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Abstract: The agri-food and forestry sectors are in transition towards more sustainable, green, and
innovative systems tackling several challenges posed by globalization, governance, and consumers’
demands. This transition to novel processes, markets, and businesses requires skills and competences
to prepare the new generations and upskill the actual workforce. The purpose of this paper was to
assess the skills and knowledge needs of future professionals in the agri-food and forestry sectors,
from European stakeholders’ perspectives, by using a European questionnaire. Overall, respondents
highlighted the importance of improving sustainability and soft and digital skills. In particular,
food safety management and control; quality management and assurance of processes and product;
efficient use of resources and organization; and planning, visioning, and strategic thinking skills
ranked higher. In almost all countries, respondents had the perception that neither formal nor
non-formal training covered training needs, though formal training was more suited to address
education requirements. Both for organizations and individuals, it is far more relevant to have skills
to perform than to have training recognition. The outcomes also provide findings that can be used to
help develop updated curricula that meet the sector’s needs.

Keywords: skills survey; skills training; sustainability; bioeconomy; agri-food sector; forestry sector

1. Introduction

The European agri-food and forestry sectors are facing diverse challenges due to the
impacts of climate change, war, rising energy prices, and economic uncertainty along with
low incremental crop productivity [1–3]. Such vulnerabilities are stressed by an increasing
demand for food and feed, rising environmental concerns, and climatic changes that gener-
ate more uncertainties [4]. The Farm-to-Fork strategy [5], a key element of the European
Green Deal [6], aims to achieve an innovative and sustainable food system, targeting im-
provements in the whole food chain from production and processing to consumption and
food waste management. In the sectors of agriculture, forestry, and bioeconomy, focus is on
mitigating the effects of climate change to reduce the loss of biodiversity and shifting to a
neutral or even positive environmental impact [7]. Furthermore, the bioeconomy, boosted
by the European Green Deal, is now becoming a substantial element for development and
growth in Europe. The bioeconomy concept harnesses both the valorization of natural
resources and human manpower in a sustainable way [8]. The transition to long-term
sustainable farming and food systems entails complex processes that require a structured
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approach, including reshaping education methods [9]. Dedicated bioeconomy training
must be driven by these emerging needs to prepare the workforce with new skills. Besides
being widespread in everyday life, digital tools and smart technology have been rapidly
evolving in all processes across agri-food and forestry sectors, clearly shifting production
with automation processes, communication, and new business management to a new level
of complexity, innovation, and efficiency [10]. New products, greener processes, and com-
plex food chains and business models demand new skills and knowledge to successfully
thrive in a competitive sector [11]. Market globalization requires linking the various actors
of the value chain by making use of the new circular economy model and successfully
tackling many of the current challenges [12].

The evolution in different economic sectors and markets leads the search and discus-
sion to define adequate and matching skills [13]. In 2015–2016, the European Commission
launched a survey entitled “European Digital Skills Survey” to identify, among other top-
ics, the digital skills required by employers in the workplace [14]. Several studies and
reports have addressed the main skills and competences required to drive the agri-food
and forestry sectors towards a more sustainable path. In the farming sector, research
identified skills to engage professionals in more sustainable agriculture [11,15]. In the food
sector, the transition to the highly digital and technological processes of Food Industry
4.0 is happening, and insights about the skills and new professions needed were assessed
by academics and industry [10,16]. Surveys conducted in the forestry sector assessed if
knowledge and skills needed for contemporary forestry careers are being provided by
degree programs [17,18]. Paralleled in the labor market is the digitalization of the economy
as a major transformation of how people work, representing challenges and opportunities
in all production sectors. Complementary to the identification of skills gaps is the need
for further engagement between education institutions and industry to design and deliver
adequate training programs and to foster the development of these sectors [19,20].

The ERASMUS + “FIELDS” project (acronym for: addressing the current and future
skill needs for sustainability, digitalization, and the bioeconomy in agriculture: European
skills agenda and strategy) has been designed to identify the gaps and define the needs
of knowledge and skills for the agri-food and forestry sectors addressing these above-
mentioned emerging challenges. The FIELDS project aims to develop an integrated view
of a sectoral strategy at the European level by considering four main areas of skill trends:
sustainability, digitalization, bioeconomy, and soft skills and entrepreneurship. Within the
scope of the FIELDS project, it was critical to have a broader understanding focused on
stakeholders’ views on knowledge and competences needed in the future. The survey is
part of more comprehensive empirical research on skills needs including other activities
such as focus groups [21] and trends and scenario analyses [22].

As a first step, nine focus groups were undertaken in different European countries to
identify skills and training needs in the agri-food and forestry sectors. The outcomes of the
focus groups [21] were used to design an online survey as follow-up research.

This study describes the results of the online survey, implemented as a broader ex-
ploratory tool to collect information about skills and training needs, as well as business and
entrepreneurship trends, for the future of the agri-food and forestry sectors. The survey
aimed to engage stakeholders from different areas of operation and to gain information
on their understanding regarding skills needs and gaps in each sector. It also aimed to
provide insight into the range of perceived future skills and training needs. The information
provided by the survey may be used to help develop fit-for-purpose training courses for the
areas of sustainability, digitalization, and bioeconomy. A coordinated strategy is needed
to empower the workforce with new professional skills necessary to cope with emerging
challenges and technologies of the agri-food and forestry sectors.

Due to the exploratory nature of this survey, the results are described and discussed
in tandem and are herein organized by the following sections: the respondents’ demo-
graphic characterization and their working context; skills needed by addressed areas
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(sustainability, bioeconomy—sector-specific skills, digitalization, soft skills, and business–
entrepreneurship); perception of training availability by country; and business insights.

2. Materials and Methods
2.1. Description of Survey

Both current and future skills needs were first identified in previously performed
FIELDS focus group sessions [21]. In these focus groups, participants were asked to select
the 10 most important overall skills from skill lists that covered the topics of sustainability,
digitalization, bioeconomy, soft skills, and business–entrepreneurship skills [21]. The five
most-selected skills per category in this ranking exercise were included in the survey
questionnaire. The web-based survey was developed and designed in English using the
online SurveyMonkey® tool, which allowed the survey to be translated into nine different
languages: Dutch, English, Finnish, French, German, Greek, Italian, Portuguese, Slovenian,
and Spanish. It gave an overall introduction to the participants and allowed for both full
and partial completion of the questions with an opt-out break built into the survey before
the business trends section. In the introduction, participants were informed about the total
confidentiality of the information provided to only be used in an aggregate manner for the
purpose of identifying underlying trends and demands across European member states, in
full compliance with the General Data Protection Regulation (EU) 2016/679. The survey
comprised 10 sections with 31 questions (Appendix A) and was estimated to take no more
than 15 min to complete. The questions with more relevant insights were selected to be
analyzed and presented for discussion. Therefore, the survey sections were grouped as
follows:

(1) Demographic profiles of participants, with particular focus on the country of work,
gender, age, and organizational insights, including the working sectors and the size
of their organizations.

(2) Current skill needs in the categories of sustainability, digitalization, bioeconomy—
sector-specific (agriculture, forestry, and food industry), and soft and
business–entrepreneurship skills. Questions about future skills needs in a 5–10 year
range were also asked.

(3) Countries’ particular training needs and the importance of training recognition.
(4) Business insights, including questions about business trends and challenges, current

business models, and business strategy skills and tools. This final section was optional
to complete.

2.2. Dissemination Campaign

The aim was to have input from stakeholders working in the agri-food sector, includ-
ing the views of industry (workers, managers, cooperatives), academics, and policy entities.
The core platform for dissemination was via direct email contacts with industry stakehold-
ers through project partners’ email contacts, as well as through the project website and
social media (Facebook®, Twitter®, and LinkedIn®) and other accounts owned by project
partners, using the snowball sampling technique [23]. The survey was shared among all
31 FIELDS partner organizations across 12 participating countries and was also dissemi-
nated in partner organizations’ newsletters (ISEKI newsletter Dec 2020) and through other
Erasmus+ and EU project contacts. The slogan “have your say in the future skills needs
of the agri-food and forestry Sectors” was used to engage stakeholders. Dissemination
was also done via direct (partner) newsletters as well as through their webpages. Other
Erasmus+ and EU projects also disseminated the survey via their own platforms and social
media channels. Several direct contact email reminders were sent out via the project part-
ners and particular attention was given to countries where it was determined there were
insufficient responses captured. The survey was available online between 1 December 2020
and 22 January 2021.
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2.3. Data Analysis

The survey collected 517 answers; however, 123 were excluded because they only
provided data on demographic questions. As a result, the considered sample size had
394 participants. Answers were exported from the SurveyMonkey® website to an Excel file
for further analysis. The survey was set up with general and sector-specific questions and
participants could select which questions to answer. This option led to a varying number
of answers by question, which is specified in each presented figure or table. Before data
analysis, the survey sections were reorganized for better clarity in the results presentation,
and some less relevant sections are not discussed in this work. Graphical representation
in the results section clustered respondents who answered categories “Very important”
and “Absolutely essential” as “Very important,” and categories “Not important at all” and
“Of little importance” as “Of little importance,” combining high- and low-scale scores.
This data treatment was made for the sake of simplicity in the outcomes’ presentation.
The categories “Multiple sectors” and “Multiarea” grouped all respondents working in
more than one sector or area of activity. The category “Other” within sectors comprised
policy operators, educators, researchers, and service providers. In the area of operation, the
category “Other” included researchers, associations, public representatives, and service
providers. In the demographic profile analysis, the age categories were reduced from eight
to six (<20 years; 20–29; 30–39; 40–49; 50–59; over 60). The results of the open question about
skills needed in the future in 5 to 10 years were counted and we considered the number
of answers by category. Regarding training needs by country, data for analysis included
only countries with more than 15 answers. The section regarding business insights was
optional, with 91 participants who selected to continue the survey and complete this section.
The results from the open question “What do you see as the top three challenges facing
your business over the next 2–3 years?” were grouped under seven topics according to
the researchers’ assessment, namely: “sustainability & climate,” “bioeconomy & technical
issues,” “economic & investment & markets,” “digitalization,” “human resources,” “soft
skills,” and “training & specialization.” For this question, respondents (67) had the option
to identify three different challenges.

Descriptive analysis regarding skills’ importance was performed using cross-tabulations
to analyze frequencies and associations between skills and sectors of activity. For the ques-
tions related to sustainability, digitalization, soft skills, and business and entrepreneurship
skills, mean scores were calculated for the five-point Likert scale. The Kruskal–Wallis test,
a nonparametric approach, was used to compare groups, followed by Dunn’s post-hoc
test when statistical differences were found (Appendix B Table A1) [24]. Statistical sig-
nificance was tested at 0.05 probability level. Statistical tests were performed using IBM
SPSS®25 software.

3. Results and Discussion

The survey collected opinions and views of professionals and other stakeholders about
future skills needs in different sectors. A main goal was to reach a large audience among
sectors and countries, conveying a broader view of the path to follow in upcoming years.
The five surveyed and discussed skills in each category are the five most important skills
obtained from the focus groups study [21].

3.1. Demographics and Organizational Insights

The demographic profile of respondents participating in the survey is presented
in Table 1, totaling 394 responses. The survey gathered participants from 23 countries
within the European Union, and some from the European Economic Area (EEA) (Figure 1).
However, there were four countries (Spain, Italy, Ireland, and Austria) with higher inputs,
corresponding to 53% of total participants. The majority of respondents were between 40
and 60 years old and 59% were male; this gender difference was reflected in all sectors
except for the food industry, where more women contributed to the survey. The distribution
by sector of activity was quite uneven: half of respondents worked in the Agricultural sector,
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14% in the Food Industry, 10% worked in Multiple sectors (more than one considered sector
of activity), and 16% in Other sectors (such as operators, educators, researchers, or service
providers). The Bio-Based industries and the Forestry sectors were the least represented;
the small sample size counted only 3% and 5% of the total responses. By area of operation,
education providers and advisors were half of the respondents while the other half was
distributed as farmers (10%), cooperatives (8.4%), agri-food companies (7.4%), and foresters-
forest industries (1.5%). “Other” for area of operation included several professional areas,
such as social partners, regulators, policy makers, trade associations, other industry sectors,
researchers, and technicians. An overview of the size of organizations shows a fair balance
between all categories included in the questionnaire, although most of the answers can be
included in the range of small and medium enterprises. A large share of the respondents did
not include information on organization size. The majority of respondents who answered
represented micro-enterprises and SMEs while only 10% of participants were from large
companies. The differences observed regarding sector of activity in the demographic profile
will be further discussed in the results section.

Table 1. Description of socio-demographic characteristics of respondents in total and distributed by
sector of activity.

Total
Respondents Agriculture Bio-Based

Industries
Food

Industry Forestry Multiple
Sectors 1 Other 2

Number of
participants 394 (100%) 201 (51%) 11 (3%) 55 (14%) 21 (5%) 41 (10%) 65 (16%)

Age (years)

Less than 20 3 (1%) 2 0 2 0 2 0
20–29 39 (10%) 11 0 9 5 15 6
30–39 48 (12%) 12 18.2 22 14 5 8
40–49 122 (31%) 26 63.6 31 24 39 37
50–59 113 (29%) 27 18.2 27 43 27 34
over 60 66 (17%) 21 0 9 14 12 15
Gender

Female 154 (39%) 35 36 56 24 32 46
Male 231 (59%) 64 64 36 76 63 51
Prefer not to say 9 (2%) 0.5 0 7.3 0 5 3
Area of Operation

Advisor 45 (11.4%) 12 9 7 10 17 9
Education Provider 151 (38.3%) 32 55 36 57 22 60
Agri-Food
Companies 29 (7.4%) 4 9 31 0 7 0

Co-operatives 33 (8.4%) 11 9 5 10 10 2
Farmer 40 (10.2%) 17 0 0 0 15 0
Forest Industries and
Foresters 6 (1.5%) 0 0 0 24 2 0

Multiarea 3 30 (7.6%) 6 9 15 0 22 2
Other 4 60 (15.2%) 18 9 5 0 5 28
Organization size
(persons)

0–9 61 (15.5%) 21.9 9.1 7.3 9.5 19.5 3.1
10–49 50 (12.7%) 12.4 18.2 14.5 9.5 26.8 3.1
50–250 34 (8.6%) 10 0 12.7 4.8 9.8 3.1
250+ 39 (9.9%) 7.5 0 18.2 19 14.6 6.2
No answer 210 (53.3%) 48.3 72.7 47.3 57.1 29.3 84.6

Data represented in %, except for data in column “total respondents” and line “number of participants” where
data are presented as frequency and percentage. 1 Multiple sectors: grouped all respondents working in more
than one sector; 2 Other sectors: comprised policy operators, educators, researchers, and service providers;
3 Multiarea: grouped all respondents working in more than one area of operation; 4 Other areas of operation
included researchers, associations, public representatives, and service providers.
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3.2. Identified Current and Future Skills Needs
3.2.1. Sustainability Skills

A sustainable food system encompasses environmental, health, and social benefits,
as well as fairer economic gains [6]. Some studies address sustainability skills as the com-
petences to thrive in an evolving agri-food sector, such as coping with unexpected events
and adapting to new developments [25] or learning (critical thinking or communication)
and life skills (flexibility and leadership) [26]. Within this study, these were considered soft
skills and discussed in another section. In this study, sustainability skills were addressed
as “green skills” important in the awareness of sustainable production, the mitigation of
climate change, the reuse and recycling of resources and materials, and the use of renewable
energy sources [15]. In this survey, the importance of five sustainability skills identified as
relevant for the agri-food and forestry sectors previously in FIELDS focus groups [21] were
evaluated by respondents. The results of this question are shown in Figure 2. Though all
skills were important, “efficient use of resources and logistics,” “mitigation and adaptation
to climate change,” and “good agricultural practices” were found the most important
for respondents. “Efficient use of resources and logistics” was found to be important for
all sectors. Skills related to “mitigation and adaptation to climate change” were identi-
fied as statistically more important by Agricultural, Food, Multiple, Forestry, and Other
(Table A1) respondents’ sectors. “Good agricultural practices” were found significantly
more important for most of the respondents from the Agriculture, Other, and Multiple
sectors (Table A1). “Soil nutrient and health management” were significantly less impor-
tant to Food and Bio-Based industries (Table A1), and skills related to “by-products and
co-products valorization” were those with lower shares of respondents finding the skills
very important.

The agri-food industry clearly recognizes the importance of protecting and making
good use of natural resources and the impact of climate change in disrupting supplies and
processes as the main challenges to tackle towards a more sustainable future [27]. Agri-food
and forestry activities contribute to climate change, but at the same time are dependent
on natural resources and more vulnerable to its effects [12]. Previous studies suggest
that technological developments to mitigate climate change effects require trained skilled
workers [9]. Similar skills were previously identified in a sustainability transition context,
referring to the importance of agri-food workers having global awareness of climate change
impact, carbon emission reduction, water resources, and ecosystems management, but
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they should also have the skills to put in practice strategies related to renewable energies,
by-products valorization, and more efficient production [11,15]. As indicated, to achieve
the transition to sustainable production systems, it is required to train workers presently
displaying poor or moderate skills levels with new competences that enable them to
effectively promote sustainable agriculture through formal or life-long learning [28]. This
upskilling will pave the way to apply better and more efficient processes with reduced
impact on the environment and biodiversity.

Sustainability 2023, 15, x FOR PEER REVIEW 7 of 21 
 

 

 
Figure 2. Categorization of the five selected sustainability skills by importance. Values in the graph 
represent the percentage of answers for each skill. 

The agri-food industry clearly recognizes the importance of protecting and making 
good use of natural resources and the impact of climate change in disrupting supplies and 
processes as the main challenges to tackle towards a more sustainable future [27]. Agri-
food and forestry activities contribute to climate change, but at the same time are 
dependent on natural resources and more vulnerable to its effects [12]. Previous studies 
suggest that technological developments to mitigate climate change effects require trained 
skilled workers [9]. Similar skills were previously identified in a sustainability transition 
context, referring to the importance of agri-food workers having global awareness of 
climate change impact, carbon emission reduction, water resources, and ecosystems 
management, but they should also have the skills to put in practice strategies related to 
renewable energies, by-products valorization, and more efficient production [11,15]. As 
indicated, to achieve the transition to sustainable production systems, it is required to 
train workers presently displaying poor or moderate skills levels with new competences 
that enable them to effectively promote sustainable agriculture through formal or life-long 
learning [28]. This upskilling will pave the way to apply better and more efficient 
processes with reduced impact on the environment and biodiversity. 

3.2.2. Digitalization Skills 
Digital transformation occurs in everyday life and skills needed are applicable to all 

sectors. Information and communication technologies applied to agriculture have 
improved productivity, supply chains, strategic decisions, and control [29]. Digitalization 
is the main driver of Industry 4.0 development, comprising advanced technologies 
including automation of processes, use of robotics, and Internet of Things. These advances 
are now gaining momentum in the agri-food sector [30,31]. Big data is considered to be a 
key opportunity for the future development of agriculture since it increases the variety 
and velocity of data collection, enabling various tools and services to be implemented [32]. 
How to use and interpret the collected raw data is still a challenge. This concern is 
reflected in the high demand for skills related to “data handling and analysis” (Figure 3). 
The five selected skills from the FG outcomes were assessed in the survey questionnaire 
and results are presented in Figure 3. A high number of respondents also considered skills 
related to “everyday use of digital technology to communicate” particularly important. 
Likewise, a recent study on future skills required in the food industry for the transition to 
Industry 4.0 identified basic digital skills, data analysis, and use of complex digital 
communication skills as some of the essential skills in seven professional profiles of the 
food industry [10,33]. “Field operations management systems” and “farm management 
information systems (FMIS)” were also considered more important by the Agriculture 

19

15

10

11

7

72

78

84

85

90

e. By-products and co-products
valorisation

d. Soil Nutrient and Health
Management

c. Good Agricultural Practices

b. Mitigation and adaptation to
climate change

a. Efficient use of resources and
logistics

Of Little Importance Of Average Importance Very Important

Figure 2. Categorization of the five selected sustainability skills by importance. Values in the graph
represent the percentage of answers for each skill.

3.2.2. Digitalization Skills

Digital transformation occurs in everyday life and skills needed are applicable to
all sectors. Information and communication technologies applied to agriculture have
improved productivity, supply chains, strategic decisions, and control [29]. Digitalization is
the main driver of Industry 4.0 development, comprising advanced technologies including
automation of processes, use of robotics, and Internet of Things. These advances are
now gaining momentum in the agri-food sector [30,31]. Big data is considered to be a key
opportunity for the future development of agriculture since it increases the variety and
velocity of data collection, enabling various tools and services to be implemented [32]. How
to use and interpret the collected raw data is still a challenge. This concern is reflected in
the high demand for skills related to “data handling and analysis” (Figure 3). The five
selected skills from the FG outcomes were assessed in the survey questionnaire and results
are presented in Figure 3. A high number of respondents also considered skills related to
“everyday use of digital technology to communicate” particularly important. Likewise, a
recent study on future skills required in the food industry for the transition to Industry 4.0
identified basic digital skills, data analysis, and use of complex digital communication skills
as some of the essential skills in seven professional profiles of the food industry [10,33].
“Field operations management systems” and “farm management information systems
(FMIS)” were also considered more important by the Agriculture and Multiple Sector
respondents, as these are specific skills for agricultural practices (Table A1). These are
digital operational practices developed to reduce operational and production costs with
less environmental impact [34] and several obstacles related to their implementation have
been identified, including insufficient farmers with adequate skills [35]. The importance
of “e-commerce and e-marketing” scored lower for all sectors but still was found relevant
for the respondents. E-commerce in the agri-food sector is promising and may help direct
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sales, shortening supply chains; however, it is still a challenging process and dependent
on several factors, such as agricultural prices, logistics time, product quality, credibility,
spending habits, and profitability [36,37]. Furthermore, in the agri-food sector, non-digital
channels are preferably used, with this difference being even higher in rural areas [38].
It was highlighted that simple digital platforms are gaining position in communication,
marketing, and business relationships in the agriculture market, particularly after the
COVID-19 crisis [33], with digital technologies presenting several opportunities including
the potential to reduce trade and transaction costs [39]. The inclusion of e-commerce and
marketing skills in farmers’ training has been proposed [40] and may help to develop food
business, mainly in rural areas [36].
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Figure 3. Categorization of five selected digitalization skills by importance. Values represent the
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The literature referring to the transition to Industry 4.0 for food companies describes
diverse adoption patterns and technological demands [30,31], highlighting also that a
skilled workforce is needed to fully exploit this technological potential [16]. Despite the
numerous advantages of adopting innovative technologies in the agri-food and forestry
sectors, there are challenges and risks, such as associated costs and the existence of appro-
priate training to support digital transition [41]. A guide for the food industry to meet the
future skill requirements emerging from Industry 4.0 has recently been published [10]. The
five selected digital skills in this work were also identified by Akyazi and colleagues [10] as
very relevant to implementing the transition to a more digitalized food industry.

3.2.3. Bioeconomy—Sector-Specific Skills

In this survey, bioeconomy skills have been considered as those that are sector-specific
for agriculture (Figure 4), food industry (Figure 5), and forestry (Figure 6) activities [8].

Regarding agriculture skills (Figure 4), the results of the survey clearly showed the
importance of having a strategic and management vision to perform the activity. Skills re-
lated to “planning and coordinating production” and “calculating, handling and managing
risks” were considered very important for the Agriculture sector respondents. The imple-
mentation of organizational tools in small farms, as a case study, was observed to improve
productivity, product quality, and work environment [42]. “Performing farming operations”
is becoming increasingly related to automated systems that reduce time and production
costs and increase profitability [34]. Results showed that respondents found it more im-
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portant to develop skills related to planning and coordinating production together with
managing risks compared with those related to innovations in products and production,
such as shifting to organic or growing new crops and developing new bioproducts more
interesting from a bioeconomy point of view. In fact, using a management approach and
organizational tools with a focus on planning and monitoring were suggested to increase
profitability and contribute to a more agroecological and sustainable environment [27,42].
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Regarding forestry skills (Figure 5), “sustainable forest management practices and
planning,” together with “prevention and management of natural disturbances,” were con-
sidered the most important bioeconomy skills for the forestry sector and forest industries
respondents. “Reforestation, afforestation and the restoration of forest ecosystems” were
also indicated as very important. A recent online survey in the England and Wales forestry
sector identified a long list of future skills needs, headed by practical skills and agroforestry
and silvicultural knowledge. Other skills, such as “forest management and design” and
“carbon and climate resilience,” were also demanded, as well as more trained officers
on plant health and diseases [18]. Another survey administered to forestry employers
and students also highlighted the need for curricula improvement of land-management
skills and suggested the continuous improvement of training programs to face unprece-
dented environmental challenges from forest disease, wildfire, drought, and population
growth [17]. Different studies refer to the same skills needs as the ones here identified,
which demands an effort to improve workforce abilities in this sector considering the
current climate change scenario.

Regarding the food industry sector, skills related to “food security” and “ethics for
food” were those found most important. These topics and their relation were referred to
as one of the greatest dilemmas of our time [43]. How will nutritious food be available
and provided for all, in a sustainable and safe manner, considering also complex public
health problems, such as undernutrition, obesity, and micronutrient deficiencies [43]?
The influence of climate change in food production is also immediately related to food
systems and access to affordable, healthy food [44]. The challenges faced by food industry
stakeholders are vast and include animal welfare, transparency, social justice, healthy
food, and environmental issues, creating dilemmas when solutions are opposed [45]. Food
industry workers need to be empowered with knowledge and decision-making tools to
assist them in the ethical decision-making process [46].

“Quality management, quality assurance and quality control” and “food safety man-
agement, food hygiene and food safety controls” were also considered core skills in the
food sector. The food industry is highly regulated and very compliance-driven to assure
food quality for consumers. Food safety is a major concern in the sector, comprising sig-
nificant challenges such as longer food chains, novel ingredient sources, new processing
technologies, and higher consumer demands for fresh, low additive, and natural foods [46].
Scientific and technological advances that significantly impact food products and improve
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processes demand technical skills and knowledge to guarantee ingredients’ safe applica-
tion, processes control, and management along the food chain [47]. A European study
to assess skills development of food professionals described similar important training
activities more focused on current critical skills for the industry: product development,
food legislation and control, food safety management, food hygiene and food safety control,
quality management, quality assurance and quality control, and consumer and nutritional
sciences [48].

3.2.4. Soft Skills

Soft skills are a set of positive attributes and competencies that can improve produc-
tivity and enhance relationships and are critical for performance in the workplace [49].
Like digital skills, soft skills are transversal and necessary in all sectors of activity. In
general, respondents (between 89% and 91% depending on the skill) rated soft skills as very
important for their work (Figure 7). Interestingly, there were only minor differences among
sectors. The skills “being resilient, adaptable, and proactive” and “organization, planning,
visioning and strategic thinking” were significantly more important for the Multiple, Food,
Agriculture, and Other sectors. Creative and critical thinking, strategic planning, communi-
cation, networking, adaptability, and continuous learning are some of the skills identified
to promote a transition to sustainable agriculture production [11,28], food industry and
forestry sector development [10,16,50], and leadership in agriculture and natural resources
activities [51]. A survey administered to students and employers identified communicating
effectively and behaving professionally and ethically as the most important skills in forestry
education [17]. In the food industry, a skill needs survey administered to food science and
technology professionals and employers found that seven out of ten of the most required
skills were soft skills; both groups agreed that communication was the strongest non-food
skill [48]. In another survey for employers, the most significant skill gaps found were in
the areas of personal attributes and attitudes [52]. In the agriculture sector, communication
skills were among the required skills for young farmers [53], whereas communication, facil-
itating, and networking skill needs were found in agronomists’ workers [28]. A shift from
the traditional curricula centered on technical skills towards a curriculum equally balanced
between technical, personal, and soft skills has been suggested for the forestry [18,54,55],
food [10,48], and agriculture sectors [10,45]. The importance of soft skills in the workplace
has long been recognized, and although these competences are generally considered to be
acquired throughout life, several authors suggest that higher education institutions should
be more active in promoting soft skills training in agri-food and forestry students [28,56,57].

3.2.5. Business and Entrepreneurship Skills

The business and entrepreneurship skills selected for this survey were found very
important in general for the majority of respondents (Figure 8). The best qualifications
were obtained by skills related to having business and management skills to consolidate a
business and to find new business models or new value chains. The highest qualification
was the need for “collaboration and cooperation across all sectors of the food chain.” Com-
paring between activity sectors, higher importance scores were observed for all analyzed
sectors but were significantly less important for the Forestry sector (Table A1). Furthermore,
“interdisciplinary knowledge to assess the whole value chain” was highly evaluated by
participants mainly working in Multiple sectors, probably because these stakeholders have
a wider understanding across areas of activity for business growth, and significantly less
relevant for the Bio-Based industry respondents. Collaboration along the supply chain and
maintaining sustainable relations by fostering bonds were revealed to be key sources of
value creation [58]. Enterprises are perceiving the importance of collaborations in their core
activity and the advantages for their business competitiveness [59,60]. Skills that followed
were “business planning/model and strategic management,” scoring higher for all sectors,
and again significantly less important for the Bio-Based industry participants (Table A1).
Planning and management are found to be essential skills for business development. A
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study performed with small family farm businesses found that managers who focused on
extensive planning and controlling perceived their business as successful [61]. However,
developing and creating strategic plans was pointed out by others to be time-consuming but
also difficult due to market uncertainty [62]. Skills related to “new value chains/business
models” were generally regarded as important by all sectors. A well-defined business
development strategy, shaped by unique features of each firm, was considered very sig-
nificant to gain competitive advantage in both existing and new markets in the agri-food
sector in a Northern Ireland survey [19]. However, lack of management skills, mainly in
small firms, limits their innovative capability for growth [63]. These results are in line
with McElwee [64], who described networking, innovation, teamwork, leadership, and
business monitoring as very important skills in rural and farm entrepreneurship. Agri-food
and forestry entrepreneurs are often demanded to have the technical skills to create a
valuable product but also the competences to run a business. Therefore, a set of different
skills involved in entrepreneurship requires a combination of theory and practice [65].
In small business, each farmer’s characteristics and motivations are important drivers
in the influence of their entrepreneurial activity, creating diversity in farm management,
heterogeneity in value-creating strategies, and resiliency of farm systems [66]. As a general
remark, new agri-entrepreneurs were shown to have fewer resources and capabilities, and
in particular lower entrepreneurial skills and social capabilities, than entrepreneurs from
other activities [67].
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3.2.6. Skills Needs in the Near Future

The participants’ understandings of skills needs in the near future (5–10 years) are
represented in Figure 9. Sector-specific skills were less significant in the future from respon-
dents’ point of view because they were considered more sector-specific. Digitalization skills
were those found more important in the future, followed by sustainability skills, business–
entrepreneurship, and soft skills. In the literature, these skills are found very relevant in the
surveyed agriculture [11], food [16], and forestry [17] sectors. Lack of social competences
as soft skills may limit workers to technical positions rather than filling managerial and
leadership vacancies [55]. Advances in digitalization technologies are constant, meaning
a continuous demand for upskilling. Digital transformation is shaping all aspects of the
agri-food and forestry sectors, such as trade logistics, and distribution [39], smart farming
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and robotics production [31], marketing and communication, and contributing to achieving
the Sustainable Development Goal [41,68].
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Figure 9. Skill categories required in the future for agri-food and forestry professionals (next 5 to
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The challenge for present and future workers in the agri-food and forestry indus-
tries is to acquire an assorted set of competences including digital and technical skills,
communication and soft skills, and to efficiently manage decisions.
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3.3. Countries’ Training Needs and the Importance of Training Recognition

This study also intended to assess participants’ views regarding the suitability of
training systems, formal and non-formal, to cover existing training needs in each country
(Figure 10). A considerable number of respondents were unaware of currently available
training (including mostly non-formal but also about formal training) in their countries.
Still, respondents were more aware of the formal education provided. Generally, formal
training was considered more adequate to meet needs than non-formal, except for French
respondents. For Austria, Finland, France, Ireland, the Netherlands, and Portugal, re-
spondents clearly did not believe that the existing training systems, formal or non-formal,
covered the country’s needs. In contrast, in Spain, Slovenia, Greece, and Italy (only non-
formal), systems were considered to cover training needs, formal and non-formal, by more
than half of respondents. Respondents from Austria and Finland were more skeptical,
and more than 80% of respondents considered training needs not covered by formal or
non-formal training systems. Performing the analysis by sector of activity (Figure 11), par-
ticipants consistently considered formal training more suitable to covering training needs
compared with non-formal training. Furthermore, there is more uncertainty about existing
training for non-formal systems, except for Bio-Based industry respondents. Though agri-
cultural training varies largely throughout Europe, on average, only 8.5% of farmers have
received formal agricultural training, and 70% have only practical experience [69]. There-
fore, farmers’ training seems to be an unresolved matter and is essential for the acquisition
of skills in an ever-evolving sector [69]. Universities are viewed as essential to fostering the
development of agriculture by having the ability to develop efficient training based on the
latest research, to continuously evolve, and to provide education in different formats to
support lifelong learning [9]. Despite these efforts, universities and training centers seem
to face difficulties with providing needed education due to a lack of competent instructors
and effective curricula [70]. Education institutions need to overcome conventional knowl-
edge systems [71] and develop a new educational perspective by integrating formal and
informal knowledge, scientific with technical subjects [72], and a broader understanding of
challenges and opportunities in order to promote more sustainable agriculture [11].

When assessing the importance of training recognition and/or having the skills to
perform the task after training (Figure 12), consideration was given at both organization
and at trainee levels. Interestingly, organizations seemed to have more interest in both
assessed aspects (formal qualification and having the skills to perform the task) when
compared with the importance for the individual. This fact was observed across all studied
sectors. It is also clearly observed that it is more important for both organizations and
trainees to have the skill to perform the task than the recognition of training through formal
qualifications. In the agri-food sector, the skill to perform is linked to innovation, and
higher-skilled workers improve productivity by using innovative technologies at a faster
rate [19], which is important. Organizations invest in upskilling employees’ skills; however,
around 50% of this training is “on-the-job” and provided by the firms, and only 24% are
trained by a nationally recognized qualification [19].



Sustainability 2023, 15, 4115 15 of 22

Sustainability 2023, 15, x FOR PEER REVIEW 14 of 21 
 

 

provide education in different formats to support lifelong learning [9]. Despite these 
efforts, universities and training centers seem to face difficulties with providing needed 
education due to a lack of competent instructors and effective curricula [70]. Education 
institutions need to overcome conventional knowledge systems [71] and develop a new 
educational perspective by integrating formal and informal knowledge, scientific with 
technical subjects [72], and a broader understanding of challenges and opportunities in 
order to promote more sustainable agriculture [11]. 

 
Figure 10. Perception of the suitability of training systems (formal and non-formal) to cover existing 
training needs by country. Bars represent the percentage of answers for each country and training 
system. N is the sample size. 

 
Figure 11. Perception of the suitability of training systems (formal and non-formal) to cover existing 
training needs by sector. Values represent the percentage of answers for each sector and training 
system. N is the sample size by sector. 

0

20

40

60

80

100
N

on
 F

or
m

al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

N
on

 F
or

m
al

Fo
rm

al

Austria
n=38

Finland
n=25

France
n=17

Ireland
n=38

Netherland
n=15

Portugal
n=29

Italy
n=64

Greece
n=32

Slovenia
n=17

Spain
n=67

%
 o

f r
es

po
nd

en
ts

No answer + I don't know NO YES

0%

20%

40%

60%

80%

100%

Non
formal

Formal Non
formal

Formal Non
formal

Formal Non
formal

Formal Non
formal

Formal Non
formal

Formal

Agriculture
n=201

Food
n= 55

Forestry
n= 21

Bio-based
Industries

n=11

Multiple sector
n=41

Other
n=65

Yes No No answer + I don't know

Figure 10. Perception of the suitability of training systems (formal and non-formal) to cover existing
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Figure 12. Results of the question on the importance of “having the skills to perform a task” after a
training activity and the “recognition for a qualification” answered by trainees and organizations.
Number of respondents by question: a. 176, b. 253, c. 197, d. 309. Values represent the percentage of
answers for each question.

3.4. Business Trends

The questionnaire section related to business trends was optional and 91 participants
agreed to proceed. More than half of the respondents were from the Agriculture sector
(49), followed by Food, Other (both 13), and Multiple (12) sectors, and only some few
were from Forestry (3) and Bio-Based industries (1). Within the business strategy context,
consideration was given to the business operating models, the strategic business focus,
and the required business strategy skills. This section first addressed the type of business
models participants are operating in. The majority of respondents operated their core
business model as business-to-business (B2B—56%), some were operating business-to-
consumer (B2C—27%), and less (Other—7%) had a combination of the two models, or were
cooperatives or research or consultancy institutions. Regarding sectors, and comparing
both business models questioned, the business-to-business model was more adopted in
all sectors compared with business-to-consumer: Agriculture (23 vs. 8 answers), Food (5
vs. 2 answers), Multiple (5 equal 5 answers), Forestry (3 vs. 0 answers), and Bio-Based
industries (1 vs. 0 answers).

In Figure 13, the core strategic focus of the participants’ business model is presented.
Findings showed sustainability, innovation, business growth, and increased competitive-
ness as the main selected drivers for business development. Focuses on digital transforma-
tion and work to secure business also featured high on the strategic business focus. The
transition to sustainable agri-food and forestry systems is closely linked with technical
innovation [41] and digital transformation [73], as discussed in previous sections. Moreover,
innovative business models supported by digital tools may foster the agri-food sector, value
supply chains, and boost sustainability and employability [74].
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The three most relevant strategic business skills to support business models (Figure 14)
were related to “business strategy, development, implementation, and analysis,” “busi-
ness continuity planning,” “business planning/modelling and strategic management,”
and “recognition and realizing business opportunities.” These were followed by “change
management,” “providing leadership,” and “data analytics.” “Growth mindset” and “col-
laboration and co-operation across sectors of the food chain” were also valued. Agriculture
and Food Industry were the two sectors with more answers to this question. The agriculture
sector highlighted “business strategy, development, implementation and analysis,” and
the Food Industry sector highlighted “new value chains and business models” as main
business strategy skills. These findings showed an increased interest in new business
models and management-related skills.
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4. Conclusions

The identification of existing and emerging skills needs in bioeconomy, sustainability,
and digitalization is of paramount importance to the development of a strategic approach
that will bolster the European agri-food and forestry sectors in the transition to sustainable
production in the long term. Survey outcomes on skills needs are in concordance with those
found in the FIELDS focus groups. The skills considered most important in focus groups
were found in general very important also by survey respondents, with some differences
depending on the working sector and skill. Though some differences between each sector
and specific skills were observed, on the main, the evaluated set of skills were considered
relevant and may feature the agri-food and forestry workforce upskilling and reskilling
training. A highlight should be given to the relevance of soft skills for all sectors, with all
skills ranking very important for more than 90% of respondents, including skills related
to “data handling analysis” and “everyday usage of digital technology to communicate”
among those better evaluated by respondents. Among business and entrepreneurial skills,
those considered most important were “collaboration across all sectors of the value chain”
and “business planning and strategic management.” For sector-specific skills, the skill with
higher ranking for Agriculture was “planning and coordinating production,” for Forestry
it was “sustainable forest management practices and planning,” and “food security” for
the Food sector. According to participants’ prospects of required skills in 5 to 10 years,
these were mainly digital and sustainability skills. Using a trainer perspective over all the
skills analyzed in this study, it is possible to remark that regardless of the category or sector
assessed, “planning,” “management,” and “control” are key activities associated with the
most-demanded skills in the survey, setting a focus to train students and workers in these
competences.

There is a general perception among respondents that formal training better responds
to training needs compared with non-formal training, but also that existing training systems
do not cover actual skill needs. The results showed that a cross-sectoral approach developed
to train a set of skills, including sustainability, digital skills, soft skills, and business
skills, was identified by stakeholders as a way to tackle the agri-food and forestry sectors’
challenges. Increasing technical skill levels will promote innovation and digital advances,
which, harnessed with soft skills training, will create experts with sound human and
technical competences who will be able to improve productivity, face business challenges,
and create new markets to support and develop sustainable and solider agri-food and
forestry sectors.

This study presented some limitations, mainly related to the fact that samples are not
representative of studied sectors (small sample size) and not equally represented, being
also quite unbalanced. This study is an exploratory study complemented by other activities
on skill needs conducted in the FIELDS project, such as focus groups and scenario analysis.
In the future, work skills needs will be analyzed from the perspective of the three activities.
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Appendix A. Questionnaire

https://zenodo.org/record/7245370#.Y1eyR3bMJD8 (accessed on 17 February 2023).

Appendix B

Table A1. Categorization of selected skills by sector of activity.

Sample
(n) Agriculture Bio-Based

Industries Food Forestry Multiple
Sectors Other p Value

Sustainability Skills

Mitigation and adaptation to climate change 363 4.28 ab 3.90 a 3.92 ab 4.35 b 4.51b 4.41 ab 0.004
Efficient use of resources and logistics 366 4.31 3.80 4.35 4.43 4.46 4.38 0.391

By-products and co-products valorisation 362 3.81 3.92 3.70 3.67 4.22 3.97 0.111
Good agricultural practices 355 4.46 c 3.76 a 3.48 ab 3.30 ab 4.59 c 4.07 bc <0.001

Soil nutrient and health management 358 4.27 b 3.47 a 3.75 a 3.45 ab 4.26b 3.98 ab <0.001

Digitalization Skills

Everyday usage of digital technology to communicate 367 4.20 3.55 4.19 4.00 4.24 4.28 0.320
Data handling and analysis 355 4.23 ab 3.60 a 4.18 ab 4.05 ab 4.49 b 4.00 ab 0.026

E-commerce and e-marketing 360 3.69 3.10 3.90 3.95 3.91 3.90 0.141
Farm Management Information Systems (FMIS) 357 4.08 b 3.30 a 3.39 ab 3.29 a 4.14 b 3.76 ab <0.001

Field operations management systems 364 4.01 b 3.18 a 3.48 ab 3.62 ab 4.14 b 3.90 ab 0.010

Soft Skills

Communication 368 4.31 3.80 4.44 4.24 4.57 4.35 0.072
Analytical, critical, and creative thinking 365 4.28 4.00 4.21 4.33 4.53 4.52 0.133
Being resilient, adaptable, and proactive 369 4.34 bc 3.60 a 4.34 bc 3.89 ab 4.56 c 4.45 bc 0.001

Organisation, planning, visioning, and strategic thinking 363 4.42 bc 3.78 a 4.37 bc 4.10 ab 4.66 c 4.33 bc 0.005
Learning continuously 358 4.37 4.00 4.31 4.43 4.53 4.39 0.706

Business and Entrepreneurship Skills

Business planning/model and strategic management 359 4.26 ab 3.67 a 4.02 ab 3.90 ab 4.49 b 4.08 ab 0.006
New value chains/new business models 355 4.06 3.67 4.10 4.05 4.31 4.10 0.589

Collaboration/cooperation across all sectors in the food chain 364 4.31 b 3.91 ab 4.26 ab 3.68 a 4.52 b 4.29 ab 0.024
Interdisciplinary knowledge to assess the whole value chain 363 4.04 ab 3.60 a 4.06 ab 4.06 ab 4.46 b 4.17 ab 0.031

Project management 358 4.03 3.44 3.96 3.80 4.29 3.97 0.085

Data represent mean values of answers rated by importance. Superscript letters within rows represent statistical
differences between median values (p < 0.05).
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