = 0.093; consumption commitment, f 2 = 0.053; green
investment knowledge, f 2 = 0.031; green perceived behaviour control, f 2 = 0.046; and green
subjective norms, f 2 = 0.017). This implies that removing any exogenous variables from
the model would only result in a slight alteration in the main model, as suggested by
Cohen [72].

Once a satisfactory model fit was established, a 5000 bootstrapping repetition was
employed in SmartPLS4 to determine the path coefficient and t-value for the study’s
proposed interrelationships and moderation paths, which are presented in Table 5 and
Figure 2. The study suggested and evaluated ten hypotheses, with five being direct
relationships and the other five involving moderation. The PLS-SEM findings revealed
that GII was positively and significantly influenced by green attitude (β = 0.259, t = 6.327,
p < 0.001), green consumption commitment (β = 0.221, t = 4.712, p < 0.001), green investment
knowledge (β = 0.169, t = 4.559, p < 0.001), and green perceived behaviour control (β = 0.187,
t = 5.389, p < 0.001), hence corroborating hypotheses H1, H2, H3, and H4. However, contrary
to expectations, subjective norms had a significant but negative effect on GII (β = −0.111,
t-value = 2.740, p < 0.001), which resulted in the rejection of H5.

Table 5. Hypotheses evaluation.

Hypotheses
Beta
(β)

t-Value p-Value Results

H1 Green Attitude → Green Investment Intention 0.259 6.327 0.000 Accepted
H2 Green Consumption Commitment → Green Investment Intention 0.221 4.712 0.000 Accepted
H3 Green Investment Knowledge → Green Investment Intention 0.169 4.559 0.000 Accepted
H4 Green Perceived Behavioral Control → Green Investment Intention 0.187 5.389 0.000 Accepted
H5 Green Subjective Norms → Green Investment Intention −0.111 2.740 0.006 Not Accepted
H6 Religiosity × Green Subjective Norms → Green Investment Intention 0.047 1.253 0.210 Not Accepted

H7 Religiosity × Green Perceived Behavioral Control → Green
Investment Intention 0.124 2.892 0.005 Accepted

H8 Religiosity × Green Attitude → Green Investment Intention 0.120 2.687 0.004 Accepted

H9 Religiosity × Green Consumption Commitment → Green
Investment Intention 0.082 2.360 0.018 Accepted

H10 Religiosity × Green Investment Knowledge → Green
Investment Intention 0.057 1.676 0.094 Not Accepted
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Figure 2. The research model.

The study’s findings also provide information on how religious beliefs moderate
the relationships being examined. The results displayed in Table 5 indicate that there
was no significant impact of religiosity on the green subjective norms–GII path (β = 0.47,
t = 1.253, p = 0.210), nor on the link between green investment knowledge and GII (β = 0.057,
t = 1.676, p = 0.094). Consequently, hypotheses H6 and H10 were not supported. Conversely,
religiosity did have a significant moderating effect on the green perceived behaviour control–
GII path (β = 0.124, t = 2.892, p < 0.01), the green attitude–GII path (β = 120, t = 2.687,
p < 0.01), and the green consumption commitment–GII path (β = 0.082, t = 2.360, p < 0.05).
Therefore, Hypotheses H7, H8, and H9 were supported, as seen in Table 5, Figures 2 and 3.
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Figure 3. Slope Analysis.

5. Discussion

Environmental sustainability draws the consideration of policymakers and academics
in the context of KSA, especially after instating Vision 2030. This research is among new
attempts that investigate the determinants of green investment intention among graduates
of agriculture and food science. The study examined an expanded model of TPB that
incorporates green ATB, SNs, and PCB with green investment knowledge and green
consumption commitment as key determinants of green investment intention. The research
examined the moderation role of religiosity in these relationships.

The findings of PLS-SEM supported the TPB framework [20,21] that green ATB and
PBC positively and significantly influence green investment intention. These results mean
that positive green ATB and green PBC are predictors of green investment intention. These
findings are in line with Chan et al. [36], who also found that ATB and PBC are predictors
of green investment intention. They also support the work of Osman et al. [17] that ATB
and PBC are key determinants of green investment intention. These results confirm that
graduates hold positive green ATB. They feel that green investment is a wise idea, green
investment performance is generally reliable, and green investment claims are generally
trustworthy. The results also mean that graduates perceive themselves as able to participate
in green investment. They find it easy to participate in green investment, and they have
control in choosing a green investment and want to do this. On the other side, the findings
confirmed the negative effect of green SNs on green investment intention. The results
confirm that the social influence on green investment is significantly negative. Saudi is
categorised as a collective society [73]; hence, its citizens are highly influenced by the
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opinion of their family members and friends. The results confirm that social networks
and people whose opinions graduates value would not approve of their participation
in green investment. These people do not think that graduates should participate in
green investment.

The results showed that green consumption commitment among agriculture and food
science graduates positively influenced their intention toward green investment. This
means that graduates have preferences for green products and services. This positive com-
mitment toward green consumption stimulates graduates to encourage others to establish
green products. Such green commitment consumption encourages positive environmental
intention and behaviour [21]. Additionally, supporting previous literature reviews [17,43],
the current research found that green investment knowledge has a significant positive influ-
ence on green investment intention. The results confirm that agriculture and food science
graduates have knowledge of green investment, which encourages them to participate in
green investment. They believe that green investment is beneficial in the long term.

With regard to the moderation effect of religiosity, the results showed that religiosity
has a significant moderating effect on the relationship between green PBC, green ATB,
green consumption commitment, and green investment intentions. These results mean
that religiosity has the ability to enhance these relationships; hence, it could stimulate
green investment intention. On the other hand, religiosity was found to have no significant
influence on the relationship between green SNs, green investment knowledge, and green
investment intention. In other words, religiosity failed to change the influence of green SNs
and green knowledge on green investment intention. Despite this, religiosity still had an
impact on green investment intention by moderating the effect of green PBC, green ATB,
and green consumption commitment on green investment intentions.

The results have important implications for scholars and policymakers. The results
confirmed the direct effect of green ATB, green PBC, green knowledge, and green con-
sumption commitment on green investment intention among agriculture and food science
graduates, which has great implications for the growth and sustainability of the Saudi food
industry. It is, therefore, important that policymakers pay more attention to these factors
to stimulate green investment intention, hence, ensuring sustainable development [18,19].
The results also confirmed the moderating effect of religiosity on the relationship between
green ATB, green PBC, green consumption commitment, and green investment intention. It
is important that policymakers promote green social influence since this was found to have
a significant negative influence on green investment intention. This social influence could
be created by university education support given to students and graduates to encourage
them to engage in entrepreneurship and investment [23], particularly green investment.
University incubation support can also play an important role in stimulating green in-
vestment intention [24]. In addition, media activities, including social media, could also
be undertaken to highlight the value of green investment for society. The current study
highlighted that the role of government is important in stimulating green investment not
just through regulation [17] but also through the education system, which has a signifi-
cant effect on graduates’ green ATB, green SNs, green PBC, green knowledge, and green
consumption commitment. This green investment intention is the significant predictor of
actual green investment, which has implications for sustainable KSA.

6. Conclusions

The research investigated a more comprehensive version of TPB, which included green
ATB, SNs, and PCB, along with green investment knowledge and green consumption com-
mitment as important factors affecting people’s willingness to make green investments. The
study also looked at how religiosity affects the relationship between these variables. Data
were collected from 550 fresh graduates from agriculture and food science programs in four
national universities in KSA (Mohammad ibn Saud Islamic University, King Faisal Univer-
sity, King Khaled University, and Umm Al-Qura University). PLS-SEM was employed as
the main data analysis technique to analyse the collected data. The results of the PLS-SEM
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analysis indicated that green attitude, green consumption commitment, green investment
knowledge, and green perceived behaviour control had a positive and significant impact on
GII (Green Investment Intention). However, contrary to the hypothesis, subjective norms
had a significant negative effect on GII. Moreover, the findings indicated that the impact
of green perceived behaviour control (PBC), green attitude towards behaviour (ATB), and
green consumption commitment on green investment intentions is significantly moderated
by religiosity. Religiosity can strengthen these connections and consequently promote
the intention to invest in green initiatives. However, religiosity was found to have no
meaningful impact on the connection between green social norms (SNs), green investment
knowledge, and green investment intention. In other words, religiosity did not alter the
influence of green social norms and green knowledge on green investment intention.

The current research focused on fresh graduates of agriculture and food science
programs using a self-reporting study. Further research could examine the intention
of current investors in the Saudi food industry and their intention to turn their current
business green. The research has not examined the effect of gender on these links, which
could have different results [74]. Hence, further research could examine these results with
a wider research sample and examine the role of gender. Other research could examine the
influence of personality traits on green investment intention. Additionally, the influence of
green legislation on green investment intention and behaviour could be examined.
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Abstract: Farmers’ adoption of water-saving irrigation technology (WSIT) is essential for achieving
high-quality agricultural development. An in-depth analysis of the impact of risk aversion, technical
training and their interaction on farmers’ adoption of WSIT will help the government to promote
WSIT to facilitate agricultural resource conservation and sustainable development. The study takes
707 farmers who grow watermelons and muskmelon in Yuncheng and Xian City of Shanxi and
Shaanxi provinces as the research object to analyse the influence of risk aversion and technical
training and their interaction terms on farmers’ WSIT adoption behaviour. The study uses the Probit
and moderating effect models to outline the findings. The empirical analysis reveals the following
outcomes: (i) 27.44% of the sample farmers adopt water-saving irrigation technology, indicating that
the current adoption rate and the enthusiasm for adoption are relatively low; (ii) risk aversion has
a significant negative impact on farmers’ adoption of WSIT; (iii) both online and offline technical
training have a significant positive impact on farmers’ adoption of WSIT; (iv) significant group
differences exist in the effects of risk aversion, online technical training, offline technical training and
interaction items on farmers’ WSIT adoption behaviour. Therefore, the study proposes to strengthen
the role of technical training in the diffusion of WSIT and implement differentiated technical training
for different types of farmers to reduce the degree of risk aversion of farmers.

Keywords: risk aversion; offline technical training; online technical training; farmers’ water-saving
irrigation technology adoption behaviour; moderating effect

1. Introduction

Water scarcity is now emerging as an underappreciated challenge to the integrity
of China’s comprehensive development goals [1]. China’s per capita water resources
are one-fourth of the world’s average level [2], and day by day, it is decreasing at an
alarming rate [3,4]. With the significant development of China’s overall economy, and high
water consumption trends by manufacturing industries, the contradiction between the
supply and demand of water resources will further intensify [5,6]. As a dominant user
of water resources, China’s agricultural sector consumes a significant proportion of the
existing water resources. According to the Bulletin of the Ministry of Water Resources of
China, the agricultural water consumption in 2021 will be 235 billion m3, accounting for
74% of the total water consumption [7]. However, the effective utilization coefficient of
China’s farmland irrigation water is only 0.6, which is still far behind the average level of
0.7–0.8 in developed countries [8,9], further exacerbating the contradiction between the
supply and demand of water resources for agricultural production. Under the combined
effects of the widespread shortages of water resources and poor agricultural irrigation
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conditions, China’s high-quality agricultural development and green transformation face
significant bottlenecks.

Moreover, the contradiction between the supply and demand of water resources has
severely impacted farmers’ agricultural production and livelihood and poses a severe threat
to their future sustainable development [10,11]. Compared with traditional irrigation meth-
ods, high-efficiency water-saving irrigation technologies such as channel seepage, droppers,
micro-sprinkler and drip irrigation systems can improve water resource utilization effi-
ciency, effectively improve cultivated land quality and increase planting intensity [12].
Those systems can also foster the dual effects of improving the ecology and increasing
agricultural income [13]. Therefore, supporting farmers to adopt high-efficiency water-
saving irrigation technology and improving farmers’ cognitive prospects to reduce water
loss has become an inevitable choice to solve the above contradictions [14,15]. However,
farmers’ adoption of water-saving irrigation technology is not optimistic, and they are
not very aware of water-saving irrigation technology and even less motivated to adopt
it [16]; especially in developing countries, the situation is even worse [17,18]. Even rural
farmers resist water-saving irrigation technology and technology adoption, and average
household sizes are low [19,20]. Given this, how to effectively promote farmers to adopt
water-saving irrigation technology has become a practical problem to be solved urgently by
the government and academia. It is generally believed that farmers’ production technology
selection behaviour is closely related to internal factors and external factors [21]. Regard-
ing internal factors, it mainly analyses the effects of family demographic characteristics,
economic endowment characteristics, differences in socioeconomic status, social capital
and production risks on farmers’ adoption of water-saving irrigation technology [22,23].
Regarding the external environment, the impact of technical attributes, market environ-
ment, natural environment, policy environment and land property rights may be crucial to
the adoption behaviour of farmers’ water-saving irrigation technology [24].

According to the development economics theory, high-risk aversion is an essential
characteristic of small farmers. Some studies (such as Grové et al. [25], Hu et al. [26] and
Adere et al. [27]) indicate that higher risk aversion of farmers will lead to slow technology
diffusion. Logically, it will make them less motivated to adopt water-saving irrigation
technology. Therefore, it is necessary to pay attention to the impact of technical training
in the external environment on farmers’ water-saving irrigation technology adoption to
solve the problem of low water-saving irrigation technology adoption due to farmers’
risk aversion [28]. On the one hand, technical training is an essential channel for farmers
to understand and adopt risk avoidance measures [29,30]. On the other hand, technical
training can efficiently transmit information and increase the availability of new technolo-
gies [31]. It is helpful for farmers to learn agricultural knowledge and technology and
use the experience to continuously accumulate and improve the structure of agricultural
technology knowledge [32,33]. It also plays a leading role in technology demonstration
to increase the diffusion speed of water-saving irrigation technology and to increase the
speed of water-saving irrigation for farmers’ technology adoption rate [34].

In the existing literature, risk aversion and the impact of technical training have been
explored separately. Very limited literature has integrated these two into an integrated
framework on farmers’ water-saving irrigation technology adoption behaviour has not
been analysed sufficiently. However, most studies only start from the perspective of offline
technical training, such as government or cooperatives. Few studies include online technical
training in analysing farmers’ water-saving irrigation technology adoption behaviour. The
study aims to analyse how risk avoidance and online and offline technical training work
together for farmers adopting water-saving irrigation technology. To the best of our
knowledge, the study will be one of the first attempts to explore the impact of online and
offline training in farmers’ water-saving irrigation technology adoption. Moreover, using
a behavioural analysis framework, the study also provides a comparative analysis of the
impact of online technical training on farmers’ risk aversion behaviour, which is of prime
significance to the study. The empirical setup of the study comprised a data set of 707 melon
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farmers in Yuncheng and Xian City of Shanxi and Shaanxi provinces, China. Specifically,
the researchers utilized the Probit and moderating effect models to analyse the influence of
risk aversion, technical training, and interaction items on farmers’ water-saving irrigation
technology adoption behaviour. The study will comprehensively explain the behavioural
logic of Chinese farmers’ water-saving irrigation technology adoption and provide a
decision-making reference for relevant governmental departments to promote farmers’
water-saving irrigation technology adoption and the sustainable use of water resources.

2. Theoretical Analysis and Research Hypotheses

2.1. Influence of Risk Aversion on Farmers’ Adoption Behavior of Water-Saving
Irrigation Technology

Technically, as a core economic entity, farmers are risk-sensitive and tend to avoid
risk [34], especially in adopting novel approaches or tactics [35]. Moreover, various studies
(such as Zhou et al. [36], Mooney et al. [37] and Ojo et al. [38]) outline that farmers have very
limited risk-taking and coping capabilities in the process of agricultural production and
operation. They must consider profit maximization and risk minimization when adopting
production technology. Therefore, the motivation of farmers’ risk preference is the key to
slow technology diffusion [39], and risk aversion leads to a low adoption rate of farmers’
water-saving irrigation technology, which inhibits farmers’ enthusiasm for adoption [40].
This is because the higher the degree of risk aversion of farmers, the more generally they
maintain a scrutinous and cautious attitude in the production process and rational thinking
to avoid risks and shocks. In agriculture economics, water-saving irrigation technology can
play an irreplaceable role in land–water resource utilization efficiency, improving cultivated
land quality, increasing yield per hectare and promoting sustainable agricultural develop-
ment [41]. Specifically in China, various factors influence farmer’s behaviour in adopting
water-saving irrigation technology, such as, for farmers, the risk of uncertain returns of
agricultural products, the frequent fluctuations in the price of agricultural products, the
weak bargaining power of marginal farmers, the poor market price information and the
high requirements for input costs in the early stage of water-saving irrigation technology
adoption [42]. However, there are still more significant risks in adopting water-saving
irrigation technology. According to the study of Wang et al. [43], the cost invested in
water-saving irrigation technology may not bring the corresponding expected return, in-
hibiting farmers’ adoption of water-saving irrigation technology. Existing literature (such
as Tian et al. [44], Yang et al. [45] and Bakhshi et al. [46]) highlighted the potential risk of the
improper application of water-saving irrigation technology and found that there are dual
attributes of knowledge-intensive and capital-intensive at play, which requires high-quality
knowledge of the subject of technology adoption. When farmers have a relative deprivition
of risk regarding the technical know-how of new technology, they are more likely to avoid
it [47,48]. Therefore, it can be argued that the higher the degree of risk aversion of farmers,
the lower the framer’s enthusiasm for water-saving irrigation technology, which eventually
hinders the adoption rate. Accordingly, this study proposes the first research hypothesis:

H1. Risk aversion has a negative impact on farmers’ adoption of water-saving irrigation technology.

2.2. Effects of Technical Training on Farmers’ Water-Saving Irrigation Technology
Adoption Behavior

Agricultural technology training is a scientific, structured and promotional activity
that takes farmers as the training objects [49,50] and may improve farmers’ agricultural
technology cognition, information acquisition ability and agricultural literacy through
various channels including knowledge sharing and demonstration [51,52]. Water-saving
irrigation technology is an exogenous technology with knowledge-intensive attributes [53].
Therefore, according to the existing literature, technical training mainly affects farmers’
water-saving irrigation technology adoption through the following two channels: First,
technical training helps farmers break down information barriers, increases farmers’ in-
formation and understanding of water-saving irrigation technologies, improves farmers’
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agricultural technical literacy, and deepens their knowledge of water-saving irrigation
technologies to improve the quality of cultivated land, increase crop yield and income per
hectare and save energy [54,55]. The degree of awareness of water resources and other
benefits makes them more active in adopting water-saving irrigation technology [56,57],
which promotes the adopters to obtain relevant information actively and helps farmers
break information barriers [58]. Second, technical training can help obtain product, market
and policy information to promote the deepening and expansion of knowledge and experi-
ence of farmers and further rationally optimize the endowment of agricultural production
resources [59,60]. Moreover, it may ease the factor endowment constraints of farmers
adopting water-saving irrigation technology so that farmers can actively adopt it without
significantly impacting the current family business situation [61,62]. With the promotion
and use of infrastructure and digital technology, technical training can be divided into
two categories: (i) offline and (ii) online technical training, according to different training
forms [63,64].

Offline technical training refers to the publicity, promotion of technical knowledge
and transfer of relevant information by agricultural technicians or experts by distributing
agricultural information materials, broadcasting, classroom explanations and field demon-
strations. Online technical training refers to relying on the internet and digital technology,
using computers and smartphones as a platform for public accounts or web pages, and
using short videos to help farmers obtain relevant technical knowledge and information.
Online technical training can break time and regional boundaries and transmit information
to more farmers at a lower cost, break down information barriers, and reduce farmers’
information asymmetry [65]. Due to the different emphases of offline and online technical
training, these two may impact the adoption behaviour of farmers’ water-saving irrigation
technology [66]. Compared with online technical training, offline technical training can
alleviate the contradiction between the knowledge- and capital-intensive attributes of
water-saving irrigation technology and farmers’ technical cognition and application ability
and help promote the adoption of water-saving irrigation technology [67]. Accordingly, the
study proposes the second and third research hypotheses:

H2. Participating in technical training positively impacts farmers’ adoption of water-saving
irrigation technologies.

H3. Unlike online technical training, offline technical training has a more substantial positive effect
on farmers’ adoption of water-saving irrigation technology.

2.3. Mitigation Effect of Technical Training on Risk Aversion Inhibiting Farmers’ Adoption of
Water-Saving Irrigation Technology

Farmers’ risk preference is the key to technology diffusion and can significantly alter
the behavioural factors of farmers [68,69]. In order to solve the “dilemma” of farmers’
risk aversion and technology adoption, technical training is regarded as promoting the
adoption of production technology by farmers and saving agricultural production [70].
The impact of risk aversion on farmers’ behaviour is not static but changes with the
external environment [71,72]. As a typical form of the external environment, technical
training can effectively change the endowment constraints of farmers and enhance farmers’
confidence and skills in using technology effectively [73]. Therefore, it is essential to
alleviate the inhibitory effect of risk aversion on farmers’ adoption of water-saving irrigation
technology. This is mainly reflected in two aspects: First, technical training can correct
the information asymmetry between farmers’ risk aversion and water-saving irrigation
technology adoption by introducing external technical knowledge and confidence and
prompt farmers to evaluate water-saving irrigation correctly and rationally [74]. The risks
faced by technology adoption form a positive expected return and reduce the negative
impact of risk aversion on farmers’ water-saving irrigation technology adoption behaviour.
Second, technical training can improve farmers’ awareness of water-saving irrigation
technology [75]. Farmers can learn standardized technical operation knowledge through
online and offline technical training and are familiar with various water-saving irrigation
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technical facilities and their use and maintenance [76]. It can also enhance the confidence
and application ability of water-saving irrigation technology adoption, reduce farmers’
concerns about the risk of unsuitable technology or improper operation and effectively
resolve the negative impact of risk aversion on farmers’ water-saving irrigation technology
adoption behaviour [77]. Accordingly, this paper proposes a fourth research hypothesis.

H4. Technical training can alleviate the inhibitory effect of risk aversion on farmers’ adoption of
water-saving irrigation technology.

3. Materials and Methods

3.1. Data Sources

The study’s empirical data comprised a face-to-face survey of farmer’s households in
the central melon-producing region of Shanxi and Shaanxi Province, China, in December
2020. At the same time, the responses were recorded with a structured questionnaire cover-
ing the risk aversion test experiment, technical training situation, individual characteristics
of the head of household, family situation, external environmental characteristics and water-
saving irrigation technology adoption of farmers. The study adopted multistage sampling
criteria to ensure the rationality of the selection of sample farmers, while the researchers
adopted typical random sampling tactics to identify the potential respondents. First, the
study consulted with the local agricultural extension officers to determine the major melon-
producing region of the selected provinces and the associated characteristics of the farmer’s
water usage mechanism. Yuncheng City, Shanxi Province, and Xi’an City, Shaanxi Province,
were selected based on the agriculture extension officers’ inputs. The selected two cities
belong to the Yellow River Irrigation Area and the Fen River Irrigation Area, respectively,
where farmers usually use the traditional flood irrigation method. The method is consid-
ered water resources intensive and can lead to severe soil erosion and a sharp decline in
soil quality. Therefore, the region was suitable for fulfilling the prime research objectives.
Second, the researchers randomly selected Yanhu and Xia County from Yuncheng City,
Shanxi Province, and Yanliang County from Xi’an City, Shanxi Province. In the third stage,
3–5 towns were randomly selected from each of the selected districts/counties, providing
19 towns. After that, the researchers randomly selected 2–5 villages from this township,
comprising 35 villages. Finally, 19–25 farmers who grow watermelons and muskmelon
were randomly selected in each sample village as the research objects.

Before conducting the formal survey, the study utilized a pilot test with randomly
selected 20 farmers from four villages from two provinces to test the instrument, and
according to the inputs, the study adjusted the instrument accordingly, which we believe
improved the accuracy of the instruments. Moreover, we chose the respondent household
head to be the priority (if not present, we choose the immediate farming decision maker),
which we believe ensured the quality of the information we have gathered. During the final
survey process, 731 farmers were consulted. Among them, 707 valid questionnaires were
obtained for further analysis, and the effective rate of the survey was 96.715%. We elimi-
nated 24 responses as they gave up midway or there was missing information regarding the
core variables required for performing the analysis. As the prime respondents of the study
are farmers, we acknowledge that potentially biased responses may occur. Therefore, the
study adopted a two-stage strategy to reduce the potentially biased responses, as suggested
by Podsakoff et al. [78]. First, before asking questions, the research team discussed all the
variables and essential information with the respondent to reduce this issue. Second, the
team ensured the questionnaire was well equipped with neutrally worded questions and
answer options were not leading. Moreover, the study performs a robustness test to depict
the reliability of the outcomes.

Table 1 summarizes the essential characteristics of the sample farmers. In terms of the
age of household heads, 18–30, 31–45, 46–60 and over 61 accounted for 1%, 17.96%, 66.05%,
and 14.99% of the respondents, respectively, indicating that the current rural households
are relatively older, mainly middle-aged and older adults. Regarding the education level
of the household heads, the proportions of households with an education of 6 years or
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less, 6–9 years, 9–12 years and more than 12 years were 34.80%, 53.32%, 11.46 and 0.42%,
respectively. At present, the education level of farmers is generally low, and most of
them are at the level of junior high school or below. Regarding cooperative participation,
230 farmer’s households are participating in cooperatives, accounting for only 32.53% of
the total sample, indicating that the current participation in cooperatives is low. In terms
of the planting scale, farmers with less than 1 hectare, 1–2 hectare, 2–3 hectare and more
than 3 hectares were 56.58%, 36.63%, 5.09% and 1.70% of the respondents, respectively,
indicating that the surveyed farmers mainly focus on small-scale planting. Regarding
the proportion of income from farming, farming income accounting for less than 10%,
10–30%, 30–50%, and 50–100% of farmers’ income was reported by 2.97%, 22.49%, 24.75%
and 49.79% of respondents, respectively, indicating that farming is an essential source of
income for most farmers. Regarding market prospect expectations, 633 farmers (89.53%)
were optimistic about the prospects of the melon and fruit market, indicating that most
farmers are optimistic about the development of the melon and fruit industry.

Table 1. Descriptive analysis of sample farmers.

Feature Options No.
Proportion

(%)
Feature Options Frequency

Proportion
(%)

Age of head of
the household

18–30 years old 7 1

Planting scale

Less than 1
hectare 400 56.58

31–45 years old 127 17.96 1–2 hectare 259 36.63
46–60 years old 467 66.05 2–3 hectare 36 5.09
61 years old and

above 106 14.99 More than 3
hectares 12 1.70

Head of the
household

education level

Under 6 years 246 34.80
The proportion

of planting
income

10% or less twenty one 2.97
6–9 years 377 53.32 10–30% 159 22.49
9–12 years 81 11.46 30–50% 175 24.75

12 years or more 3 0.42 50–100% 352 49.79
Cooperative
participation

Participate/Not
involved 230 32.53 Market outlook Yes/No 633 89.53

3.2. Variable Selection
3.2.1. Explained Variables

The adoption behaviour of farmers’ water-saving irrigation technology is the ex-
planatory variable in the study. Drawing on existing literature (such as Ho et al. [79],
Zhang et al. [13] and Mushtaq et al. [19]) and consulting with experts from the agricultural
machinery industry, water-saving irrigation technologies such as a dropper, channel seep-
age irrigation, micro-sprinkler irrigation and film-covered irrigation were determined to be
research objects. When farmers adopt any of them or when there are multiple technologies
adopted, the value of farmers’ water-saving irrigation technology adoption behaviour is 1;
otherwise, this value is 0.

3.2.2. Core Explanatory Variables

Risk aversion and technical training refer to the study’s core explanatory variables.
The experimental economic method was chosen as the experimental measurement of risk
aversion, as recommended by Qiu et al. [80] and Xu et al. [81]. The experiment was
completed in three stages: first, the “lottery draw” game rules were introduced to the
respondents, and the game plan was pre-tested. Second, ten sets of game questions were
provided to the respondents, and each question included option A (low-risk option) and
option B (high-risk option). Each option corresponds to a different cash reward to let the
respondents know that the choice of the risk option will affect their final income. Finally, the
respondents from the first questions were selected one by one. Only after the respondent
had completed the selection of each question did the researcher allow the respondent to
see the next question. In the step-by-step selection process of each question, as long as
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the respondent chose option B, he can no longer choose option A in subsequent games.
This experiment links the final reward of the respondents with the experimental results to
ensure that the acquisition of the degree of risk aversion of the respondents is authentic
and reliable and to avoid data bias. Respondents can obtain a reward of 10 yuan within
20 min, which can stimulate the enthusiasm of respondents to participate in the lottery
game. Table 2 shows the specific content of the experimental design.

Table 2. The experimental design and experimental results of the degree of risk aversion of farmers.

Question
Number

Low-Risk Program (Option A) High-Risk Program (Option B) The Proportion
of Choosing

High-Risk Options30% Chance 70% Chance 10% Chance 90% Chance

1 Exchange 200 yuan Exchange 50 yuan Exchange 3 00 yuan Exchange 25 yuan 12.87
2 Exchange 200 yuan Exchange 50 yuan Exchange 330 yuan Exchange 25 yuan 20.50
3 Exchange 200 yuan Exchange 50 yuan Exchange 370 yuan Exchange 25 yuan 32.24
4 Exchange 200 yuan Exchange 50 yuan Exchange 420 yuan Exchange 25 yuan 43.13
5 Exchange 200 yuan Exchange 50 yuan Exchange 480 yuan Exchange 25 yuan 49.35
6 Exchange 200 yuan Exchange 50 yuan Exchange 580 yuan Exchange 25 yuan 56.24
7 Exchange 200 yuan Exchange 50 yuan Exchange 700 yuan Exchange 25 yuan 62.18
8 Exchange 200 yuan Exchange 50 yuan Exchange 900 yuan Exchange 25 yuan 67.83
9 Exchange 200 yuan Exchange 50 yuan Exchange 1100 yuan Exchange 25 yuan 72.07
10 Exchange 200 yuan Exchange 50 yuan Exchange 1400 yuan Exchange 25 yuan 76.45

As the amount exchanged from the first question to the tenth question gradually
increases, the possibility of respondents choosing high returns and risks also increases.
Option A has a 30% possibility of a bonus of 200 yuan and a 70% possibility of a bonus
of 50 yuan. Option B has a 10% possibility of a bonus of 300 yuan, and there is a 90%
probability that the bonus will be reached by 25 yuan. According to the experimental
results and referring to the risk aversion index formula of Xu et al. [81], the risk aversion
degree of farmers can be calculated as the following: risk aversion index = 1(number of
high-risk schemes/10). If the number of times the farmer chose high risk was 0, this is
extreme risk aversion. On the contrary, if the number of times the farmer chose high risk
was 10, this is extreme risk preference.

Offline technical training means agricultural technical experts or personnel dissemi-
nate knowledge and information about water-saving irrigation technology to farmers at
a fixed time and place through conference lectures and on-site training, most of which
take place via the face-to-face medium. If farmers participate in offline technical training,
the value is 1; otherwise, they are assigned a value of 0. Online technical training means
farmers use the internet, various online apps, WeChat and Weibo official accounts or web
browsing, voice, video and other forms to obtain knowledge and information related to
water-saving irrigation technology. If farmers use online technical training, the assigned
value is 1; otherwise, the assigned value is 0.

3.2.3. Control Variables

The adoption behaviour of farmers’ water-saving irrigation technology depends on
individual or family internal factors and the external environment. Therefore, along with
household head characteristics (age of household head and education level of household
head), household management characteristics (family planting years, the proportion of
planting income, planting area and number of family workers) and social capital (participa-
tion in cooperatives and social network), the study chose the external environment (market
outlook and natural disasters) to be the core control variable. In addition, to ensure the
estimation effect, regional variables were controlled. The specific meaning and assignment
of each variable are shown in Table 3.
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Table 3. Variable description and descriptive statistical analysis.

Variable Name Variable Meaning and Assignment Average
Standard
Deviation

Explained variable
Adoption behaviour of farmers’

water-saving irrigation technology
Whether to use water-saving irrigation technology:

adopted = 1, not adopted = 0 0.274 0.447

Core explanatory variable

Risk Aversion
Risk aversion degree value (between 0 and 1): 0

means extreme risk preference type, 1 means
extreme risk aversion type

0.508 0.365

Technical training
Offline technical

training
Whether you have received offline technical

training: Yes = 1, No = 0 0.226 0.419

Online technical
training

Whether you have received online technical
training: Yes = 1, No = 0 0.495 0.501

Control variable
Age of Head of household Respondent’s age (years) 52.301 8.866

Head of the household education level Respondents’ years of education (years) 7.854 2.720
Family Planting Years Family planting years (years) 26.266 11.141

The proportion of planting income The proportion of melon and fruit income in
household income (%) 0.544 0.996

planting scale Family watermelons and muskmelon planting
area (hectare) 0.979 0.601

Land levelness
The flatness of the land where the crop is planted:

very uneven = 1, uneven = 2, normal = 3, relatively
flat = 4, very flat = 5

3.777 0.779

Number of migrant workers Number of family workers (person) 1.147 0.995

cooperative participation Whether to participate in cooperatives:
yes = 1, no = 0 0.325 0.469

social network Number of mobile phone contacts (number) 129.484 111.346

market outlook
Whether the respondents are optimistic about the

prospects of the melon and fruit market:
Yes = 1, No = 0

0.898 0.307

natural disaster situation Number of natural disasters in the past three
years (times) 1.164 1.203

Regional location Location: Shanxi Province = 0, Shaanxi Province = 1 0.506 0.501

The 707 farmers of the sample were divided into two groups according to the age of the
household head, planting scale and education level to grasp the adoption of water-saving
irrigation technology more simply and accurately. The specific distribution is shown in
Table 4. These groups of farmers included: (i) the first group, based on age (18–50 years
old), was more substantial than that of the second one (50 years or more); (ii) regarding
the farming scale of the farmers, the second group (more than 0.667 hectares) was more
substantial than the first group (0.667 hectares and below); (iii) regarding the education
level of the head of the household, the first group (9 years and below) was more substantial
than the second group (over 9 years).

Table 4. Adoption of water-saving irrigation technology by sample farmers (%).

Adoption
Behaviour

Age of Head of Household Farming Scale
Head of the Household

Education Level

18 to 50
(Group A)

Over 50 Years
old (Group B)

0.667 Hectares
and Below
(Group A)

More than
0.667 Hectares

(Group B)

9 Years and Below
(Group A)

Over 9 Years
(Group B)

Adopted 49.49% 50.51% 23.19% 76.81% 84.54% 15.46%
Not adopted 41.72% 58.28% 48.54% 51.46% 89.47% 10.53%
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3.3. Model Building
3.3.1. Benchmark Regression Model

The explanatory variable in this paper is “the adoption behaviour of farmers’ water-
saving irrigation technology”, which is a binary classification variable. Therefore, this paper
uses the binary Probit model for empirical analysis. Specifically, the model of Formula (1)
is as follows:

Z = ln(
pi

1 − pi
) = β0 + β1RAi + β2TTi + β3MTi + ∑

k=1
β4kCi + Di + εi (1)

where Pi represents the probability of farmers adopting water-saving irrigation technol-
ogy, 1 − Pi represents the probability that farmers do not adopt water-saving irrigation
technology, P1i/1 − Pi is the probability ratio or relative risk, RA1i represents the degree
of risk aversion of farmers, Ti represents offline technical training, MTi represents the line
Ci represents the control variable, Di represents the dummy variable in the area where
farmer i is located, β0 is the intercept item of the model, Bk is the regression coefficient
corresponding to the independent variable and εi is the random disturbance item.

3.3.2. Modulation Effect Model

In order to explore the influence mechanism of risk aversion, technical training and
farmers’ water-saving irrigation technology adoption behaviour, drawing on the research
of Wen et al. [82], the following adjustment effect model was constructed:

Z = ln(
pi

1 − pi
) = β0 + β1RAi + β2TTi + β1RA × β2TTi + ∑

k=1
β4kCi + Di + εi (2)

Z = ln(
pi

1 − pi
) = β0 + β1RAi + β2TTi + β1RA × β3MTi + ∑

k=1
β4kCi + Di + εi (3)

Z = ln( pi
1−pi

) = β0 + β1RAi + β2TTi + β3MTi + β1RA × β2TTi + β1RA × β3MTi+

∑
k=1

β4kCi + Di + εi
(4)

In (2), β1RA × β2TTi represents the interaction term between risk aversion and offline
technical training. Meanwhile, (3) represents the interaction term between risk aversion
and online technical training; β1RA × β3MTiC represents the interaction term between
risk aversion and online technical training; C represents the control variable; Di represents
the dummy variable of the area where farmer i is located; β0 is the intercepted item of the
model; βk is the regression coefficient corresponding to the independent variable; εi is the
random disturbance item.

4. Results

The results of the multicollinearity diagnosis showed that the variance inflation factor
(VIF) values of each variable were less than 2, indicating no multicollinearity problem
among variables. Stata15.0 [William Gould, StataCorp, https://www.stata.com (accessed
on 23 January 2023, Texas, United States] was used for regression, and the estimated results
were as follows.

4.1. Benchmark Model Results and Analysis

Table 5 shows the regression results of the model with core explanatory variables
introduced in turn. Model (1), model (2), model (3) and model (4) were all tested using
the Wald test, and all of them reached a significance level of 1%, indicating that the overall
fitting degree of the model is good. The following analysis is mainly based on the estimated
results of model (4).
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Table 5. Benchmark model regression results.

Variable Model (1) Model (2) Model (3) Model (4)

Risk Aversion −0.3061 *
(0.1630)

−0.4841 **
(0.1950)

Technical
Training

Offline
technical
training

1.2784 ***
(0.1525)

1.2821 ***
(0.1635)

Online
technical
training

1.1819 ***
(0.1337)

1.2056 ***
(0.1463)

age of Head of household 0.0155 *
(0.0083)

0.0191 **
(0.0088)

0.0154 *
(0.0087)

0.0178 *
(0.0095)

Head of the household’s
education level

0.0487 **
(0.0237)

0.0419 *
(0.0247)

0.0490 *
(0.0254)

0.0312
(0.0274)

Planting years −0.0156 **
(0.0064)

−0.0184 ***
(0.0067)

−0.0127 *
(0.0069)

−0.0159 **
(0.0074)

The proportion of
farming income

1.6409 ***
(0.2648)

1.3707 ***
(0.2836)

1.5358 ***
(0.2888)

1.2868 ***
(0.3145)

Farming scale 0.4665 ***
(0.1035)

0.4065 ***
(0.1095)

0.3720 ***
(0.1110)

0.3030 **
(0.1185)

Land levelness 0.3804 ***
(0.0807)

0.1796 **
(0.0858)

0.3367 ***
(0.0851)

0.2009 **
(0.0948)

Number of migrant workers 0.0837
(0.0754)

0.0462
(0.0792)

0.0506
(0.0831)

0.0370
(0.0896)

Cooperative participation 0.4696 ***
(0.1338)

0.2454 *
(0.1454)

0.5595 ***
(0.1438)

0.3572 **
(0.1584)

social network 0.0009 *
(0.0005)

0.0010 *
(0.0006)

0.0007
(0.0006)

0.0008
(0.0006)

Market outlook 0.8430 ***
(0.2286)

0.6627 ***
(0.2357)

0.7529 ***
(0.2399)

0.6411 **
(0.2571)

Natural disaster shock −0.0668
(0.0496)

−0.0760
(0.0528)

−0.0804
(0.0539)

−0.0789
(0.0589)

Regional location YES YES YES YES

_cons −5.3421 ***
(0.6899)

−4.7211 ***
(0.7283)

−5.8278 ***
(0.7380)

−5.1322 ***
(0.8055)

Pseudo R 2 0.2580 _ 0.3418 _ 0.3588 _ 0.4420
L R chi 2 2 13.88 283.35 297.40 366.35

Prob > chi 2 0.0000 _ 0.0000 _ 0.0000 _ 0.0000 _
Wald value 163.21 *** 204.56 *** 196.31 *** 208.94 ***

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; the robust standard errors are in brackets.

4.1.1. Core Explanatory Variables

The estimated coefficient of risk aversion to farmers’ water-saving irrigation technol-
ogy adoption behaviour is negative and passed the 5% significance test. This indicates
that risk aversion has a significant negative impact on farmers’ water-saving irrigation
technology adoption behaviour. The higher the degree of farmers’ risk aversion, the less
likely they are to adopt water-saving irrigation technology, because it is both knowledge-
intensive and capital-intensive. For farmers, the cost and risk of adoption are high. Failure
to do so will seriously affect the continuous operation of farmers’ agricultural production.
Therefore, when the degree of risk aversion of farmers is high, they are less willing to bear
the potential risks and costs of adopting water-saving irrigation technology, so risk aversion
has a significant negative impact on the adoption of water-saving irrigation technology by
farmers. Based on this, Hypothesis H1 is verified.

Water irrigation technology adopts risk and costs to encourage farmers to adopt
water-saving irrigation technology. In terms of technical training, the estimated coefficients
of offline technical training and online technical training on the adoption behaviour of
farmers’ water-saving irrigation technologies were positive and passed the 1% significance
test regarding the effect of offline technical training on farmers’ adoption of water-saving
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irrigation technologies. The influence coefficient is more significant, indicating that ob-
taining online or offline technical training can significantly promote farmers’ adoption
of water-saving irrigation technology. The effect of obtaining offline technical training is
relatively more substantial because technical training can save farmers’ information search
costs and improve their cognition level regarding water-saving irrigation technology. It also
assists in alleviating the factor endowment constraints of farmers’ adoption of water-saving
irrigation technology, optimizing household resource allocation, and reducing energy-
saving costs. In addition, compared with online technical training, the form and content of
offline technical training are relatively more targeted, and the concepts, knowledge and
technologies taught are easier to be understood and accepted by farmers. The positive effect
of technology adoption behaviour is relatively more substantial. Therefore, Hypotheses H2
and H3 are verified.

4.1.2. Other Explanatory Variables

Among the household head characteristics, the age of the head is significant, at the 10%
level, and the coefficient is positive, indicating that older farmers are more likely to adopt
water-saving irrigation technology. The possible reason is that water-saving irrigation
technology is a resource-saving technology. Older farmers pay more attention to resource
conservation and the ecological environment than young farmers, so they tend to adopt
water-saving irrigation technology. The effect of planting years on farmers’ water-saving
irrigation technology adoption is significant, at the 5% significance level, and the coefficient
is positive, indicating that farmers with longer planting years are more likely to adopt
water-saving irrigation technologies. The possible reason is that the longer the planting
years, the more sufficient the agricultural production skills of farmers and the easier it is
to adopt water-saving irrigation technologies. Therefore, the planting years significantly
positively impact the adoption behaviour of farmers’ water-saving irrigation technologies.
Market prospect expectations positively impact farmers’ adoption of water-saving irrigation
technology at a significance level of 5%, indicating that farmers who are more optimistic
about market prospects are more likely to adopt water-saving irrigation technology. This
is because the more optimistic the market prospect is, the more optimistic the farmers are
about adopting water-saving irrigation technology, thus encouraging farmers to adopt
water-saving irrigation technology actively.

Regarding family characteristics, the impact of the planting income on farmers’ adop-
tion of water-saving irrigation technology is significant at the 1% level, and the coefficient
is positive, indicating that the higher the proportion of planting income, the higher the
contribution and importance of melon and fruit planting income to farmers’ families. In
this situation, farmers’ adoption of water-saving irrigation technology can significantly
improve production stability and obtain stronger income protection; planting income has
a significant positive effect on farmers’ adoption of water-saving irrigation technology.
Participation in cooperatives has a significant positive impact on farmers’ adoption of
water-saving irrigation technologies at the 5% significance level, indicating that farmers
participating in cooperatives are more inclined to adopt water-saving irrigation technolo-
gies. This is because the participation of cooperatives can significantly improve the degree
of organization of farmers, help them obtain core agricultural information and improve the
bargaining power of farmers.

Therefore, the participation of cooperatives can promote the adoption of water-saving
irrigation technology by farmers. The planting scale significantly affects farmers’ adoption
of water-saving irrigation technology at the significance level of 1%, indicating that farmers
with large planting scales are more likely to adopt water-saving irrigation technology. The
possible reasons are as follows: on the one hand, the larger the planting scale, the less
willing farmers are to bear the huge potential losses caused by drought and the more willing
they are to adopt water-saving irrigation technology. On the other hand, the larger the
planting scale, the lower the average cost of water-saving irrigation technology. Therefore,
the planting scale can significantly promote farmers’ adoption of water-saving irrigation
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technology. Land levelness has a significant positive impact on farmers’ adoption of water-
saving irrigation technology at a significance level of 5%, indicating that the more level the
household land is, the more farmers will adopt water-saving irrigation technology. The
high land level can reduce the labour and material cost of farmers’ water-saving irrigation
technology and encourage farmers to adopt water-saving irrigation technology actively.

Regarding external environmental characteristics, the estimated coefficient of natural
disaster impact is negative but has not passed the significance test. The reason for this
is that the impact of natural disasters in the study area is dominated by strong wind
and hail, which will destroy water-saving irrigation facilities and inhibit farmers from
adopting water-saving irrigation technology. The geographical location variable passed the
significance test at the statistical level of 1%, indicating that farmers in Shaanxi Province
are more inclined to adopt water-saving irrigation technology. The possible reason is that,
compared with Yuncheng City in Shanxi Province, Xi’an City in Shaanxi Province has a
faster economic development. The population is large and concentrated, and a better sales
market encourages farmers to adopt water-saving irrigation technology.

4.2. Moderation Effect Results and Analysis

The interaction term between risk aversion and offline technical training and the
interaction item between risk aversion and online technical training were added based on
the benchmark model regression and the measurement to further analyse the moderating
effect of technical training on risk aversion and inhibition of farmers’ adoption of water-
saving irrigation technology. Table 6 presents the regression results. From the estimated
results of model (5) to model (7), it can be seen that the interaction term between offline
technical training and risk aversion has a significant positive impact on the adoption
behaviour of farmers’ water-saving irrigation technology at the significance level of 1%. It
indicates that offline technical training can effectively alleviate the negative effect of risk
aversion on farmers’ water-saving irrigation technology adoption.

Table 6. Test of the moderating effect.

Variable Model (5) Model (6) Model (7)

Risk Aversion −0.9001 ***
(0.2187)

−1.8028 ***
(0.4426)

−2.3222 ***
(0.5555)

Technical Training
Offline technical

training
0.4711 **
(0.2381)

0.6019 **
(0.2495)

Online technical
training

0.4754 **
(0.2111)

0.5761 ***
(0.2209)

interaction term

Risk avoidance ×
offline technical

training

1.7565 ***
(0.4042)

1.5437 ***
(0.4712)

Risk Avoidance ×
Online Technical

Training

1.9048 ***
(0.4859)

1.8018 ***
(0.5763)

control variable YES YES YES
Constant term YES YES YES

Pseudo R 2 0.3720 0.3876 0.4702
L R chi 2 308.32 321.32 389.75

Prob > chi 2 0.0000 0.0000 0.0000
Wald value 2 02.87 *** 1 67.81 *** 1 70.83 ***

Note: ** p < 0.05, *** p < 0.01; the robust standard errors are in brackets.

The interaction term between online technical training and risk aversion has a sig-
nificant positive impact on the adoption behaviour of farmers’ water-saving irrigation
technologies at the 1% significance level, indicating that online technical training can also
effectively alleviate the impact of risk aversion on farmers’ adoption of water-saving irriga-
tion technologies. As the two primary components of technical training, whether offline or
online, it can quickly and effectively transmit relevant technical knowledge and information
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on water-saving irrigation technology to reduce the degree of information asymmetry in
farmers’ water-saving irrigation. It can also reduce farmers’ relative knowledge deprivation
about the uncertainty and risk of the water-saving irrigation technology adoption process,
thereby increasing the possibility of farmers adopting water-saving irrigation technology.
At the same time, technical training can improve farmers’ agricultural production resource
and risk management levels and optimize family income. Finally, the allocation of agricul-
tural production resources increases farmers’ water-saving irrigation technology adoption
rate. Therefore, Hypothesis H4 is verified.

4.3. Robustness Test

The method of replacing the core model is used for verification to test the robustness
of the baseline regression results and the moderation effect. In this study, model (8) and
model (9) were used for regression in the binary Logit model, and the results are shown in
Table 7. It can be seen that risk aversion has a negative impact on farmers’ water-saving
irrigation technology adoption behaviour 5% level of significance. Offline and online
technical training and their interaction items significantly impact farmers’ water-saving
irrigation technology. A positive impact was that the estimated results are consistent
with the regression results of the binary Probit model, in terms of significance and impact
direction, proving that the regression and the moderating effect test are relatively robust.

Table 7. Robustness test of the regression results.

Variable Name Model (8) Model (9)

Risk Aversion −0.8157 ** (0.3473) −4.2843 *** (1.0080)

Technical Training
Offline technical

training 2.2113 *** (0.2913) 0.9965 ** (0.4366)

Online technical
training 2.1584 *** (0.2753) 0.9648 ** (0.3894)

interaction term

Risk avoidance ×
offline technical

training
2.7235 *** (0.8510)

Risk Avoidance ×
Online Technical

Training
3.4010 *** (1.0389)

Age of Head of household 0.0354 ** (0.0177) 0.0325 * (0.0178)
Head of the household education level 0.0614 (0.0497) 0.0492 (0.0500)

Family Planting Years −0.0313 ** (0.0135) −0.0296 ** (0.0135)
The proportion of planting income 2.2535 *** (0.5699) 2.2300 *** (0.5781)

Planting scale 0.5895 *** (0.2145) 0.5475 ** (0.2175)
Land levelness 0.3590 ** (0.1671) 0.3794 ** (0.1700)

Number of migrant workers 0.0423 (0.1635) 0.0573 (0.1678)
Cooperative participation 0.6242 ** (0.2852) 0.6281 ** (0.2895)

Social network 0.0014 (0.0011) 0.0015 (0.0011)
Market outlook 1.2104 ** (0.4743) 1.2056 ** (0.4811)

Natural disaster shock −0.1559 (0.1040) −0.1597 (0.1082)
Regional location YES YES

_cons −9.3351 *** (1.4979) −7.9467 *** (1.5166)
Pseudo R 2 0.4414 0.4691 _

L R chi 2 365.92 388.82
Prob > chi 2 0.0000 0.0000 _

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; the robust standard errors are in brackets.

5. Further Socio-Demographics

Differential analysis was carried out on the age, education level, and planting scales
to further clarify the mechanism of risk aversion and technical training on farmers’ water-
saving irrigation technology adoption. The main reason for considering these three aspects
is that age and years of education can reflect farmers’ views and understanding of new
technologies to a certain extent. Farmers of different age groups and educational levels will
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have specific differences in their risk aversion and information acquisition capabilities, so
the influence of risk aversion and technical training on the adoption behaviour of water-
saving irrigation technology of farmers of different ages and educational levels may be
different. The planting scale represents the endowment of land resources of farmers, and
the more land resources there are, the stronger farmers’ dependence on the land. Similarly,
risk aversion and technical training may have differential effects on farmers with different
planting scales’ adoption behaviour of water-saving irrigation technology. The specific
results are shown in Table 8.

Table 8. Regression results of the impact of risk aversion and technical training on different types of
farmers’ adoption of water-saving irrigation technology.

Variable Name Age Education Level Business Scale

50 and under Over 50 years
old

9 years and
below Over 9 years 0.667 hectare

and below
More than

0.667 hectare

Risk Aversion −2.0699 ***
(0.6037)

−6.0150 **
(3.0233)

−6.7048 **
(2.9787)

−1.7876 ***
(0.5767)

−3.6654 **
(1.4970)

−1.9302 ***
(0.6515)

Technical
Training

Offline
technical
training

0.6411 **
(0.2796)

0.5380
(0.7399)

1.1508 **
(0.5015)

0.3616
(0.3156)

0.7269
(0.6421)

0.6748 **
(0.2932)

Online
technical
training

0.7524 ***
(0.2555)

0.7124
(0.6516)

0.5691
(0.4850)

0.6632 **
(0.2699)

0.5044
(0.4832)

0.7391 ***
(0.2693)

Interaction
term

Risk
avoidance ×

offline
technical
training

1.5630 ***
(0.5168)

2.5312
(1.8631)

1.1955
(1.0048)

1.8408 ***
(0.5711)

0.9511
(1.2405)

1.6222 ***
(0.5613)

Risk
Avoidance ×

Online
Technical
Training

1.3315 **
(0.6287)

5.6601 *
(3.0643)

6.3843 **
(2.9987)

1.0701 *
(0.6268)

2.4685
(1.5404)

1.5155 **
(0.6699)

Control variable YES YES YES YES YES YES
Constant term YES YES YES YES YES YES

Pseudo R 2 0.4757 0.6198 0.5542 0.4745 0.3349 0.5207
L R chi 2 323.36 91.64 159.50 255.07 52.50 330.67

Prob > chi 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; the robust standard errors are in brackets.

5.1. The Influence of Risk Aversion and Technical Training on the Adoption Behaviour of Farmers’
Water-Saving Irrigation Technology under the Age Difference

It can be seen from Table 8 that risk aversion has a significant negative effect on the
adoption of water-saving irrigation technology by farmers of different age groups. The
absolute value of the coefficient of the group over 50 years old is greater than that of
the group under 50 years old, indicating that risk aversion significantly impacts farmers’
adoption of water-saving irrigation technology. The inhibitory effect of technology adoption
behaviour increases with the age of farmers. This is because, with increasing age, farmers
are more cautious about investment in agricultural production, avoid investment risks and
adopt prudent management strategies to obtain a safer investment return to stabilize their
livelihoods. Therefore, as age increases, the inhibitory effect of risk aversion on farmers’
water-saving irrigation technology adoption becomes stronger.

In technical training, both online and offline technical training have a positive impact
on the adoption of water-saving irrigation technology by farmers of different age groups,
and only the coefficient of the group aged 50 and below passed the significance test, indi-
cating that technical training has a positive effect on the adoption of water-saving irrigation
technology of farmers aged 50 and below. This is because, on the one hand, farmers aged
50 and below are less dependent on traditional technologies and have more channels to
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acquire new agricultural technologies, which are more modern. It is easy to break the path
dependence of technology diffusion and obtain water-saving irrigation technologies at the
minimum cost. Information prompts farmers to adopt water-saving irrigation technology;
on the other hand, farmers aged 50 and below are more adventurous and innovative and
are more willing to take risks and adopt water-saving irrigation technology with innovative
attributes; therefore, as age increases, the promotion effect of technical training on the
adoption of water-saving irrigation technology by farmers is gradually weakened. The in-
teraction term of risk aversion and offline technical training positively impact the adoption
behaviour of water-saving irrigation technology for farmers in different age groups, and
only the group aged 50 and below passed the significance test, indicating the interaction
between risk aversion and offline technical training. The item has a stronger effect on
promoting the adoption of water-saving irrigation technology by farmers aged 50 and
below. The interaction term of risk aversion and online technical training has a significant
positive impact on the adoption behaviour of water-saving irrigation technology by farmers
in different age groups. The absolute value of the coefficient of the group over 50 years
old is greater than the absolute value of the coefficient of the group under 50 years old,
indicating that, regarding risk aversion, compared with online technical training, the effect
of promoting the adoption of water-saving irrigation technology by farmers aged 50 and
below is stronger.

5.2. The Impact of Risk Aversion and Technical Training on the Adoption Behaviour of Farmers’
Water-Saving Irrigation Technology under the Difference of Educational Level

It can be seen in Table 8 that risk aversion has a negative and significant effect on the
water-saving irrigation technology adoption behaviour of farmers with different educa-
tional levels, and the absolute value of the coefficient of the group with an education level
of 9 years or less is greater than the absolute value of the group with an education level
of 9 years or more. This indicates that risk aversion positively affects the inhibitory effect
of irrigation technology adoption weakens with farmers’ educational level improvement.
Farmers’ cognitive ability and cognitive level are significantly improved with the increase
in education level. They can more objectively evaluate technical risks and personal techni-
cal capabilities and reduce unnecessary worries and concerns in adopting water-saving
irrigation technologies. The higher the degree, the weaker the inhibitory effect of risk
aversion on farmers’ adoption of water-saving irrigation technology. In technical training,
offline technical training has a positive impact on the adoption of water-saving irrigation
technology by farmers with different levels of education, and only the coefficient of the
group of 9 years of education and below passed the significance test, indicating that offline
technical training has a positive impact on the adoption of water-saving irrigation tech-
nology by farmers in the group of 9 years of education and below. The promotion effect
of water-saving irrigation technology adoption is relatively substantial. Online technical
training positively impacts the adoption of water-saving irrigation technology by farm-
ers with different educational levels, and only the coefficient of the group of more than
9 years of education passed the significance test. This indicates that the promotion effect
on the adoption of water-saving irrigation technology by farmers in the group is relatively
more robust.

The study also found that a higher education level significantly enhances farmers’
preferences and dependence on technical training. More specifically, the farmers with
9 years of education and below depend more on specific, visual, and face-to-face offline
training, while those with more than 9 years of education depend more on multiple forms
and content. The interaction term of risk aversion and offline technical training positively
impacted the adoption of water-saving irrigation technology by farmers with different
educational levels, and only the group with more than 9 years of education passed the
significance test. This indicates that the interaction term of risk aversion and offline technical
training positively impacts the promotion effect of the water-saving irrigation technology
adoption behaviour of farmers in the group (group B). Interestingly, the interaction term of
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risk aversion and online technical training has a significant positive impact within group
A (9 years of education or less). The absolute value of the coefficient of group A is more
significant than Group B, indicating that the relationship between risk aversion and online
technical training has a more substantial effect on promoting the adoption of water-saving
irrigation technology by farmers in group A.

5.3. The Impact of Risk Aversion and Technical Training on the Adoption Behaviour of Farmers’
Water-Saving Irrigation Technology under the Difference of Planting Scale

It can be seen from Table 8 that risk aversion has a significant negative effect on the
adoption of water-saving irrigation technology by farmers with different planting scales.
The absolute coefficient value of group A is greater than that of group B, indicating that the
inhibitory effect of technology adoption weakens with farmers’ planting scale expansion.
The possible reason for this is that farmers’ management ability, technical cognition level
and management confidence have significantly improved with the increase in planting scale.
They can objectively evaluate technical risks and reduce unnecessary worries and concerns
while adopting water-saving irrigation technologies. Therefore, the larger the scale, the
weaker the inhibitory effect of risk aversion on farmers’ adoption of water-saving irrigation
technology. Both offline and online technical training positively affects farmers’ adoption
of water-saving irrigation technology with different planting scales. The promotion effect
of adopting water-saving irrigation technology by farmers in the above group is relatively
more substantial. With the expansion of planting scale, the average cost of technology
adoption by farmers is decreasing, and the economies of scale in adopting water-saving
irrigation technologies are gradually emerging. Therefore, the impact of offline and online
technical training on the adoption behaviour of farmers’ water-saving irrigation technology
is gradually increasing if the planting scale is expanded and increased.

6. Conclusions

Based on the empirical data of 707 watermelon and muskmelon farmers in Shanxi
and Shaanxi provinces, this study analyses the effects of risk aversion, technical training
(online and offline) and their interaction on farmers’ water-saving technology adoption
behaviour. We further conducted a robustness test and provide an in-depth comparison
between the two forms of technical training. Based on the findings, the following conclu-
sions were made: (i) The impact of risk aversion on farmers’ adoption of water-saving
irrigation technology is significant at the 5% statistical level, and the estimated coefficient
is positive. The estimated coefficients of offline and online technical training are positive
and significant at the 1% statistical level. (ii) Offline and online technical training have
a positive regulatory effect between risk aversion and farmers’ water-saving irrigation
technology adoption behaviour, which can alleviate the inhibitory effect of risk aversion on
water-saving irrigation technology adoption behaviour. (iii) The effects of risk aversion,
technical training and interaction items on farmers’ water-saving irrigation technology
adoption behaviours have noticeable inter-group differences regarding age, education level
and planting scale.

Based on the above conclusions, the following specific policy recommendations are
drawn: (i) Alleviate farmers’ degree of risk aversion and actively promote farmers to
adopt water-saving irrigation technology: In this notion, the interaction of various risk-
sharing networks and organizations should be strengthened. (ii) The government should
facilitate innovative water-saving irrigation technology with easy conditions and rela-
tively lower costs. Moreover, financial and technical support should also be strengthened.
Optimize the agricultural technology training system and improve farmers’ ability to ac-
quire and apply technical information. (iii) Agricultural technology demonstration bodies
and extension offices should act more responsibly to disseminate up-to-date knowledge
and technical know-how by implementing “learning by seeing” and “learning by doing”
prospectives. (iv) Awareness-building campaigns and technical dissemination platforms
should be strengthened to enhance the farmers’ cognitive level. A well-structured “water-
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saving irrigation model” should be established at the national level to effectively guide
farmers to confidently use the water-saving irrigation technology and alleviate farmers’ neg-
ative concerns about the risks of adopting water-saving irrigation technology. (v) Private
and public partnerships and agricultural cooperatives should also be more responsible and
enhance the social promotion system. Increase investment in agricultural offline technical
training, optimize the content of water-saving irrigation technology-related training and
expand the coverage of water-saving irrigation technology-related training. (vi) Moreover,
farmers should be guided to use modern agricultural digital media such as websites and
mobile apps to receive online technical training and improve their ability to obtain techni-
cal information. This has great potential to provide farmers with timely information on
water-saving irrigation technologies. Innovate the form of agricultural technology training,
combine online and offline technical training, actively expand the channels for farmers to
receive technical training, provide farmers with more credible and more innovative training
methods and improve the effectiveness of technical training. (vii) Implement differentiated
guidance methods to meet the needs of different types of farmers. Different types of farm-
ers have different objectives in pursuit of agricultural production management, so they
also have different focus points in adopting water-saving irrigation technology. Therefore,
training methods with different emphases can be adopted according to different types
of farmers.

This study has some limitations. First, using cross-sectional data, this paper cannot
analyse the dynamic impact of risk aversion and technical training on farmers’ water-saving
irrigation technology adoption behaviour. Second, this article only considers water-saving
irrigation technology in agricultural resource conservation technology. Further research is
needed to evaluate the impact of risk avoidance and technical training on farmers’ adoption
behaviour of different types of resource conservation technologies. Finally, for farmers, the
cost of technology adoption is one of the critical factors affecting the adoption behaviour
of water-saving irrigation technology. This article considered the possibility of potential
measurement errors and did not include them in the model analysis. Whether this impacts
the estimation results of this article still needs further testing.
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Abstract: Short food supply chains (SFSCs) are one of the most direct approaches to more directly
connecting consumers with producers. The scaling-up of SFSCs is often challenged by critical issues
which can be overcome with identification of the most sustainable, replicable schemes. This paper
presents the results of a participatory analysis conducted within the agroBRIDGES H2020 project,
with the aim of defining a list of economic, social, and environmental attributes and indicators to
assess the sustainability of SFSCs and set up a decision-making tool to support producers in self-
assessing their sustainability level and choosing the most appropriate business model (BM) from
those identified within the project. The proposed framework was based on a literature review and
validated using co-creation exercises (Delphi rounds and focus groups) with relevant European
stakeholders. A final set of 47 indicators was identified, and their potential for use in assessing the
sustainability level of various BMs was also validated. Early results highlighted three main issues:
indicator calculation feasibility, business model categorization, and the simplicity of the framework
for sustainability self-assessment. Some recommendations are made, including the importance of
using a participatory process in building an evaluation framework on SFSC sustainability and the
necessity of its adaptation to territorial contexts and needs.

Keywords: short supply chains; producers; sustainability; participatory methods; co-creation exercise;
farmers

1. Introduction

Short food supply chains (SFSCs) can be understood as supply chains with a min-
imized number of intermediaries. Although they have been proven to bring economic,
social, and environmental benefits, they represent a niche phenomenon in the agri-food
market [1–5]. The so-called “gold standard” for SFSCs would be direct contact between the
producer and the consumer in terms of maximizing revenue and income for farmers and
producers [6,7].

SFSCs are also considered in the Farm to Fork strategy as a useful way of improving
the resilience of regional and local food systems, considering their production, processing,
and selling processes, as an alternative to conventional longer chains [6,8].

The literature presents and catalogues many different types of SFSCs; these are clas-
sified according to different criteria, including the geographical distance between the
production and sales points and the chain’s organizational aspects [5,9–11].

Nowadays, the spread of SFSCs is enhanced by many factors, including an interest in
and awareness of the consumption of local and secure products, as well as a willingness
to establish direct contact with the producers or a level of trust regarding the origin and
traceability of a product [7,9,12,13]. Despite this growing trend, some barriers limiting
the scaling-up of SFSCs still exist, including a lack of information (e.g., unclear labels or

Agriculture 2023, 13, 646. https://doi.org/10.3390/agriculture13030646 https://www.mdpi.com/journal/agriculture191



Agriculture 2023, 13, 646

difficulties in communicating the added value of products), weak cooperation between pro-
ducers, a generational gap, and infrastructural deficiencies (e.g., critically minimal Internet
connection in rural areas, and logistics and distribution issues). Several studies, such as that
of Hyland et al., conducted in 2021 [14] within the framework of the H2020 agroBRIDGES
project, highlight that major consumer motivations to purchase within short chains include
product quality in terms of taste and freshness, food safety issues, support for the local
economy, and trust in SFSC producers.

This study is also part of the same H2020 research project, which is largely based on
the development of an agri-food multi-actor framework and a set of practical support tools
(called the agroBRIDGES toolbox) which can be used to connect producers with consumers
in new SFSC business and marketing models (BMs), a term which is further defined later in
this work. Among the different tools available, a key role is played by the development of a
producer decision-support tool (DST) to facilitate the identification of the most sustainable
business model to be adopted by each producer. The tool is based on a multi-criteria
decision analysis (MCDA) that compares BMs. In MCDA approaches, it is assumed that
the relative attractiveness of the sales channels depends on a set of indicators [15]. The
indicators are intended to measure the economic, environmental, and social sustainability
of the sales channels.

The purpose of this study is to show how a participatory process succeeded in the
identification of a set of attributes and indicators that constitute the basis of the DST,
supporting farmers in self-measuring their production sustainability.

To achieve this goal, suitable indicators to compare the business models within an
SFSC were identified through a two-stage qualitative analysis. After a first stage of in-depth
analysis of the literature, experts and stakeholders from different European countries were
included in two Delphi rounds and two focus groups (FGs) to discuss a primary list of
indicators and choose those considered more suitable from the point of view of producers. A
final set of 47 indicators, listed as 14 attributes corresponding to 3 sustainability dimensions,
was created.

Although, in the literature, studies investigating the sustainability of supply chains are
often focused on consumer benefits or preferences and the analysis of market demand [16–19],
the novelty of this study lies in its consideration of the production side and the position
of farmers in the supply and value chains. Moreover, the sustainability assessment was
conducted using the direct engagement of producer and sector representatives, who were
involved in participatory exercises.

This paper is divided into six sections: an introduction, presenting the general con-
text of the research and objectives; a literature review on SFSC classification approaches;
a methodology section illustrating the indicator definition process following the agro-
BRIDGES participatory approach, with a focus on how a qualitative approach has been
effective during the definition process and considering the inclusiveness and interactions
occurring in the focus groups and Delphi rounds; results and discussion sections on the con-
crete use of such evidences; and a conclusions section regarding the limits of the research
and future steps.

2. Literature Review

Traditionally, SFSCs allowed producers to have a strong position in the food chain,
but their role decreased with Europe’s industrialization and the rise of long-distance
transportation, urbanization, and technological advances [20]. Mass distribution rose
spectacularly in the 1960s with the import of the American model of supermarkets to
Western Europe, unbalancing the producer’s position in the agri-food supply chain and
decreasing their income. During the 1990s, many small farms disappeared, and local open-
air markets were often dominated by retailers who procured from wholesalers and large
chain suppliers. Nowadays, renewed consumer interest in direct purchasing, in relation to
the demand for more secure products, has boosted the resurgence of SFSCs and of new and
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innovative business models [5,7,21]. In 2015, 15% of farmers sold half of their products via
short chains [22].

On the policy side, several EU member states have developed legal frameworks and
incentives to support short agri-food chains. At the EU level, support for short supply
chain initiatives is provided by rural development policies. Within the “CAP towards 2020”
proposals, the European Commission (EC) has also proposed that SFSCs may be subject to
themed sub-programs within the oncoming Common Agricultural Policy (CAP) strategic
plans. This is what occurred with the Farm to Fork strategy, in which the promotion of
SFSCs had a central role.

SFSCs are attracting more and more attention in research on food systems, partly
as a result of their growing popularity among consumers, producers, and policy makers.
Longitudinal interdisciplinary assessments of different types of SFSCs could also be useful
for identifying levers and barriers to sustainable production and consumption, as well
as for assessing their role in improving the agro-industrial scheme based on intensive
production and long chains [23]. Their potential input in the transition towards a more
sustainable food system [24] offers many research insights.

Concerning SFSCs, different approaches are used to classify their models, including
innovation, the interpretation of local concept, proximity, organizational issues, and trust
(Figure 1).

Figure 1. Approaches to classifying SFSC models.

One vision of SFSCs is based on the concept of innovation, dividing SFSCs into
two overarching clusters: traditional or neo-traditional [6] and modern [25]. Within the
SmartChain project, Sebök et al. (2022) [26] identified technological and non-technological
innovations that can be applied in short food chains to increase their attractiveness for
consumers and to improve the ability of SFSCs to deliver products and services reliably and
consistently. The largest number of innovations identified concerns the issue of “logistics,
product accessibility and short food chain channels”, followed by food preservation and
other processing technologies (i.e., preservation of freshness; nutritional value; packaging).

Some authors have focused on the context-based understanding of the concept of local
food, distinguishing between “locally produced food for local consumers” and “locally
produced food for longer-distance consumers” [27]. These terminological clarifications
stress the complexity of SFSCs, their link with food, their local context, and the role of
knowledge-based relations between local actors [27]. Thomé et al. (2021) [28] grouped
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chain models by convergence of interests and the need to add value criteria and described
the conceptual coexistence framework of the food supply chains and SFSCs, this being at
odds with the current bias of the literature.

Otherwise, according to Malak-Rawlikowska et al. (2019) [5], SFSCs can be catego-
rized in terms of proximity between producers and consumers from three points of view:
physical, organizational, and social. Contrary to what common sense might suggest, the
application of physical proximity could lead to an unclear assessment of environmental
impact [7]. For example, frequent deliveries of small quantities of products, even with very
few displacements, may lead to negative impacts on environmental sustainability [29,30].
Majewski et al. (2020) [10] highlighted how SFSC models are characterized by the highest
level of emissions, as they entail the use of personal cars (i.e., pick-your-own and on-farm
sales). Eco-efficiency indicators display wide variability across the different types of SF-
SCs because the distribution process depends on numerous factors, including not only
geographical proximity, but also supply chain infrastructure and logistics. On the other
hand, organizational and social proximity generate social benefits [12], increasing consumer
confidence in producers and bringing economic benefits to the local economy [4,31] while
allowing producers to strengthen their position [5,7]. Different types of SFSCs also have
different outcomes: for instance, farmers’ markets may create stronger producer–consumer
interactions, while direct sales are generally more efficient in terms of demand stability and
economic return for producers [32].

Petropoulou et al. (2022) [33] highlight trust as the single most important determinant
of success in SFSCs: “Without trust, any collective endeavor is doomed to fail. At the same
time, trust is both an input and an outcome in SFSCs, where trust leads to more trust and
vice versa”. In general, organizational issues, i.e., the way initiatives are organized using
traditional or new methods, seem to be an important factor in how the social, economic,
and environmental sustainability of an SFSC is perceived, even in spite of geographical
differences [12].

3. Materials and Methods

The focus of this study was to identify a group of attributes and indicators to assess the
overall sustainability of SFSCs for the three main dimensions considered in the literature
(economy, environment, social issues) [5,9,10,34]. The logical framework underlying the
study is as follows:

Dimensions of sustainability → identification of attributes → selection of feasible indicators.
Within this framework, the three sustainability dimensions are composed of a set of

identified attributes, each of them described by a selected set of different indicators. As
suggested by Pyke et al. (2002) [35], we use the term attribute to describe a component
of an SFSC that cannot be directly measured, and so a set of observable and measurable
indicators can be used as a proxy. In this framework, the study aimed to determine a set of
attributes and indicators to assess different SFSC business models through a multicriteria
dashboard, as well as the development of the DST.

The research path was based on a two-stage qualitative analysis: (i) a literature review
with the aim of proposing an initial list of issues and variables to be considered; (ii) a
process of discussion and validation of the results of the first stage through a participatory
process based on two Delphi rounds and two focus groups. The result of the second stage
was the identification of a final list of feasible attributes and indicators by the so-called
SFSC business models (BMs), as categorized in previous phases of agroBRIDGES [11]. The
proposed categorization of SFCS BMs was firstly based on different types of relationships
between producers and consumers, as shown in Table 1.
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Table 1. agroBRIDGES Business Models.

agroBRIDGES Business Model Category SFSC Business Model Type

Face-to-Face Trade
On-farm sales—Farm shops

On-farm sales—Pick your own
On-farm sales—Farm-based hospitality

Local Food Trade

Off-farm sales—Sales to retailers who source from local farmers
and who make farmer identities clear

Off-farm sales—Commercial Sector—Farmers’ markets and
other markets

Off-farm Sales—Farm shops
Off-farm sales—Sales directly to consumer co-operatives

Online Food Trade
Farm-direct deliveries—Internet sales

Off-farm sales—Internet sales

Improved Logistics
Farm-direct deliveries—Delivery schemes
Farm-direct deliveries—Specialty retailers

Other models CSA

Source: Adaptation from AgroBRIDGES project D2.1.

In stage 1, the analytical framework following the economic, social, and environ-
mental dimensions of sustainability was composed. To this aim, a first set of indicators
was compiled, starting with a deep literature review of roughly 80 scientific references
and other similar international project results, including SmartChain [26,33,35–39] and
Strength2Food [12,40–42], focused on methodical models and instruments to assess SFSC
sustainability [7,43]. This initial list included over one hundred indicators. Such a large set
of indicators cannot be managed effectively, especially by farmers. Additionally, overlaps
between indicators and poor practical feasibility of populating them were observed in
many cases. Often, only theoretical hypotheses were proposed, while studies that had
concretely measured the dimensions of sustainability were found to be in the minority. Con-
sequently, applying criteria of non-redundancy and practical feasibility, the team selected a
second list of indicators from the first list (63), aggregated into different attribute groups by
sustainability dimensions, to be proposed operationally in the project and then aggregated.

In stage 2, an online participatory process using qualitative methods was proposed to
assess and validate the attributes and indicators from the first stage. This approach—which
could be considered a co-creation exercise—was chosen as the most appropriate method
of validating the designed set, following RACER criteria (Relevant, Acceptable, Credible,
Easy, and Robust). For the further phases of the agroBRIDGES project, a final and validated
set of attributes and indicators was used to design the DST. The tool was then tested and
validated by producers involved in the project around Europe, who implemented it in their
business practices.

The following part of the paragraph outlines the participatory process carried out
by the research team during the period of November 2021–January 2022 to formulate the
final set of attributes and indicators, detailing the two qualitative methods chosen: Delphi
rounds and focus groups.

The Delphi method is a structured methodological communication process that con-
veys competent opinions on specific questions, using questionnaires to reach shared conclu-
sions that are as clear as possible based on consensus and stability [44–46]. For the purpose
of this study, the Delphi technique was applied to explore the consensus of the participants
on attributes and indicators chosen for the SFSC sustainability measurement. The activity
was structured into two rounds.

For the first round (December 2021), a panel of experts from the European academic
sector was invited by e-mail to complete an online questionnaire composed of 10 closed
(Likert scale) and open-ended questions based on open-access software (i.e., the Google
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module). The purpose of the questionnaire was to analyze the level of agreement and
disagreement regarding:

1. The different attributes presented for the measurement of the economic, environmen-
tal, and social sustainability of SFSCs;

2. The relationship between each economic, environmental, and social sustainability
attribute and the five different business models identified (shown in Table 1) during
the previous phases of the project.

In total, 19 experts from Finland, the United Kingdom, Greece, Belgium, Hungary,
France and Italy completed the questionnaire; in order to reach a general consensus, the
answers were analyzed following a feedback process [44].

The responding experts from the first round were invited to fill out the second-round
questionnaire (January 2022). This second DELPHI round was composed of 9 closed-ended
questions based on the results of the data collected in the first-round. Attributes that were
either judged too negatively or met with a near-unanimous positive consensus were not
reintroduced in round two, while attributes that did not meet with a sufficiently polarized
and clear judgment were the subject of round two. The questionnaire was divided into
different parts relating to the following themes:

1. A re-evaluation of the indicators that did not reach a sufficiently shared assessment in
the first round;

2. The degree of expert agreement or disagreement with the attributes provided for the
sustainability assessment of the five identified business models.

The focus group technique [47] is a research method that allows for the collection
of qualitative data through a group discussion. It enables the gathering of potentially
hidden information through the interactions between participants. For this study, two
online meetings were organized. The two focus groups were set during the period of
December 2021–January 2022.

The first FG involved members of the agroBRIDGES Stakeholder Reference Group
(composed of one representative per each state participant as well as other stakeholders
from the Experts Advisory Board and from the EU agri-food community), while the
second involved experts from sister European projects on SFSCs (COACH, FOODRUS,
and COCOREADO). The FGs aimed to present a list of indicators and select the most
suitable and feasible ones to design an assessment model according to RACER criteria
(Relevant, Acceptable, Credible, Easy, and Robust). The two events were conducted online
and moderated by CREA researchers. The application Mentimeter (www.mentimeter.com)
was used by the coordinators and experts to share comments, ideas, and opinions on-screen
for each group of indicators presented and discussed, allowing for smoother and easier
interactions among participants.

The discussions were based on analyzing the feasibility of the following attributes for
measuring the SFSC sustainability in its three dimensions (economic, environmental, and
social) and of their associated indicators (detailed indicators are shown in Tables 2–4):

• Attributes of the economic dimension: price, value chain, local producer sustainability,
on-farm impact, bargaining power, regional economic impact;

• Attributes of the environmental dimension: food miles, energy consumption, type of
process/production/packaging, food loss and waste;

• Attributes of the social dimension: labor/employment, human capital, social capital,
food and nutrition, governance.
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Table 2. Initial results of economic attributes and indicators.

Attribute Indicator DELPHI FG 1 FG 2 Final Assessment

Price

Price different from farmgate (EUR) A A

Premium price (%) A A

Selling price is cheaper (%) R R

Value distribution

Chain value added (EUR) A + A

Chain value added (%) A + A

Reduction in production costs (%) A + - A

Reduction in supply cost (%) A + - A

Generated value is more equally distributed A + A

Farm economic
results

Turnover A A

Financial support A A

GVA A - - R

Production costs A A

Distribution costs A A

Access to credit A A

Regional
economic impact

Number of employees A - A

Number of producers involved A - A

Geographic scale including hectares farmed V - R

Sells to local customers V - A

Local supply A - A

Bargaining power

Relationship with customers A + + A

Relationship with suppliers V + + A

Quantity of product sold R + + R

Bargaining power self-assessment A + + A

Source: authors’ own elaboration. Note: Columns 4 and 5 in the table refer to focus group evidence. The sign “+”
indicates a positive and the sign “-” a negative judgment. Column 6 combines the results of the DELPHI and
focus groups to build the final assessment: A = accepted; R = rejected; V = revised.

Table 3. Initial results of environmental attributes and indicators.

Attributes Indicators DELPHI Focus Group 1 Focus Group 2 Final Assessment

Food Miles

Total food miles R - - R

Carbon footprint related to food miles A - A

Reduced food miles—km/kg production A + A

Reduced food miles—km/kg distribution A + + A

Use of fuel A A

Energy
Consumption

% of clean energy from renewable sources R R

Reduced % of energy consumption A A

Increased energy efficiency measures A A
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Table 3. Cont.

Attributes Indicators DELPHI Focus Group 1 Focus Group 2 Final Assessment

Type of production
process

% of organic products A + A

% of local/traditional products A + A

Certification R + - R

Less packaging is used R R

Increased ecofriendly packaging A A

Food loss and waste
Reduced kg of food loss and waste A A

Increased circular economy initiatives A A

Source: authors’ own elaboration. Note: Columns 4 and 5 in the table refer to focus group evidence, in particular:
the sign “+” indicates a positive and the sign “-” a negative judgement. Column 6 combines the results of the
DELPHI and focus groups to build the final assessment: A = accepted; R = rejected.

Table 4. Initial results of social attributes and indicators.

Attributes Indicators DELPHI Focus Group 1 Focus Group 2 Final Assessment

Labor/Employment

Labor to production ratio (hours) A A

Labor to production ratio (AWU) R R

Presence of corporate welfare V A

Increased resilience of employment A A

Inclusion of disadvantaged people (%) A A

Reduced wage difference (%) V R

Human Capital

Generational change A A

Educational attainment A A

Gender equality (%) A + A

No unequal treatment for same roles A A

Smaller gender gap (%) A A

Social Capital

Influence by SFSC A A

New local networks (formal orinformal) A + A

Customer and producer participation A A

Stakeholder involvement A + A

Increased customer trust A A

Food and
Nutrition

Increased access to food via SFSC A A

Standards for food safety A A

Certification V R

Increased customer awareness A + A

Governance

Coopetition index A A

SFSC actor proactive involvement A + A

Typology of governance is moreinformal R R

Collective investments V - R

Type and number of actors R R

Source: authors’ own elaboration. Note: Columns 4 and 5 in the table refer to focus group evidence, in particular:
the sign “+” indicates a positive and the sign “-” a negative judgement. Column 6 combines the results of the
DELPHI and focus groups to build the final assessment: A = accepted; R = rejected; V= revised.

An analysis of the content and topics was used to study the results of this activity.
Finally, from the subsequent comparison of the results between the Delphi rounds

and the focus groups, a final assessment of the feasibility and consistency of the attributes
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and indicators was composed. The evaluation of inclusion or exclusion was subsequently
complemented by an analysis of the attributes and indicators for each business model, as
identified by the agroBRIDGES project. Each of them could be useful for the assessment
of a specific SFCS model, although it could be indifferent to another, or could represent a
positive factor for one BM and a negative for another one. In addition, for each attribute,
one lead indicator was identified as a milestone in the assessment, whereas a certain degree
of freedom was possible in the collection and systemization process for the other indicators.

4. Results

The two qualitative methods were successfully used to discuss the results of the
literature review from the first stage, and the final proposal of a list of attributes and
indicators useful for assessing the sustainability of SFSCs was created. The outcomes,
presented in the figures below, show a high level of agreement among the opinions on the
proposed attributes and indicators, with only some minor exceptions.

The following Tables 2–4 represent the validation process from Delphi and focus
groups for the three dimensions of sustainability. For each sustainability dimension, the
first column lists the attributes, the second the indicators, and the next three columns report
the assessments from the Delphi and focus groups. It must be remembered that these steps
are linked; an issue that did not achieve a sufficiently clear evaluation in one step is not
considered in the subsequent ones. The last column shows the final evaluation of possible
use, indicating which attributes and indicators were feasible and which were not.

The use of a two-stage research method required an interpretative and mediating
analysis to make the information consistent. In some cases, there was also a reversal
of the results obtained, thus shaping the final assessment and the relative inclusion or
exclusion of indicators in the final set. The gross value added indicator in Table 2 serves
as an example. Although it advanced through the Delphi phase, it was deemed useful for
operational practicality to discard the indicator due to the objections received during the
two focus groups, as indicated by the “-” sign in the respective cells. The final assessment
is, therefore, the result of the overall reading of the information obtained from the two
phases of discussion involving experts.

Table 2 relates to the measurement of the economic sustainability of SFSCs through the
following proposed attributes: price, value distribution, farm economic results, regional
economic impact, and bargaining power.

We observed a high degree of agreement, although fewer disagreements and neutral
values were registered for the attributes price, bargaining power, and regional economic
impact, which were re-evaluated in the second Delphi round. More specifically, a critical
reflection on the feasibility of the regional economic impact attribute emerged, as well as
the need to clarify the definition of bargaining power. Additional comments concerned
the reduction in indicators related to costs in order to avoid overlapping and redundancy.
Some other suggestions aimed at simplifying the collection of indicators, especially at
the level of on-farm impact (e.g., turnover could be an easier indicator for the farmers’
self-assessment than gross added value).

Table 3 concerns the measurement of the environmental sustainability of SFSCs de-
scribed by the proposed attributes: food miles, energy consumption, type of production
process, and food loss and waste. There was quite a high level of agreement among the
respondents. However, the presence of some neutral opinions about food loss and waste,
a mixture of disagreements and neutral opinions about type of production process (par-
ticularly concerning the certification indicator), and, finally, a disagreement regarding the
attribute food miles must be underlined. The attribute food miles proved controversial, as
it could be interpreted from very different points of view. Additionally, the certification
indicator was a topic of lengthy discussion due to ambiguity in its assessment, definition,
identification, and use.

Table 4 concerns SFSC social sustainability: labor/employment, human capital, so-
cial capital, food and nutrition, and food system governance. Despite the commonly

199



Agriculture 2023, 13, 646

acknowledged difficulties in the actual measurement of this dimension overall, the ex-
perts underlined the usefulness of assessing the impacts of short supply chains by means
of the attributes. They also suggested a simplification of the attributes proposed using
simpler and more direct indicators that can be better understood by producers. The need
to define the importance of SFSCs for human health emerged during the focus group
sessions, while at the same time, the difficulty of finding suitable measurement indicators
was discussed. The need to think “beyond the gates of the farm” was also highlighted,
including aspects such as measuring the ability to build networks and to involve stakehold-
ers in local/regional networks. In terms of employment, the issues of labor quality and
seasonality were discussed, with the aim of including them in the evaluation set. Finally,
the governance attribute needed to be simplified.

Overall, from the initial list of 63 indicators (23 economic, 15 environmental, and
25 social) from the literature review (stage 1) which were assessed by the Delphi and focus
groups, 47 were confirmed, aggregated, and ranked into 14 attributes in three sustainability
dimensions, and 14 lead indicators were identified as milestones. Table 5 shows the final
set of attributes and indicators. For the economic dimension, the lead indicators identified
are price difference from farmgate, equity in the generated value chain, turnover, number
of producers involved, and bargaining power self-assessment. For the environmental
dimension, these indicators were reduced food miles, reduced energy consumption, access
to agri-environmental scheme support, and reduced food loss and waste. Finally, for the
social dimension, the lead indicators were higher resilience of employment, educational
attainment, stakeholder involvement, increased customer awareness, and coopetition index.

Table 5. Final set of SFSC sustainability attributes and indicators.

Selected Attribute Selected Lead Indicator Other Selected Indicators

ECO

PRICE Price difference from farmgate Premium price

VALUE DISTRIBUTION Equity in the value chain generated Chain value added

Reduction in production costs

Reduction in supply cost

FARM ECONOMIC RESULTS Turnover Financial support

Production costs

Distribution costs

Access to credit

REGIONAL ECONOMIC IMPACT Number of producers involved Number of employees

Sells to local customers

Local supply

BARGAINING POWER Bargaining power self-assessment Relationship with customers

Relationship with suppliers

ENV

FOOD MILES Reduced food miles
(production and distribution) Carbon footprint related to food miles

Use of fuel

ENERGY CONSUMPTION Reduced energy consumption Increased energy efficiency measures

TYPE OF PRODUCTION PROCESS Access to agri-environmental
scheme support % of organic products

% of local/traditional products

Increased eco-friendly packaging

FOOD LOSS AND WASTE Reduced food loss and waste Reduced food loss and waste

Increased circular economy initiatives
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Table 5. Cont.

Selected Attribute Selected Lead Indicator Other Selected Indicators

SOC

LABOR/EMPLOYMENT Higher resilience of employment Labor to production ratio

Presence of corporate welfare

Inclusion of disadvantaged people

HUMAN CAPITAL Educational attainment Generational change

Gender equality

No unequal treatment for the same roles

SOCIAL CAPITAL Stakeholder involvement Influence of SFSC

New local networks

Customer and producer participation

FOOD AND NUTRITION Increased customer awareness Increased access to food via SFSC

Standards for food safety

GOVERNANCE Coopetition index SFSC actor proactive involvement

Presence of corporate welfare

Source: authors’ own elaboration.

Furthermore, through this participatory process, the feasibility of the identified at-
tributes was also assessed in order to measure the sustainability of the five BMs identified
within agroBRIDGES: community-supported agriculture (CSA), face-to-face, local food,
online food, and improved logistics.

The overall process enabled the initial screening and final selection of the most suitable
attributes for measuring the sustainability of each proposed BM. As can be seen in Table 6,
the findings were summarized in a so-called performance matrix to connect and compare
each BM to the most appropriate attributes. The connection is indicated with an “x”.
Instead, an empty cell is used where a specific attribute is irrelevant to a specific BM.

Table 6. Business models’ performance matrices.

Attributes CSA FACE-TO-FACE LOCAL FOOD ONLINE FOOD IMPROVED LOGISTICS

Price x x x x x

Value Distribution x x x x x

Farm Economic Results x x x x x

Regional Economic Impact x x x

Bargaining power x x x x

Food Miles x x

Energy Consumption x x x x x

Type of Production Process x x x x x

Food loss and waste x x x x x

Labor/Employment x x x x x

Human Capital x x x x x

Social Capital x x x x

Food and Nutrition x x

Governance x x x x

By observing the table, it can be seen that 3 out of 5 models are described by almost all
of the identified attributes (13 out of 14).
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Going through the individual models in detail, it can be assumed that the lack of
certain attributes is due to the fact that the indicators of which they are composed measure
factors that are not applicable to the SFSC model in question.

For example, the “food and nutrition” attribute is missing in the CSA, local food,
and online food models because it is composed of several indicators that are not useful
for measuring the sustainability of these typologies, including the consumer’s full aware-
ness regarding the product they buy and the consumer’s perception regarding a farm’s
commitment to promoting short supply chains.

Similarly, for the local food and online food models, the attribute “regional economic
impact” is missing because it is composed of indicators not relevant to the measurement of
such models, such as the number of producers involved in representing the size structure
of an SFSC on their territory or the number of employees.

5. Discussion

The issue of farm sustainability is at the heart of the forthcoming CAP, not only in
economic and environmental terms, but, above all, within the boundaries of social analysis
in relation to the newly introduced social cross-compliance. However, even though the CAP
2023-27 objectives require an important reorientation of the subsidy scheme, the reform
proposal does not provide the instruments needed to address them [48].

It is, therefore, rational to analyze producers’ views on the sustainability of short
supply chains, often considered sustainable by definition, without using solid supporting
indicators. At the same time, it is also important to empower farmers to engage with other
actors to determine whether the identified criteria are understandable and useful. Agricul-
tural knowledge and innovation system interventions to promote and share knowledge
and innovation (AKIS) could be crucial for this purpose.

The two-stage path of this study was used for the identification of attributes and
indicators that can be easily used by farmers to evaluate which business model matches
their needs. For this reason, lead indicators have been identified to aid farmers in the
collection of data needed for measurement.

In this light, it is important to consider environmental, economic, and social benefits
in relation to the specific type of SFSCs to assess the potential sustainability of the different
SFSC business models, taking into consideration the different actors involved in SFSCs
themselves (farmers, consumers, processors, etc.), and not in a general rational context.

The co-creation approach used herein was particularly suitable for validating the list
of attributes and indicators, because it was based on the direct involvement of experts
with different levels of competence and experience arising from their participation in other
sister projects on SFSCs. They were asked to assess the feasibility of the chosen attributes
and indicators.

The early results highlight at least three elements for discussion that are relevant in the-
oretical and operational terms: feasibility, categorization (business models), and simplicity.

The main constraint remains the feasibility of obtaining basic information, and, there-
fore, the definitive possibility of collecting data for calculating the indicators. These are the
basic building blocks for the assessment of the various attributes and, thus, allow for an
assessment of the three main dimensions.

Despite a copious amount of literature on the topic, only very few references offer
indications for an actual evaluation of SFCSs in operational terms [5,10,32]. Very often, only
theoretical reflections are reported. Moreover, real attempts to quantify these dimensions
are rare. Where quantifications have been possible, information gaps are observed in a spa-
tial or temporal sense, which in turn invalidate the models. In this sense, the quality of data
must also be evaluated in terms of robustness. A trade-off between cost/difficulty of collec-
tion and feasibility can be predicted. In many cases, the literature refers to self-assessment
procedures to ensure the feasibility of collection, leading, however, to a reduction in the
reliability of the information.
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Basically, this research path made it possible to highlight that the initial set of attributes
and indicators from the literature was adequate and feasible. Through the results of the
Delphi and focus groups, there a high level of consensus was reached regarding the
selections made. This is undoubtedly the most important result.

However, the results also revealed several critical points which were addressed and
overcome. The first was the need to provide clear and agreed-upon definitions. For exam-
ple, the bargaining power indicator proved to be difficult to handle for some participants
and was debated at length during the discussions in the focus groups. A second con-
sideration concerned the positive or negative connotation that an indicator should have.
As an example, the meaning of the food miles indicator seemed to be clear and shared
in the literature, but it was highly debated and reinterpreted in the FGs. Moreover, the
meanings of some indicators and their collection modalities were discussed. Due to the
multiplicity of existing types of certifications, the certification indicator was also discussed
at length. To address it, it was considered appropriate to refer to specific adopted rural
development measures.

Finally, participants agreed with the use of self-declaration for the ease of calculation
and the level of reliability of the information, as was often proposed in the literature [9,34].

The second element of discussion concerns the identification of the most appropriate
and explanatory attributes and indicators for the different BMs, which was based on the
results of the participatory exercises and examined through the performance matrix. This
highlights how this approach allows for categorization due to the flexibility of the grid
based on attributes and indicators. The consensus on the proposed models resulting from
the literature review in an earlier step of the project was the first interesting thing to be
noted. Equally remarkable is that consistent assessments of the explanatory capacity of
the selected indicators for each SFSC model were gathered. As was already noted from
the results of the first Delphi Round, the polarization between adherent and non-adherent
opinions on the indicators for each model was very clear. In fact, only a limited number of
them required a second evaluation round. The overall rating of feasibility in relation to the
SFCS models was also homogeneous.

The analysis conducted taking into account the different models of SFSC highlights
some important differences concerning the practices adopted by farmers, and helps to
overcome an excessively abstract vision of these distribution methods. Indeed, we often
talk about short-chain models as if there were a single modality for reducing the number of
intermediaries, yet the different practices considered herein affect sustainability dimensions
and influence both prices and growth in different ways.

The evaluation model proposed by the research was positively perceived by the
participants. This result is important because it reflects both the adequacy of the proposals
and the concrete applicability of the performance matrix to the DST. In this sense, the trade-
off between simplicity and explicative capacity seems to be considered adequate, and the
course of action consistent and robust. This could be especially interesting for the purpose
of reducing the distance between research and practices when considering agricultural
sustainability. In fact, while the research generally uses complex models and procedures
to measure sustainability and applies them with the aim of generalizing the results and
confirming the validity of approaches, farmers need to have simple tools to understand
immediately whether the choice to be made is in line with their vision and strategy.

6. Conclusions

The qualitative research approach was found to be suitable for validating the proposed
framework of indicators through the direct involvement and inclusion of different represen-
tatives of the sector in co-creation activities (focus groups and Delphi rounds). In this sense,
the research also takes into account producers’ points of view, albeit indirectly, and reflects
the main goal of the project, which is to balance the role of agricultural producers as active
players for a more sustainable agri-food sector. This study lays an additional brick in the
research framework regarding the measurement of short supply chain sustainability and
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the methodology of participatory approaches by considering the needs and views of the
production sector instead of consumers only. However, it is also necessary to emphasize
some limits of the research which could be attributed to methodological issues and the real
engagement of farmers in the research pathway.

The novelty of this study is the determination of a process to handle the three main
critical factors that the research results highlighted: feasibility, relationship with business
models, and simplicity. This objective is even more challenging in this work because it must
lead to set operational tools in the field and not only to a proposition of a methodological
exercise, as can often be observed in the literature. The use of co-creation based on the
literature review and qualitative techniques proved to be appropriate. This mixed and
participatory approach provided both insights and operability to the process through the
Delphi and focus groups. In relation to the three critical issues highlighted, the study pro-
vided concrete solutions: (i) it addressed the critical issues in terms of feasibility, building
a common understanding of the indicators; (ii) it ensured the necessary flexibility of the
indicator system in relation to the specificities of the different business models; and (iii) it
simplified the process of gathering information from producers through self-declaration.

From a methodological point of view, the business models were identified within the
countries of the project partners, starting from the most common practices. However, other
practices and models could be widespread in Europe, and it would be useful to check
whether there are other attributes and indicators identified as valid for them, and/or if
there are any others to be used.

In fact, the participatory research involved different experts in SFSC, not all of whom
were farmers, with potentially different opinions on appropriate, explanatory, and simple
attributes and indicators for specific practices in their contexts. However, another stage of
the project will specifically be aimed at verifying the results of this exercise.

These constraints could be addressed and overcome by exploring and analyzing
specific geographical contexts, adapting the framework to local or national territorial needs,
and collecting more feedback, mainly from farmers. Moreover, this research could add
significant elements to other studies dealing with the application of tools that producers
can adopt on their own to improve their business choices in terms of sustainability.
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36. Parrag, V.; Fricz Szegedyné, Á.; Sebők, A. Application of digital solutions to improve the operation of short food supply chains.
Int. J. Food Stud. 2022, 11, SI151–SI160. [CrossRef]

37. Chrysanthopoulou, F.; Lamerisb, M.; Greil, G.; Vudragovic, D.; Flynn, K. An online innovation platform to promote collaboration
and sustainability in short food supply chains. Int. J. Food Stud. 2022, 11, SI232–SI247. [CrossRef]
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Abstract: In Indonesia, smallholders have historically practiced agroforestry, which warrants exami-
nation in terms of food and livelihood security within sustainable community forest frameworks.
Based on a literature review, we analyzed these two forms of security related to smallholder agro-
forestry practices. Findings indicate diverse agroforestry systems, with 88% focusing on non-timber
forest products (NTFPs) and 12% on timber. While 42% prioritize direct food supply, 58% emphasize
income generation through product sales. However, agroforestry that does not produce food for
direct consumption by smallholders generates revenue for purchasing food necessities. Agroforestry
supports both food needs (46–61%) and income (51–54%) for smallholders, surpassing traditional
agriculture (13%). Semi-commercial agroforestry (57%) is a predominant livelihood prospect. The
remaining 27% are purely subsistence, and 15% are purely commercial. However, the commercial-
ization of agroforestry that focuses only on high-value commodities results in a negative impact on
biodiversity. There is a concomitant decrease in environmental services for climate change mitigation
and adaptation. Biodiversity remains crucial for climate resilience, health care, and food security
in rural communities. Semi-commercial agroforestry is a midpoint for achieving multifunctional
agriculture (biodiversity, soil and water conservation, food security, and income) in the climate
change era. The research directly related to food security and ecosystem services quantification
remains limited, necessitating further investigation. Policy support and incentives are essential for
smallholders practicing complex agroforestry for climate adaptation and mitigation.

Keywords: agroforestry; sustainability; subsistence; commercialization; community forestry

1. Introduction

Growing populations and the depletion of agricultural land are creating enormous
challenges for the sustainability of food production and supply systems [1]. The declining
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quantity and quality of agricultural land, together with water scarcity and climate vari-
ability, is not only threatening global food security but also overall rural livelihoods that
are vastly dependent on agricultural production [2,3]. Approximately 80% of fresh water
is used for agricultural activities to support food production, while only about 10% of
irrigated water in developing countries comes from reused wastewater [4,5]. In this context,
crops in agroforestry systems require less water due to their efficient use of available soil
water content (‘green water’) than many monoculture systems [5].

Foods such as grains, vegetables, fruits, dairy, and meat are important to human
nutrition [6]; the production of such foods in conventional agriculture has contributed to
negative environmental and social effects, e.g., climate change, biodiversity, ecosystem and
land degradation, water scarcity, and stressed social structures [7,8]. This is also because the
intensification of conventional agriculture mostly relies on chemical fertilizers, excessive
water use, mechanization, and hybrid genetic engineering [9,10]. Across the landscape, the
conversion of forest land to agricultural land has had an impact on water availability, thus
causing the loss of hydrological functions associated with infiltration [11] as well as climate
change on a local to global scale [12], trigging a shift to sustainable and multifunctional
agriculture [13]. Sustainable agricultural supply chains generate greater production and/or
higher agricultural productivity while at the same time achieving enhanced environmental,
economic, and social outcomes [14].

Multifunctional agriculture can improve food production and positively impact social
and environmental aspects, contributing to sustainable development [8,15]. Combining
the Sustainable Development Goals (SDGs) of the forestry sector (SDG 15) and agriculture
(SDG 2) in integrated land management has the potential to achieve three broad groups
of SDGs [16]. Agroforestry as regenerative farming by food producers suits the SDGs
program [8,17]. Hence, it can potentially be the future of agriculture [18]. Conversely,
unsustainable agriculture practices [13] can be transformed into environmentally friendly
agroforestry [19]. Agroforestry systems create multifunctional landscapes for income
diversity and environmental services (clean water, biodiversity, carbon sequestration, and
cultural conservation) [20,21]. Land use is often characterized by an integration of forests,
agroforestry, agriculture, and settlement areas, which have to meet many interests and
conflicting needs to produce products and services that support the SDG agenda [19].

In general, land covered by trees with the dual functions of producing food and
environmental services is called agroforestry [22]. Agroforestry must be developed to
integrate forestry and agriculture [23]. The forms of an agroforestry system can be a combi-
nation of commodities, such as agri-silviculture, silvofishery, silvopasture, agrosilvofishery,
agro-silvopasture, and apiculture. The main requirement of an agroforestry system is
that there are tree stands as the main component. A ‘forest’, according to the Food Agri-
culture Organization of Global Forest Resource Assessment (FAO FRA) 2000 program,
has a tree canopy cover of >10% and an area > 0.5 ha or 10–30% of the tree canopy area
and conservation of tree diversity [16] for climate change mitigation [24] as well as social,
market, goods, and ecosystem services [25]. In Indonesia, the forest represents land with a
minimum area of 0.25 hectares, and that contains trees with a canopy cover of at least 30%,
capable of reaching a minimum height of 5 m at maturity [26]. Agroforestry can provide
forest ecosystem functions as well as food and other products. It is a system involving
the use of natural resources based on ecology through the combination of trees and crops,
with various kinds and benefits of products (social, economic, and environmental), in a
sustainable manner [19,21,26].

Indonesia’s agroforestry practices have been developed since ancient times [27,28].
Even in Southeast Asian countries, there is a trend to develop a relationship between
agroforestry and food security. However, studies on agroforestry in Indonesia that focus
on food security are still limited [29]. The assumption is that most agroforestry systems are
still based on traditional subsistence practices [27], in which management intensification is
needed to increase business prospects and sustainable food security [30]. The economic
and environmental impacts of multifunctional agroforestry farms are influenced by several
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factors, including scale, regional conditions, management practices adopted and landscape
design [31]. However, no study classifies smallholder agroforestry practices in Indonesia
in detail into three levels of business (subsistence, semi-commercial and commercial)
as indicators of their contribution to smallholders’ livelihood in the climate change era.
Therefore, it is necessary to analyze the prospective business characteristics of smallholder
agroforestry practices that have long been applied and their contribution to smallholder
food security in rural Indonesia. This paper aims to evaluate agroforestry’s contribution to
food and livelihood security for smallholders in the climate change era.

Country Context

In Indonesia, smallholders’ land in rural areas is typically spread among the home
garden, fields (tegalan) and community forests with agroforestry practices. In its devel-
opment, silviculture is defined as establishing and maintaining tree communities that
produce tangible or intangible value to human beings, such as timber, non-timber forest
products (NTFPs), food, and conservation and ecosystem value [32]. Forest and tree crop
products can be a basis for income and food security [21]. Interrelating the concepts of food
security, forests, agroforestry, environmental services, and sustainable development is still
a challenge for Indonesia [22].

Indonesia’s overall food production failed to meet the demand of its 270.20 million
people in 2020 [33]. In 2023, Indonesia’s population reached 277.7 million [34]; however,
the overall farming area has decreased by 12.9% annually [35]. Conversion of rice fields to
non-agricultural land occurred at a rate of around 80,000 ha per year [36], in the context in
which the rate of expansion of such rice fields was around 20,000–30,000 ha per year [37].
The decline in rice production owing to a decrease in paddy fields was by up to 2.4 million
tons over five years [38]. Moreover, climate change causes a decrease in rice production
by 1.37% of the total production per year [39]. Therefore, the data show that rice imports
reached 407,741.40 tons in 2021 [36].

The percentage of the population classified as ‘food insecure’ in Indonesia was 7.9%
in 2019 [40]. Food must be accessible to communities in remote areas. In Indonesia, the
population is spread over 83,931 villages, of which 3.3% are in forest areas (2768 villages),
22.18% are on the edge of forest areas (18,617 villages), and 74.52% are outside forest areas
(62,546 villages). Among those, 99% of the villages located inside the forest depend on
agricultural production as their main source of income, which is 93.8% and 79.4% for the
villages located at the edge of the forest and outside the forest, respectively [33]. The ability
to access food must be accompanied by ensuring viability, stability, and sustainability.
Indonesia needs to develop widespread, sustainable, regenerative agriculture [10].

Indonesia’s land area (191.1 million ha) features potential dry land of 144.5 million ha
(76%), 42.7 million ha (22.4%) of wetlands, and 4.6 million ha for other uses. Dry land
with a wet climate is spread across Sumatra, Kalimantan, and Java (133.7 million ha), and
dry land with a dry climate is spread across Eastern Indonesia (10.7 ha) [41]. Neverthe-
less, based on the FAO FRA 2000 program, the rate of deforestation in Indonesia reached
0.78 million ha/year during 2010–2020. The latest data for 2020–2021 show that deforesta-
tion in Indonesia was 113,534.3 ha [42]. The agricultural land expansion rate for rice fields
was around 20,000–30,000 ha annually [37].

Indonesia has already committed to promoting sustainable agriculture to achieve food
security through more diverse food production systems using local resources [40,43]. In-
donesia has 77 types of carbohydrate sources, 26 types of nuts, 389 types of fruits, 228 types
of vegetables, and 110 types of spices and seasonings [39]. Local food consumed by a
community can be sustainable [10] if it contributes positively to three aspects: (1) the
environment (reducing greenhouse gas (GHG) emissions and sustaining the supply chain,
e.g., reducing food loss and reducing packaging; (2) socio-economic (a local identity that
can unite communities and provide income); and (3) health (providing healthy, diverse
foods and reducing loss and waste [10]. People’s reliance on rice in Indonesia as a source of
carbohydrates can be reduced through food diversification, e.g., by consuming tubers, sago,
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breadfruit, and sugar palm. Several types of tubers as alternative food sources include
cassava, sweet potato, suweg (Amorphophallus paeniifolius), arrowroot (Maranta arundinaceae),
taro (Colocasia esculenta), kimpul (Xanthosoma sagottifolium), gembili (Dioscorea esculenta),
canna (Canna edulis), and porang (Amorphophallus muelleri) [39,44]. These food commodi-
ties are produced from agroforestry to various types of land use systems, cultivated by
smallholder farmers.

In the era of climate change, one of the growing obstacles to sustainable agriculture
is the availability of water resources. Hence, utilizing dry land for food production is a
strategic challenge. The Government of Indonesia issued Law no. 16/2014 and Presidential
Decree 61/2011 regarding Planning, Implementation and MRV Systems to Achieve Emis-
sion Reduction (Rencana, Implementasi dan Sistem MRV untuk Mencapai Penurunan Emisi or
RAN-GRK) as part of the national commitment to the Paris Agreement, which includes the
development of environmentally friendly (low carbon) agriculture. The Indonesian gov-
ernment issued Minister of Environment and Forestry Regulation No. 9/2021 concerning
Social Forestry Management to provide opportunities for communities to gain access to
and benefits from forest management. Ministry of Environment and Forestry Regulation
8 Number 2021 concerning Forest Management and Preparation of Forest Management
Plans and Forest Utilization in Protected Forests and Production Forests encourages in-
creased productivity of forest land by applying agroforestry and multi-business forestry.
Agroforestry practices can also be applied to dry land areas because they are relatively
efficient with water resources. Therefore, the option of promoting or linking agroforestry,
tree crops, and household food security should be considered a critical theory (sustainable
agriculture in climate change) [45] and climate-smart agriculture [46].

2. Materials and Methods

This study is based on a literature review of both peer-reviewed and grey litera-
ture [47]. The review mainly focused on six scientific areas of interest in English and
Indonesian—agroforestry, hutan rakyat (community forest), smallholders, food security,
business prospects, and Indonesia—through an intensive search of online publications
that primarily appeared from 2000 onwards. A preliminary scoping study was conducted
based on a Google Scholar search targeted at finalizing keywords and search phrases and
contributing to the framing of the manuscript. After finalizing keywords and phrases,
relevant literature was gathered using scientific research search sites, i.e., Google Scholar,
Mendeley, Scopus, and Web of Science. The selection of papers in reputable journals and
several proceedings was carried out to identify research directly related to the contribution
of agroforestry to smallholder food security and business prospects in Indonesia. Papers
about agroforestry related to climate change adaptation and mitigation were also examined.
Previous studies have assumed that agroforestry is an appropriate practice in the era of
climate change for adaptation and mitigation, so it still contributes to food security and
livelihood [8,21,48]. After removing any duplicates and considering the timeframe for the
study, we selected 38 documents for thorough review by considering their relevance. The
stages of searching and screening the publications are shown in Figure 1.
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Figure 1. Stages of literature selection from various web-based databases. The process was adopted
from Paudyal et al. [49].

The review was carried out by reading the content of the literature in detail. Relevant
information was carefully compiled point by point, and scientific interpretations were
made by using narrative qualitative and narrative compare analysis methods, including
tables and figures [50]. The analysis process classified business and food security of
smallholder agroforestry practices in Indonesia. Agroforestry businesses were classified as
(1) subsistence, (2) semi-commercial, and (3) commercial [51]. ‘Subsistence’ agroforestry
is typically applied to small areas with various crops in random planting arrangements
and less intensive maintenance. Farmers manage subsistence agroforestry to meet their
daily needs through day-to-day activities mainly related to providing family food. Any
timber plantations are considered savings and a source of income when smallholders
need money, with the timber being cut and sold. ‘Semi-commercial’ is an intermediate
or transitional form of agroforestry, from subsistence to commercial, characterized by
cultivating semi-commercial plant species with products that the household can consume
and sell locally [51]. ‘Commercial’ agroforestry consists of two to three combinations of
plant species, one of which may be the staple or main commodity developed on a broad
scale with adequate technological input [51]. Commercial agroforestry requires professional
management and a well-organized supply chain.

Food security consists of supply adequacy, simple physical or economic access, utiliza-
tion, stability, and sovereignty [52]. Based on the World Food Program [53], food security is
classified into six priority groups: 1 to 2: most vulnerable; 3 to 4: moderately vulnerable;
and 5 to 6: food secure. The criteria used are food access, dietary diversity, nutritional
security, and income [53]. Based on this method, related to food security, we found vul-
nerable food prospects on all islands in Indonesia: Sumatra (priorities 2–6); Kalimantan
(priorities 3–6); Sulawesi (priorities 2–6); Java (priorities 2–6); and West Nusa Tenggara,
East Nusa Tenggara, Maluku, and Papua (priorities 1–4) [29,53]. The logical framework of
the literature study was qualitatively described, analyzed, and synthesized (Figure 2).
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Figure 2. The logical framework of the literature study.

The criteria of the food security level in this study are determined by the level of
food availability and dietary diversity. ‘High’ indicates an adequate staple food quantity
that meets farmers’ daily needs, with the example of agroforestry in which diverse food
sources—such as staples, fruits and vegetables—are produced. ‘Medium’ indicates food
produced only during particular seasons; typically, the diversity of crops is lower than the
high level. ‘Low’ indicates restricted food availability and dietary diversity, even with no
food crops in the agroforestry system. The level of food security, which reflects the level of
crop diversity, is related to the resilience to climate change. The higher the contribution to
food security and the higher the biodiversity from agroforestry practices, the higher the
level of resilience and mitigation in the climate change era.

3. Results

Based on the representativeness of smallholder agroforestry practices in Indonesia
(Figure 3), we found 33 references to be grouped into three business levels as indicators of
their contribution to smallholders’ livelihoods and local community food security. In total,
33 peer-reviewed studies were grouped into business types and their prospects for food
security. In total, 8 peer-reviewed studies on subsistence agroforestry practices, 19 studies
on semi-commercial agroforestry practices and 5 studies on commercial practices explicitly
fit the definitions of the three business types.

Agroforestry practices are related to access to food, food diversity, nutritional security,
and income of smallholder farmers in rural areas. Forty-two percent (42%) of the peer-
reviewed studies were directly related to contributions to a community’s food needs. At the
same time, 19 (58%) peer-reviewed studies were related to the contributions of increasing
income, which means an indirect contribution to meet a community’s food needs. From
14 reviews of direct contributions to domestic food consumption, households were grouped
into low (6 cases or 43%), medium (7 cases or 50%), and high (1 case or 7%) contributions.
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Of the 33 peer-reviewed studies, we found that most smallholders practiced NTFP-
based agriculture (29 studies), and only four cases practiced timber-based agrisilviculture.
The results of the review indicate that the composition of plants in agroforestry was im-
pacted by several factors, such as the width of the agroforestry area, the location, and
the farmer’s economic background, culture, and beliefs. Agroforestry plants were often
cultivated in the form of (1) timber species, such as teak, sengon (Falcataria falcata (synonyms:
Albizia falcata, Falcataria moluccana and Paraserianthes falcataria) and mahogany (Swietenia
spp.); (2) multipurpose species, such as mango, durian, coconut and sugar palm; (3) food
crops, such as upland rice, maize, cassava, taro, and sweet potatoes; (4) high-value com-
modity crops, such as cocoa, clove, nutmeg and coffee; (5) spices and medicinal plants,
such as chili, ginger, turmeric, and galangal; and (6) fodder, such as Leucaena leucocephala,
Gliricidia sp., and Erythrina sp. In some areas, the greater the area of land for agroforestry,
the greater the proportion of trees compared with annual crops [54].

Moreover, agroforestry’s contribution to the total revenue varies greatly depending on
plant composition and land size [46,54–58]. Communities frequently practice agroforestry
on small plots of land and prioritize supplying their basic needs. Therefore, the busi-
ness classification of agroforestry in Indonesia is often ‘subsistence’ or ‘semi-commercial’.
Only 7 peer-reviewed studies provided detailed financial analysis, and most of the stud-
ies (26 articles) only stated the contribution to food production and the percentage of
contribution to the total income of smallholders, which was related to complicated com-
modities, most of which were side businesses, meaning that such smallholder production
was generally not recorded with detailed production inputs and outputs. From the seven
peer-reviewed articles, six studies were classified as ‘semi-commercial’ agroforestry, and
only one study was ‘commercial’ agroforestry. Agroforestry practices, which consist of
high-value commodities—such as coffee, cocoa, rubber, and nutmeg—provide higher con-
tributions to smallholders’ incomes. The average NPV from this agroforestry system was
more than IDR 4 million (≈USD 256 as of July 2023) per year. The Internal Rate of Return
(IRR) was higher than the interest rate; the ratio of benefit and cost (BCR) was more than 1.
The main contribution of this agroforestry system was income for smallholders, but a lack
of food production is an issue, as illustrated in West Java, West Timor, West Nusa Tenggara,
West Papua, and Central Java.

3.1. Subsistence Smallholder Agroforestry Practices

A ‘subsistence-scale’ business means that most products are consumed directly to
meet the domestic needs of the household, and only a small portion, if any, is sold to
the market. ‘Subsistence-scale management’ means cultivating various plants with non-
intensive maintenance in the yard or field around a smallholder’s house. This is similar to
the type of complex agroforests, tree-dominated home gardens, or smallholder tree crop
plantation agriculture that rural households have established to obtain short-, medium-
and long-term income [59]. As an example, in West Bandung, most smallholders used their
farm products for domestic consumption: only 3.03% sold their products [60].

Based on nine references (Table 1), the cases of intercropping crops under teak in West
Java [61] and alley cropping in Bali [62]; dusung traditional agroforestry in Maluku [63],
mixed cropping in Central Java [64] and Central Sulawesi [57]; home garden agroforestry
in Central Java [65], West Java [66], and Madura [67]; and agroforestry farms (teak and
fruits) in Gunung Salak, Bogor, West Java [68]; were grouped as ‘subsistence’ businesses
(consisting of NTFP-based agrisilviculture (eight cases) and timber-based agrisilviculture
(one case). Most of the studies focused on densely populated areas in Java, Madura, and
Bali, with limited community forest land areas. The contribution prospects to food security
were five cases (low), which included two cases of alley cropping, two cases of home garden
and one case of farm agroforestry with mixed agroforestry. Only two cases had a medium
contribution to food security.

The other characteristic of subsistence agroforestry is the variation in food crops. While
the other studies had fewer direct links to food availability, some contained elements of
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relevance to food access. The peer-reviewed studies showed that there were two cases of
subsistence alley cropping of food crops (chili, rice, maize, peanut, cassava, and medicinal
plants) among woody stands [61,62]. The tree species that made up this system were also
relatively diverse, such as teak, Azadiractha indica, Leucaena glauca, Swietenia macrophylla,
Albizia falcataria and Dalbergia latifolia. In the mixed cropping pattern (five cases), most were
a combination of timber and fruit trees, annual food crops, mpon-mpon (medicinal plants)
and fodder. This mixed cropping pattern was usually applied to fields and private forests
owned by smallholders. The diversity of plant species in the mixed cropping pattern was
relatively high, making it more multifunctional in its ability to meet various needs and
positive adaptation to climate change. Home garden agroforestry featured food-oriented
commodities for direct domestic consumption, such as chili peppers, tomatoes, spinach,
long beans, and fruits and decorative and medicinal plants (two cases) [68,69].

3.2. Semi-Commercial Smallholder Agroforestry Practices

‘Semi-commercial’ is a transition from subsistence to commercial: the business may
still be a mix of crops for subsistence and commodities for local-scale commercial sale. Our
results show that applied agroforestry typically involves several crops, and each plays
a subsistence and commercial function. Thus, the combination of crops produces multi-
function agroforestry (semi-commercial). Table 2 features examples of semi-commercial
agroforestry, including a combination of subsistence and commercial integration in mixed
cropping in Lampung [70], cacao and coffee agroforestry in Central Sulawesi [71], rubber
and fruit agroforestry in Jambi [72], fallow agroforestry system in East Kalimantan [73],
coffee agroforestry in Lampung [74] and South Kalimantan [75], private forest agroforestry
in Bogor, West Java [76], huma traditional agroforestry in West Java [77], tembawang tradi-
tional agroforestry in West Kalimantan [78], mixed garden in South Sumatra [79], mamar
traditional agroforestry in West Timor [80], intercropping of agarwood in Flores [81], home
garden agroforestry in South Sulawesi [54], dusung traditional agroforestry in Maluku [55],
home garden with trigona [82] and mixed planting in West Nusa Tenggara [58], shifting
cultivation garden [46] and yard agroforestry in West Papua [83] and mixed garden in
Bali [84]. Nineteen agroforestry units are included in NTFP-focused agrisilviculture and
only one is timber-focused agrisilviculture.

Agroforestry business contributes to food security in medium prospects (three cases),
both a high contribution to food security (one case) and a low contribution (one case), and
contributes to household income that can be used to buy staple foods (14 cases). MPTs and
food crops in agroforestry play an important role in daily food availability for rural com-
munities, although most only contribute to medium levels of food security. This is because
agroforestry is only a side job for some rural communities. Semi-commercial agroforestry
can be in the form of commodity crops and forestry plants (timber and NTFPs), including
coffee, cocoa, candlenut, coconut, and rubber [51]. A semi-commercial type of business
features various commodities that have subsistence and commercial functions. This is a
form of balance between the interests of protecting biodiversity and commercialization,
which, nevertheless, tends to reduce biodiversity.
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3.3. Commercial Smallholder Agroforestry Practices

Commercial agroforestry tends to be in the form of simple agroforestry with two or
three combinations of plant species, one of which is a main commodity that is developed
more intensively. Based on the reference (Table 3), our results show that this form of
applied agroforestry features a few commodities, and each commodity plays a commercial
function. Although this system is often a combination of commodities, it is typically only
focused on two or three species for commercialization. So, the diversity of commercial
agroforestry is significantly less compared to semi-commercial or subsistence agroforestry.
This system cannot contribute directly to domestic needs (food) but obtains income, which
increases consumption power to buy food. Commercial agroforestry will increase income
but lower biodiversity. As an example, commercial vegetable agroforestry was found
in home garden agroforestry systems in upstream West Java [90], dragon blood fruit
agroforestry in South Sumatra [91], repong damar agroforestry in Lampung [92], oil-palm
agroforestry in Jambi [93] and cardamom agroforestry in private forest in Central Java [94].
These cases were dominated by NTFP-focused agrisilviculture, with only one case of timber-
focused agrisilviculture. All of them aimed at earning income and indirectly contributing
to the fulfillment of domestic food needs of small holders. The income could be used
for purchasing staple foods and meeting daily needs. Because the contribution of the
commercial type of agroforestry is to obtain income, the possibility of contributing to food
security, although not directly, is relatively high.

Table 3. Commercial business and food security of smallholder agroforestry practices in Indonesia.

No. Type of Agroforestry Agroforestry Commodity Food Security
Business
Prospect

Source

1 ‘Tradition to commerce’ home
garden agroforestry

MPTs, high-value commodity crops
(onion, carrot, and cabbage) (*) I C Upstream, West

Java [90]

2 Jernang (dragon blood, Daemonorps
draco) fruit agroforestry

Dragon blood (as the main species)
and rattan (*) I C Jambi and South

Sumatra [91]

3 Shorea javanica agroforestry gardens
(repong damar)

Shorea javanica (as the main species),
other high-value commodity crops,
food crops, or MPTs (*)

I C West Lampung,
Lampung [92]

4 Oil-palm agroforestry Oil palm and rubber trees (*) I C Jambi [93]

5 Private forest agroforestry Falcataria moluccana and
cardamom (**)

I
(NPV: IDR 33,599,884–IDR

112,039,098; IRR 13–35%; BCR
1.58–2.32 and revenue IDR

5,672,957–IDR 18,916,524/year

C Central Java [94]

Note: * NTFP-focused agrisilviculture; ** Timber-focused agrisilviculture; C (commercial); I (income).

4. Discussion

Agroforestry in Indonesia is complex, as can be seen in the development of agroforestry
as a form of community thought in the Indonesian archipelago. It shows the perseverance
of agrarian communities in cultivating land that eventually becomes a distinctive hereditary
culture in certain niches, thus creating diverse forms of agroforestry in Indonesia. Cultural
background, preferences, and needs determine the peculiarities of agroforestry in each
area. The influence of the surrounding environment and the information will also affect a
person’s decisions [95], including smallholders’ decisions to plant species commodities on
their land.

Agroforestry systems increased food production and improved environmental condi-
tions, depending on the land management practices and tree management [96]. Silvicultural
practices, such as planting, assisted migration, thinning, or natural regeneration, can cost-
efficiently help reduce the impact of climate change on forest structure, composition, and
function [97]. Smallholders with agroforestry systems are often aware of functionality in
broad contexts, including different product uses, different tree characteristics (e.g., differ-
ences in phenology), or risk management options. For example, smallholders manage
different species for different purposes, contributing to their livelihoods, addressing com-
petition between species, and assisting ecosystem processes [98]. The changing of a natural
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ecosystem to agroforestry practices and other uses has implications for livelihoods and
ecosystem services [16,99].

Benefits from the impact of tree cover on climate at local, regional, and continental
scales require broader acknowledgment [12]. Agroforestry provides smallholders resiliency
to dryland conditions and climate change for accessing food, income, health, and ecosystem
or environmental stability [29,53].

4.1. Food Security and Agroforestry Systems in Indonesia

The Indonesian smallholder has been developing agroforestry community forests as
a source of food, NTFPs and timber since ancient times, demonstrating that community
forests can be managed to meet the food needs of smallholders and contribute to national
food security. As an illustration, community forests have been shown to contribute 61.34%
of the daily food needs of communities, which were produced from 23 types of food
crops [100]. In addition, agroforestry practices in community forests have been shown
to produce 46.01% of food commodities, consisting of 12 types of food, for example,
sugar palm (Arenga pinnata), cocoa (Theobroma cacao) and mango (Mangifera indica) [101].
Agroforestry practices in community forests in Lampung contributed to farmers’ income
by 53% and were sufficient for household food security [102]. However, communities
with limited landholdings and a homogeneous local culture with traditional rice farming
systems produce seasonal employment opportunities, reducing the risk of long-term tree
cultivation with limited resources [19,96,103].

Complex agroforests with various commodity crops are the foundation of many
businesses, which can be categorized as ‘subsistence’ for certain products and ‘commercial’
for others. Hence, it is not easy to determine whether an agroforest falls into ‘subsistence’
or ‘commercial’ prospects. For instance, agroforestry systems range from traditional to
commercial in Bandung, West Java [90], rubber and fruit tree agroforestry in Jambi [72],
fallow agroforestry (oil palm, rubber, rattan, and fruits) in East Kalimantan [104], and
mixed garden (coffee and fruits) in South Kalimantan [75]. These four agroforests are forms
of NTFP-focused agrisilviculture, which contribute to income and indirectly contribute to
family food security. There is a mixed garden of coffee and fruit trees in South Kalimantan
where fruits are consumed by the family, even though they are on a subsistence scale, and
coffee is a commercial product. However, coffee agroforestry in Sumatra contributed 54%
of household income compared to 12.5% from traditional agricultural components [74],
and damar agroforestry contributed up to 51% of household income [92]. Smallholders’
involvement in coffee agroforestry for the rehabilitation of degraded land resulted in greater
social stability with an increase in incomes and greater access to agricultural land [34].
Several studies also highlighted a ‘risk reduction’ (specifically concerning lack of food
from crop failure and income volatility) as an outcome of greater diversification through
agroforestry [105–107].

The business feasibility of agroforestry is illustrated in the net present value (NPV),
internal rate of return (IRR), and benefit/cost ratio (BCR) in some cases globally. The cases
of agroforestry in Indonesia indicate that agroforestry is worthy of being cultivated as
a business that achieves profits for smallholders. Income has been derived from timber
species or high-value commodity crops such as coffee, cacao, cloves, and candlenuts.
However, the commercial value of timber species and high-value commodity crops in
agroforestry systems could decrease the availability or diversity of food crops. Smallholders
could only cultivate food crops (corn, upland rice, peanut, banana, cassava, etc.) in the
initial three years before the canopy of timber species or high-value crops closed [108].

Subsistence, semi-commercial, and commercial categories cannot always be a firm
predictor of the prospect of income and welfare for landowners. Many factors make
landowners choose this or that model of agroforestry. These factors include (1) the land
area, which affects the prospect of land productivity; (2) the need for crops and the financial
situation of the landowner; (3) the type and quality of commodities that can be cultivated;
and (4) market conditions (which are often influenced by access and transportation, which
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ultimately affect the demand and selling price of a commodity). The ability of the land to
produce economic value can also be different in each area, depending on the tenacity of
the cultivator, property security, type of commodity, smallholder’s capital ability, market
access, crop quality, and seasonal suitability. All of the above factors are intertwined and
shape the pattern of agroforestry in Indonesia today. For example, the results of research
in East Priangan [109] show that owing to lost demand during the peak of the COVID-19
pandemic, agroforestry products, which were originally for semi-commercial purposes,
became full subsistence, with many crops not absorbed by the market because of poor road
access, which further dropped commodity prices.

Several agroforestry practices were described as ‘living savings accounts’ by others,
and they primarily became a significant source of revenue [90,110]. Agroforestry was a
method to increase food production from the forest and a new source of income for small-
holders, with increases ranging from 41.32–68.67% of total income [111,112]. Nonetheless,
about 60.97% of smallholders in Lampung were classified as ‘poor’ [112]. This demonstrates
that agroforestry, in this case, is a small business that can only fulfill basic livelihood needs
by either using agroforestry products for domestic consumption or sale. Although the
latter indirectly contributes to food production (particularly in commercial agroforestry),
the income may also play a role in increasing the system’s stability and resilience. Depen-
dency on rice as a staple food will be reduced by diversifying agricultural commodities for
subsistence prospects of semi-commercial systems.

On the other hand, the commercialization of agroforestry in rubber, coffee, cacao,
and vegetables in uplands and palm-oil commodities elsewhere decreases plant diversity
and smallholders’ preference to grow food, mostly in semi-commercial and subsistence
prospects [113]. This occurred, for example, in the Upper Citarum Watershed, West Java,
where commercialization of short-term perennials with high international demand (e.g.,
cacao, coffee, and pepper) reduced the planting area for other fruit trees and food crops.
In the same case, the commercialization of vegetables decreased the diversity of agro-
forestry [90]. Further, owing to a 20% decline in species diversity caused by the transition
from subsistence to commercial agroforestry, some ecological and sociocultural functions
were dramatically reduced [90]. Whereas commercial home gardens throughout the region
directly increased food availability and utilization through income generation, the outputs
were recognized as less diverse than traditional home gardens [29]. In Java, agroforestry
practices in smallholder systems reduced access to food subsistence, and negative ecological
effects could be reduced by planting fruit trees [68]. The commercialization of agroforestry
tends to apply simple agroforestry (a mix of perennial and annual crops) with one tree
species and one-to-a-few annual crops, which are ecologically not as good as complex
agroforestry (a complex vegetation structure that looks like a forest) [59].

4.2. Food Security and Water Conservation in Agroforestry

In Indonesia, agroforestry has been applied predominantly to dry or marginal land
in yards, fields, private forests, buffer lands of forest areas, and community forests. These
lands are usually without irrigation, so they are very efficient in using water and relatively
resistant to climate change. Although the increase in water productivity due to the micro-
climatic modification by tree crops tends to be limited [20,114], the existence of forests and
trees as an agroforestry system plays a role in soil and water conservation and water use
efficiency. Although the greater productivity of agroforestry is mainly due to the higher
amount of water used [20,114], an agroforestry system is more resilient in the face of climate
change and various drought and flood disasters [21,99,115–117]. The water function of
natural forests with high biodiversity is impossible to reproduce if changed to oil-palm
monoculture with shallow roots [118]. This can be anticipated by planting fruit or nut
trees (such as stinky bean and jackfruit) using an agroforestry system, which promotes the
development of multifunctional landscapes to conserve or increase the quality of catchment
areas [17,119].
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Agroforestry increases water productivity in two ways: (1) tree transpiration and
(2) the resulting tree biomass [120]. Trees can link local to regional and global water cycles
through modification of infiltration, water use, hydraulic redistribution of groundwater,
and their role in rainfall recycling. Agroforestry contributes to improving ecosystem
services for water, including transmission, buffering peak flows, increased infiltration,
water quality, slope and riparian stability, reduced erosion, modified microclimate, coastal
protection, and rainfall triggering [17]. Trees also affect a soil’s ability to capture, store,
and release water. The presence of litter (organic matter) assists soil in retaining water
and improving soil structure and porosity [121]. In areas with limited water resources, the
presence of trees as shade for coffee agroforestry systems can protect agricultural crops by
reducing soil evaporation and coffee transpiration. Shade trees affect the microclimate (light,
temperature, water saturation, vapor pressure deficit) and radiant energy in a system [122].
Tree canopy cover, understorey vegetation, and litter necromass are strong indicators of
watershed health in terms of low run-off and high soil infiltration [11].

An illustration of quality enhancement in an agroforestry system is the shifting of ca-
cao monoculture to cacao agroforestry, which increased the soil organic carbon by 1 g kg−1

(0.1%) and soil water capacity by 6% [123]. The application of agroforestry affected wa-
tershed quality indicators, such as controlling 97% of erosion, increasing 100% of water
retention, and CN (curve number) below 80 [124]. In an upstream watershed, >55% of tree
canopy cover was associated with infiltration rates, while in the midstream, >80% of tree
canopy cover was qualified as an ‘infiltration-friendly’ land use [11,124]. In another exam-
ple, in Palu Watershed, Central Sulawesi, various agroforestry patterns (alley cropping,
alternate rows, random mixture, and trees along borders) resulted in low erosion rates:
5.17 g ha−1; 4.93 g ha−1; 0.78 g ha−1; and 0.47 g ha−1, respectively [125]. Additionally,
agroforestry in mangrove forests with a silvofishery pattern enhanced water quality owing
to the removal of nutritional pollutants (absorb nitrate, ammonia, and nitrite), oxygen level
and pH improvement, and nitrate fixation, as well as shrimp culture production improve-
ment [126–128]. In addition, agroforestry considerably improves smallholders’ access to
food in the face of potential severe famine crises triggered by climate change [129,130]. It
also boosts livelihood resilience by reducing the reliance on remote product markets [68].
Smallholder agroforestry, practiced in a home garden, tegalan/dry land, or community
forest, needs to be preserved as a form of natural ecosystem service for the adaptation and
mitigation of climate change by providing biodiversity and soil and water conservation for
the sustainability of future results [19,103].

4.3. Food Security and Biodiversity of Smallholder Agroforestry in Climate Change

Food security is one of the various ecosystem services that can be provided by agroe-
cosystems (Figure 4). If an agroforestry area is focused on obtaining financial profit, then
the form of agroforestry only tends to become more monocultural and will lose its mul-
tifunctionality [131]. In the era of climate change, the more biodiverse the agroforestry,
the higher the carbon absorption and productivity, benefitting the livelihoods of rural
communities and protecting nature [103,132]. In contrast to conventional agriculture, this
smallholder agroforestry practice is clearly a form of smallholder resilience in obtaining
food and livelihoods in the modern era, which positively affects the environment. There-
fore, the practice of diverse trees in agroforestry needs to be maintained in order to provide
ecosystem services and increase production for climate change adaptation and mitigation.
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Figure 4. Three ecosystem services from agroforestry systems, adapted from Palacios and Bokelmann,
2017 [133].

There are two issues related to biodiversity in the implementation of agroforestry.
First, the biodiversity constituents of agroforestry land: to ensure that agroforestry land has
a variety of functions—provisioning, regulating, and cultural ecosystem services [95]—the
biodiversity of species will contribute positively [134]. Biodiversity will help to reach
ecological equilibrium at the household farm prospect, combat climate change, achieve
food security, and expand market opportunities for communities [135–138]. In addition,
Garí [139] concludes that for indigenous people, the preservation of biodiversity is crucial
for ecological resilience, health care, and food security.

Second, the diversity of animal biodiversity: agroforestry is very likely to provide habi-
tat but will not be able to replace the role of natural forests. Compared to old-growth forests,
agroforests supported around 23% fewer species and 47% fewer endemic species [140]. It
should also be noted that even in natural forests in Indonesia, wildlife is extremely difficult
to find owing to poaching [141], especially on agroforestry land with easier access and
where protection of animal biodiversity is not the core business of agroforestry farmers.
There have been many studies that explain that wildlife and human conflicts often oc-
cur owing to the destruction of habitats whereby wildlife food security is affected by the
establishment of agricultural (including agroforestry) businesses [107,142–146]. Forestry
practices that frequently result in habitat homogenization, habitat heterogeneity, and forest
biodiversity reduction are tightly related [147]. Ecosystems subjected to intensive manage-
ment experience a decline in biodiversity as well as services, and forests that are subjected
to intensive management show significantly reduced multifunctionality, which recovers
more slowly the longer the practice is continued [148]. In general, expecting agroforestry
land to be able to provide maximum environmental benefits and building intact forest–
agroforestry gardens seem to be the best approaches, even though these require larger areas
of land so that there may still be high prospects of both commercial value and food security.
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Tree biodiversity resulting from agroforestry practices is a form of adaptation and
mitigation of climate change. Climate change will affect the economic and environmental
productivity of agroforestry practices. The higher the biodiversity, the higher the agro-
forestry productivity in the climate change era [51,138]. Increasing human populations
will further increase anthropogenic activities that affect climate change [52,149]. Conven-
tional agriculture’s approach to increasing food production has been proven to have a
negative impact on the environment, while agroforestry has been proven to be good from
an environmental perspective (water and soil conservation, climate change adaptation,
and biodiversity enhancement) [20,150]. Agroforestry businesses have built rural liveli-
hoods that have contributed to food security, biodiversity, and environmental services to
realize sustainable development [21]. Indirectly, agroforestry practices are related to the
protection of rural ecosystems in providing income and food for the community in climate
change conditions.

The ambition to strengthen food security in Indonesia is still great owing to the
vast land resources. The Global Forest Watch summarized research results from Potapov
et al. [151] and concluded that 24.1 million hectares of Indonesian forests were ‘disturbed’.
These degraded forests require reforestation, which can be an opportunity for society,
biodiversity, and the climate to win [103]. Smallholders and biodiversity will both benefit
from the restoration of degraded land [140]. The most recent project for reforestation
is through the social forestry program, which covers 12.7 million hectares [152] and in
which agroforestry has become the major activity. Having successful social forestry and
reforestation programs will certainly help to improve food security in Indonesia.

Until recently, agroforestry in Indonesia has been challenged to achieve sustainability,
and its adoption of characteristics of success at a broader scale is required [153]. There are
technical, financial, market, and social constraints to agroforestry development, especially
for smallholders [154]. This sector requires policy support from the government [155],
indicated by currently unfavorable inter-sectoral policies, viz. legal frameworks and
coordination between different government mandates, such as agriculture, forestry, rural
development, environment, and trade [116]. In rural development planning, agroforestry is
a strategically advantageous land use if the inherent complexities are considered in policy
measures [156]. Successful agroforestry systems are characterized by well-functioning
institutions, management, capacity building, and infrastructure [45].

5. Conclusions

Agroforestry in Indonesia is a crucial form of land utilization. The practice of agro-
forestry, particularly among small landholders, demonstrates adaptability to land condi-
tions, household needs, and market opportunities, resulting in a diversity of agroforestry
implementations. Most smallholders use agroforestry systems to earn income from product
sales, timber as ‘savings accounts’, and food for daily consumption. Some smallholders do
not produce food for domestic consumption from their agroforestry practices; however,
they generate income from selling products that increase their purchasing power for food
needs (57% of peer-reviewed case studies). Two studies show that agroforestry can con-
tribute to smallholder’s food needs by 46% to 61% and three studies state that agroforestry
contributes to small farmers’ income by 51–54%. The contribution of agroforestry to the
income of smallholders is greater than that of traditional agriculture.

Furthermore, agroforestry contributes to SDGs through climate change mitigation
(SDG 13) since unsuitable agricultural land can still substantially contribute to food provi-
sion (SDGs 2 and 15). Traditional subsistence agroforestry practices show high diversity in
producing food, medicine, NTFPs, and timber (27% of peer-reviewed case studies). The
commercialization of agroforestry with the intensification of several high-value plant com-
modities (oil palm, cardamom, vegetables, and dragon fruit) has reduced the environmental
services produced in climate change adaptation and mitigation (15% of peer-reviewed case
studies). The limited land availability for small landholders poses a constraint to meeting
their food and income.
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Nevertheless, the role of agroforestry remains highly significant, especially in the
context of semi-commercial agroforestry, as it provides irreplaceable social security for
small landholders in Indonesia. Semi-commercial agroforestry with a mixture of trees—
commercial and subsistence species—has higher diversity, a form of ‘local wisdom’ in
maintaining community forest sustainability and contributing to family income and food
needs. Smallholder agroforestry practices in Indonesia are shifting from traditional sub-
sistence agroforestry to semi-commercial agroforestry. It is necessary to promote complex
semi-commercial agroforestry to maintain productivity in times of climate change with
compensation or incentives for smallholders. Agroforestry practices can maintain land-
scape ecosystems with soil and water conservation and biodiversity to continue sustainably
producing food and income for rural communities in an era of climate change. Therefore, it
is not surprising that agroforestry practices are at the core of various forestry programs,
including peatland, mangrove, critical land rehabilitation, and social forestry. Agroforestry
plays a key role in environmental improvement efforts while delivering direct and indirect
economic benefits to communities. This study confirms these findings. The weakness of
this review is the limited quantification of agroforestry ecosystem services and the direct
link between agroforestry and food security, so further research is needed. It is neces-
sary to measure food production and livelihoods from the agroforestry sector outside the
conventional agricultural sector by the Central Bureau of Statistics.
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