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Abstract: This study aims to assess the quantitative and, above all, the qualitative potential of the
agricultural labour force in Romania. In the first part of this paper, analyses will be carried out on the
agricultural labour force to identify the potential of countries that attach particular importance to
the subject studied and the inter-relationships between them, where agriculture is a major employer.
In the second part of the paper, an empirical analysis of labour force statistics will be carried out
to assess its potential, both quantitatively and qualitatively. Finally, we want to determine the
influence of certain population characteristics on the qualitative potential of the labour force. The
bibliometric analysis provides a historical, contextual and evolutionary perspective on previous
research and problematic factors in the field, linking the “agricultural labour force” to other issues
such as climate change, economic growth, sustainability, education and income. It provides a
comprehensive framework and links between the various elements influencing the agricultural sector,
strengthening the understanding of the interconnections between labour force and other key variables
in the sector.

Keywords: agricultural workforce; bibliometric analyses; education level; regression

1. Introduction

The agricultural labour force refers to the number of people working in the sector,
including farmers, seasonal workers and permanent employees [1].

As well as playing an important role in the food supply, the agricultural sector can
also play an essential role in a country’s economic and social development by creating
employment opportunities and stimulating the rural economy. Agriculture can also be a
great source of income for farmers and workers in the sector [2–4].

However, the agricultural workforce can face harsh working conditions and low levels
of security and social protection. In addition, agriculture can be affected by factors such as
climate change, economic and political crises, limited access to technology and finance [5].

The agricultural workforce in Romania is characterised by a predominantly elderly
population, where approximately 59.2% of employees are between the ages of 40 and 64, and
9% are aged 65 or over. Young people comprise only a small part of the labour force—about a
third of the total. Farm managers under 40 make up only 10.4% of their total number. In
addition, family farms dominate the agricultural market, accounting for 92.2% of all farms
and managing 62.2% of the total area of agricultural land used [5].

Governments and the agricultural sector must therefore work together to ensure
adequate working and living conditions for the farmers and to support and develop
the agricultural sector so that it can provide food and resources to the population in a
sustainable way [6–8].

Affected by factors such as the automation, mechanisation and transfer of labour to
more attractive cities and industries, and the ageing of the rural population, Romania’s
agricultural labour force has been shrinking in recent years, a fact which led to a reduction
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in the number of farmers and agricultural workers. Efficiency and productivity gains in
different fields are often associated with extensive discussions about mechanisation and
automation. However, little attention is paid to the vital interaction between technological
advancement and the high level of training of the workforce, an essential connection for
optimising performance and efficiency. This observation highlights a gap in the current
debate, neglecting the synergistic potential of investing in both technology and employee
skill development to maximise economic outcomes and improve performance within the
industry [9,10]. Despite changes in the economy, agriculture continues to play a vital role
in Romania’s economy, making a significant contribution to the country’s gross domestic
product and providing essential food and resources for the population [11–13]. The Gov-
ernment of Romania and the agricultural industry are working together to support and
attract young people to join the industry through technology and infrastructure invest-
ment programmes and initiatives, as well as the provision of training and education in the
field [14,15].

Furthermore, Romania boasts a rich agricultural tradition and a diverse range of high-
quality agricultural products, coupled with tremendous potential for further development
in this sector. Agriculture remains an equitably component of the Romanian economy,
serving as a primary source of food for the domestic market and a key contributor to the
global export of agricultural products. In recent years, Romania’s agricultural sector has
been marked by reform and modernisation, including the usage of modern technologies
and sustainable farming practices. However, there are still issues of under-investment,
insufficient infrastructure, and the need to improve competitiveness in European and world
markets. The potential of farms is affected by water and irrigation services, which are
insufficient or non-existent in some areas.

Romania’s agricultural sector has continued to develop in recent years, but efficiency
and productivity problems remain. Limited access to finance and red tape affect farmers’
ability to reorient themselves towards innovation and new modern technologies. Despite
these problems, the Romanian government has taken measures to support the agricultural
sector, including not only the provision of subsidies but also specialised programs in
technology and innovation [16].

The European Union supports agriculture through policies and programs designed
to increase agricultural productivity and competitiveness, but issues of an independent
nature such as natural resources, environmental change and the shift towards sustainable
agriculture have emerged. This has led to high environmental standards for animal and
food safety, with positive effects on food safety and product quality but also negative effects
such as increased costs for farmers and competition on the world market [17].

The current trend in the European Union shows a decrease in the number of people
involved in agricultural activities, which on the one hand has positive aspects such as
increasing labour productivity and farm size, and on the other hand, is negative due to
ageing farmers and the rural population, especially young people, who migrate to urban
environments or abroad where they receive job offers that are more enticing than those of the
EU. The EU is also diverse when it comes to forms of employment (part-time or full-time),
but also in terms of income received (paid and unpaid), age and gender structures, levels
of education and productivity [18]. In the European Union, family-type farms make up
95.2% of all farms, which manage 62.2% of the entire used agricultural area and contribute
to 59.5% of all agricultural production. Farms where the activity is exclusively provided by
members of the farmers’ families are the smallest and have the lowest average labour force
and the lowest average standard output in the field of agriculture. As such, learning plays
an essential role for a society that is constantly changing and where farmers must adopt
new technologies and innovative sustainable practices to maintain the performance and
competitiveness of the agricultural sector [5].

As the number of agriculture workers decreases in the EU, the need for skilled workers
is increasing due to quality standards. Young people are attracted to this field through vari-
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ous training and assistance programmes for farmers. Regulations on wages and working
conditions have also evolved/been updated with these changes.

In addition, the Common Agricultural Policy (CAP) aims to ensure a high level of
food production, improve working conditions and contribute to environmental sustainabil-
ity [19,20].

Further, by studying the existing literature on the topic of labour force performance in
agriculture, the thematic framework for the present research can be outlined.

According to recent studies, the critical situation facing this sector is established, both
in Romania and in other European countries. These studies mention that employment has
shown a pattern of decline in recent years, but in agriculture, the decline is 50% faster than
in other sectors (such as tourism, as noted by some authors) [21–23].

Therefore, given the situation faced by the agricultural sector at the European level,
including in Romania, coupled with a decrease in the volume of the labour force and
the problem of an ageing population and the migration of young people from rural ar-
eas [24–27], intensive development in this sector is necessary. At the same time, given the
studies presented above, it can be considered that intensive development can be achieved
only by increasing productivity, so that a smaller labour force can create and develop more
production value and/or added value, and according to the latest studies presented, this
increase in productivity, in addition to technical and technological endowment [28,29],
can be achieved by increasing the educational level of human capital. With globalisa-
tion, agriculture in many countries has undergone significant changes, transforming into
export-oriented production that is becoming increasingly dependent on migrant labour.
This workforce often faces disadvantageous conditions related to low wages, limited so-
cial protection, difficulties in obtaining housing and restricted access to health services.
However, there are countries such as Spain, Italy and Poland where agriculture is an impor-
tant economic sector for generating jobs, supporting sustainability and revitalising rural
areas [30,31].

Other research confirms that Romania is at the bottom of the rankings in terms of
labour productivity in agriculture, but nevertheless, as early as 2017, there were positive
signs, such as an increase in labour productivity of over 50% in terms of the value of
agricultural output per person employed [26]. Thus, it can be considered that Romania’s
position can improve with an increase in labour productivity, even with a decrease in the
volume of labour in agriculture [32]. According to research estimating production functions
for specific regions in Greece, it was found that human capital shows a strong positive
association with labour productivity through upper secondary and tertiary education,
while primary education shows a negative relationship, and lower secondary education
shows no association with productivity [27].

The objective of this study is to conduct an in-depth examination of Romania’s agri-
cultural sector, focusing on both quantitative and qualitative aspects of its workforce.
Specifically, this research seeks to ascertain the impact of educational levels within the
labour force on key performance indicators within the agricultural domain. This investiga-
tion will employ a two-pronged approach, firstly, through a comprehensive bibliometric
analysis of pertinent research topics in this area and, secondly, by scrutinising data con-
cerning labour force demographics and capacity. Ultimately, the study aims to establish
correlations between various labour force attributes and outcome indicators, providing a
nuanced assessment of the labour force’s potential within the agricultural sector.

The research question for this article focuses on human resources and influence on
agricultural economic activity Thus, the question arising from this context is “to what extent
does the qualitative potential (level of qualification/training/education) of the population
employed in agriculture influence the value level of agricultural production?”

According to the research presented, there is a general trend at the Member State level
of a shrinking workforce due to the level of modernisation and digitisation of agricultural
production, reducing the need for labour. In this respect, the first research hypothesis to
which the paper wishes to contribute is that (H1) “the Romanian agricultural labour force is
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declining at an accelerated rate”, given that, in addition to the modernisation of production
technologies, there is also a reduced level of labour availability and a marked ageing of the
rural population.

Given the research on the relationship between wage earnings and job vacancies [33]
and the trend in Romania [34], we consider the second hypothesis (H2) in which wage
earnings inversely influence the number of job vacancies in agriculture.

Considering the increasing dynamics of agricultural production, we consider in the
third research hypothesis (H3) that this increase may also be influenced by the higher level
of education among the population employed in agriculture, which may represent the
qualitative potential of the labour force.

2. Bibliometric Analysis on “Agriculture Labour Force”

To develop the bibliometric analysis, the data collected from the Web of Science
database on the topic “agriculture labour force” was entered into VosViewer software,
version 1.6.18, through which maps were generated on keywords used at least five times in,
scientific paper, their usage by year and countries that give particular importance to the
studied topic. This paper presents a bibliometric analysis based on a sample of 1367 articles
on the agricultural labour force. Regarding the methodology of the literature review, it was
based on a meta-analysis.

According to the Web of Science database, between 1975 and 2022, a total of 1367 sci-
entific papers were produced on the subject “agriculture labour force” in categories such
as economics (283 papers), environmental science (218 papers), environmental studies
(166 papers), agricultural economics policy (98 papers), development studies (88 papers),
green sustainable science and technology (83 papers), etc.

This topic started to be researched as early as 1975, when two scientific papers were
produced. The maximum number of papers produced in this field was in the year 2021
with 159 papers, which then decreased to 150 papers the following year (Figure 1).
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Figure 1. Evolution of the literature written on the subject “agriculture labour force”. Source:
processed from the Web of Science website.

In terms of countries with the most publications in the Web of Science database, the
USA (473 papers) is in first place, followed by China (460 papers) and England (106 papers).
Romania ranks 14th with 46 papers on the subject analysed, which shows that it attaches
importance to this subject due to its impact on the economy.

In China, the workforce in the agricultural sector is significant, but in recent years, it
has declined due to industrial growth and urbanisation, so young people are reorienting
towards industry instead of agriculture. Also, in the United States, the agricultural labour
force has declined, with the main reasons being automation and mechanisation, which
have significantly reduced the human labour force [20,35] (Figure 2).
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According to the Web Of Science database, the top 10 categories in which most scientific
papers were included are economics (283 papers), environmental sciences (218 papers),
environmental studies (166 papers), agricultural economic policy (98 papers), development
studies (88 papers), green sustainable science and technology (83 papers), multidisciplinary
agriculture (82 papers), history (81 papers), geography (65 papers) and sociology (61 papers)
(Figure 3).
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In Figure 4, the words interdependent of the subject studied are shown, the most impor-
tant ones being represented by the following: agriculture, self-employment, entrepreneur-
ship, rural, financial development, urbanisation, industrialisation, climate change and
economic growth.

These words are grouped into clusters and represent the words that researchers use
in various scientific papers. Thus, the first cluster (red), called “determinants”, presents the
problematic factors facing agriculture, such as climate, conservation, land, areas, diving force,
land-use change, household, consequences, abandonment, farmland abandonment, environ-
ment, out-migration, cultivated land, globalisation, conflict, cover change and conservation.
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The second cluster (green), called “agriculture”, presents subjects that are important
to monitor and have an impact on the agricultural sector: labour, gender, work, women,
labour force participation, economy, behaviour, investment, education, culture, evolution,
entrepreneurship, self-employment, labour, mobility, race, slavery, rural, politics, rights
and poverty.

The third cluster (dark blue), called “migration”, includes health, policy, costs, wages,
workers, employment, rural areas, immigration, patterns, industry, COVID-19 and farm
workers.

The fourth cluster (yellow), called “economic growth”, includes topics that directly in-
fluence economic growth such as access, climate change, CO2 emissions, adaptation, labour
force transfer, variability, financial development, agricultural production, de-composition,
size and panel data.

The fifth cluster (purple), called “impact”, includes sustainability, agricultural mech-
anisation, ageing, energy, technical efficiency, crop production, agricultural labour force,
services, scale, irrigation and food security.

The sixth cluster (light blue), called “growth”, includes transformation, human capital,
structural change, urbanisation, technology, demand, industrialisation, reforms and innovation.

The seventh cluster (orange), called “income”, includes farms, urban migration, land
use, remittances, households, rural China and child labour (Figure 4).

Analysing the keywords used by researchers over the years shows that:

• From 2012 to 2015, researchers were concerned with the economy, reforms, costs,
rural, food, farms, industrialisation, productivity growth, growth, unemployment,
behaviour, markets, costs and entrepreneurship;

• In 2016 and 2017, the focus was on agriculture, work, economic growth, gender,
woman, land, determination, sustainability, politics, income, transition, poverty
and household;

• Later in 2018–2020 the focus shifted to impact, productivity, farmland abandonment,
cropland abandonment, land use, agricultural mechanisation, agricultural product,
financial development, sinking force, technical efficiency, pattern, urbanisation, mi-
gration, health, forced labour, slavery, carbon emissions in agriculture, scale, CO2
emissions and technology (Figure 5).
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The importance of country relationships is crucial for identifying the relevant countries
in the scope of our study. Therefore, the frequency of collaborations and partnerships
between institutions are represented as nodes on our map. Variations in colour indicate the
diversity of research directions, while the thickness and distance of connections reflect the
level of collaboration and interaction between countries.

China, the United States and England demonstrate a distinct focus on this subject
matter. The map presented delineates eight discernible research trajectories within this
domain, characterised by distinctive colour patterns. Moreover, the European Union
exhibits a keen interest in this topic, evidenced by countries like Slovakia, Greece, Sweden,
Finland, and Austria pursuing similar research directions. Given the diverse economies
of EU member states and the significance of this sector, coupled with escalating research
investments and a burgeoning scientific trend at the EU level, there is a noticeable uptick in
the volume of papers dedicated to this subject (Figure 6).
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3. Materials and Methods

In the first part of the Results section, the main socio-economic aspects of the labour
force and human development in Romanian agriculture will be investigated from a statisti-
cal point of view.

In the second part of the Results section, the quantitative and qualitative analyses car-
ried out on data on the agricultural labour force provided by national databases (National
Statistical Institute) and international databases (Eurostat) will be discussed. Data on the
population employed in agriculture, the level of average monthly earnings, job vacancies
available and the level of education of the employed population were identified (Table 1).
Finally, a regression analysis was carried out to determine the influence that the level of
education of the population employed in agriculture (exogenous variable) may have on the
effect indicator value of agricultural production (explained variable).

Table 1. Description of the variables used in the research.

Variable Name Code Description Unit of Measurement

Population employed
in agriculture Workers_AGR

This indicator measures the total population
employed in agriculture, forestry and

fishing according to national databases.
Number of persons

Level of average monthly
earnings Net_monthly_income_AGR

This indicator measures the value of
earnings of persons working in the

agricultural, forestry and fishing sectors,
which are obtained by withholding

contributions to the state.

EUR/month/person

Job vacancies Job_vacancies_AGR
This indicator measures the number of jobs
considered vacant in the agriculture, forestry

and fishing sectors.
Number of job vacancies

Production value of the
agricultural branch

AGRICULTURAL_BRANCH_
PRODUCTION

This indicator measures the value of the
output of the agricultural branch, in EUR,

which includes the value of the output of the
crop sector, the value of the output of the
livestock sector, the value of agricultural

services and the value of processed output.

Million EUR

Population employed in
agriculture by the level of

education

ED0_2

This indicator measures the population
employed in agriculture with a Basic level of

education according to the ISCED
classification, including 0. early childhood

education, 1. primary education and 2.
lower secondary education

Number of persons
ED3_4

This indicator measures the population
employed in agriculture with an

Intermediate level of education according to
the ISCED classification, including 3. upper
secondary education and 4. post-secondary

non-tertiary education

ED5_8

This indicator measures the population
employed in agriculture with an Advanced
level of education according to the ISCED

classification, including 5. short-cycle
tertiary education, 6. bachelor’s or

equivalent level, 7. master’s or equivalent
level and 8. doctoral or equivalent level

Logarithm of production
value of the

agricultural branch

LOG AGRICUL-
TURAL_BRANCH_PRODUCTION

Logarithm in base 10 for dependent variable
values Million EUR

Population employed in
agriculture by the level of

education
LED0_2; LED3_4; LED5_8 Logarithm in base 10 for independent

variable values Number of persons



Sustainability 2023, 15, 16700 9 of 25

Variables were chosen based on the availability of data in both national and European
databases and on previous empirical research on the literature.

The development of the econometric model will be carried out using EViews Student
Version: 12.

4. Results

We believe that ensuring Romania’s food security and orienting agriculture towards a
sustainable sector of the economy cannot be conceived without an analysis of the workforce
in agriculture; its professional quality; the structure by age group; and, last but not least,
the economic, social and professional status [36].

4.1. Statistical–Economic Analysis of Labour Force and Human Resources Development in
Romanian Agriculture

As a general approach, the labour force is at the confluence of demography, economy
and society: demographically [37] because over time, 10–15 years on average, demographic
phenomena and processes predetermine the volume of labour resources, i.e., the potential
demand for jobs, a demand strongly structured by age, sex, profession, level of education
and training, territory, etc.; economically [37] because the economy, depending on a series
of factors and conditions which differ widely in nature (technical or organisational), deter-
mines the number and structure of jobs, the overall and structural volume of supply and
the potential for employment; and socially [37] because the human factor should be at the
heart of any development strategy as its end in itself, as an economic agent, as the carrier
of the investment process, as the accumulation of capital in the form of knowledge and
education, as an inexhaustible resource with unlimited creative powers, etc. [37].

Human resources in agriculture can be considered as an independent variable, and
in this case, we will use the following indicators: number of total population and civilian
employed population in agriculture. The civilian employed population in agriculture can
be considered as the outcome variable, which means that we will present the ratio of the
employed population in agriculture to the civilian population (Table 2).

Table 2. Civilian employed population * in agriculture in Romania (%).

Indicators 2014 2015 2016 2017 2018 2019 2020 2021 Average

0 1 2 3 4 5 6 7 8 9 11

1
Civilian employed
population/total

population of Romania
42.3 42.0 42.1 42.6 43.0 43.7 43.6 39.6 42.4

2
Agriculture, forestry and

fishing/civilian
employed population

27.3 24.0 20.8 20.8 20.9 20.6 19.9 11.1 20.7

3 Industry/civilian
employed population 21.1 22.4 23.5 23.5 23.2 22.3 22.4 24.2 22.8

* In Romanian legislation, the employed population can be persons between the ages of 15 and 64. Source: authors’
own calculations based INSSE statistical data from Tempo-online; Labor force balance; and FOM103A—Civilian
employed population by activities of the national economy at CAEN Rev.1 section level, sex, macro-regions,
development regions and counties, http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table,
(accessed on 15 June 2023).

At the national level, 42.4% of the employed civilian population is employed on aver-
age, of which agriculture accounts for 20.7%, and industry, for 22.8% (Table 2, column 11).

Figure 7 shows the dynamics of the population employed in the agricultural sector as
well as in the industrial sector, comparing the growth rate using the linear model.

http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table
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Figure 7. Civilian employed population by activities of the national economy. y Agriculture = the
value of the regression trend function for the population employed in agriculture, forestry and fishing;
y Industry = the value of the regression trend function for the population employed in industry.

Coefficient b of the regression equation shows a quantitative decrease in the civilian
population employed in agriculture, on average, by 0.139 million persons/year (average
growth rate −13%), while the civilian population employed in industry decrease on average
by 0.0048 million persons/year.

The agricultural human resource density indicator is calculated as the ratio of the
total population to agricultural industry output and utilised agricultural area. According
to our calculations for this indicator, in Romania, one person working in agriculture
produces goods, on average, for 15 inhabitants; works, on average, 10 hectares; and obtains
agricultural goods and services at an average value of 14.3 thousand euros per year, which
is equivalent to an average of 1189 euro/month. We consider this amount to be very low
for a person working in agriculture, and here, we take into account the possible expenses
that go into the maintenance and needs of a family. It has been taken into account that a
family includes parents and a child (i.e., three people) (Table 3, column 12).

Table 3. Agricultural labour force density in Romanian agriculture.

Indicators 2014 2015 2016 2017 2018 2019 2020 2021 2022 Stdev

0 1 2 3 4 5 6 7 8 9 11 12

1

The population on
1 January—total

(persons/agricultural
labour input)

13.9 14.6 12.5 13.1 13.3 13.8 17.7 18.2 18.8 2.4

2
Utilised agricultural

area—UAA (ha/agricultural
labour input)

9.7 10.2 8.6 8.9 9.1 9.9 12.0 12.4 0.0 3.6

3

The output of the agricultural
“Industry”

(1000 euro/agricultural
labour input)

11.7 11.4 9.8 11.4 12.6 13.5 15.4 20.0 22.5 4.3

Source: authors’ own calculations based EUROSTAT statistical, (DEMO_GIND__custom_6307242),
(AACT_EAA01__custom_6355234), (TAG00025__custom_6207308) and Agricultural labour input statistics: ab-
solute figures (1 000 annual work units) (AACT_ALI01__custom_5466164). Data extracted on 21 March 2023,
08:52:37.
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Compared to other European Union countries, in 2022, the country’s population was
19.2 million, with Romania ranking sixth by population size (after Germany (83.1 mil-
lion inhabitants), France (67.6 million inhabitants), Italy (59.2 million inhabitants), Spain
(47.3 million inhabitants) and Poland (37.8 million inhabitants); fourth in terms of utilised
agricultural area (UAA), after Spain (24.4 million hectares), Germany (16.6 million hectares)
and Poland (14.5 million hectares); seventh place in the value of production at basic prices,
after France (EUR 96.6 million), Germany (EUR 74.5 million), Italy (EUR 71.2 million), Spain
(EUR 63.2 million), Poland (EUR 39.9 million) and the Netherlands (EUR 36.2 million); and
third place in the EU in the agricultural labour force, after Poland (1.43 million AWU) and
Italy (1.02 million AWU).

The essential factor in the economic and social development of agriculture is the
human resources available to it at any given time. In this context, labour resources are
identified by the number, experience and degree of training.

The statistical data show, in part, how the agricultural requirement of the future fits
in, in that average annual growth rates are observed for the university level of education
(+5.84%) and for the high school level (+1.87%). A considerable reduction is recorded at
the secondary school level (−10.78%), at the primary school level (−16.23%) and at the
level of those with no schooling (−6.42%), as shown in Table 4, column 7. A deterioration
in the level of education is observed in rural areas. The causes are due to the standard
of living and quality of rural life. Declining education rates for the mentioned levels will
have repercussions on future generations entering the labour force, with negative effects
on labour efficiency and productivity. Such phenomena represent long-term obstacles to
the formation of high-performance and competitive agriculture [38]. The agriculture of the
future needs a new type of farmer, who must be a good agronomist and animal scientist, a
better plant protection specialist, a better financial analyst, a better computer scientist and
a better marketing specialist [38].

Table 4. The employed population by education level in rural areas (thousand people), in the
period 2014–2022.

Nr. Crt. The Education Level

Indicators of Descriptive Statistics

Min Max Avg. Stdev Coefficient of
Variability (%)

Annual
Growth
Rate (%)

0 1 2 3 4 5 6 7

1 Total 7755 8689 8489 309 3.6 −1.49

2 Urban 4584 4784 4703 68 1.4 −0.26

3 Rural, from which 3171 3945 3786 255 6.7 −3.07

4 University 182 271 244 28 11.4 5.84

5
Specialised or technical
post-secondary school

for foremen
53 62 57 3 5.6 −0.13

6 secondary 1133 1405 1312 96 7.3 1.87

7 Professional, complementary or
apprentice 790 914 847 48 5.7 −0.16

8 Secondary 678 1506 1138 236 20.8 −10.78

9 Primary (grades 1–4) 71 246 168 52 30.7 −16.23

10 No graduate school 11 26 20 5 23.6 −6.42

Source: INS, AMG110X—AMIGO—The employed population by occupation groups, education level and res-
idence environments, http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table (accessed on
23 May 2023).

http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table
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The development of human resources and the contribution that education makes
to increasing the productivity of the world has been the subject of research by several
leading economists. Adam Smith in The Wealth of Nations included fixed capital as the most
acquired and useful skills of all the inhabitants or members of society. Alfred Marshall
wrote that “The most valuable of all capitals is that invested in human beings”. Schultz was
a pioneer in the study of investment in human capital. Drawing attention to the importance
of human resource development, he emphasised the relative returns from investment in
education. The failure to treat human resources explicitly as a form of capital, as a means
of production produced, and as a product of investment, encouraged the classical notion
of labour as a capacity to perform manual work requiring little knowledge and skill, a
capacity with which, according to this notion, workers are roughly equally endowed [39].

Employed population by age group: compared to urban areas, the rural area shows a
decrease in the employed population by an average of 2.35 percentage points. This situation
can be explained by the phenomenon of village and rural migration, but also by people
leaving to work in other countries. The factors of migration are push factors (low living
standards, poverty, lack of employment, financial and political crises, etc.) and pull factors
(higher living standards, higher wages, the possibility of finding a better job, experience of
social networks, individual freedom, etc.) [40].

Overall, the data are statistically homogeneous, with a coefficient of variability below
10% (CV < 10%), except for the 65+ age group, where there is statistical heterogeneity in the
data (CV > 30%). The largest employed population belongs to the 35–49 age group and the
50–65 age group, as shown in Table 5, column 4, rows 6 and 7. In terms of the annual growth
rate, it could be interpreted as significantly negative for the age groups of 15–24 years
(−2.50%), 25–34 years (−2.25%), 35–49 years (−2.09%) and very significantly negative
for the age group of 65 years and over (−20.72%). From an occupational point of view,
the trend of a very significant reduction in the age group of 65 years and over (−20.72%),
identified in the literature as the phenomenon of demographic and demo-economic ageing,
can be explained by the transfer of land use rights to descendants, leasing, renting, selling
land but also due to the inability to be competitive, as shown in Table 5, columns 3, 6 and 7.

Table 5. The employed population by age group in rural areas, 2014–2022 (thousand people).

Nr. Crt. Age Groups

Indicators of Descriptive Statistics

Min Max Avg. Stdev. Coefficient of
Variability (%)

Annual
Growth
Rate (%)

0 1 2 3 4 5 6 7

1 Total 7755 8689 8410 374 4.4 −1.27

2 Urban 4580 4784 4689 76 1.6 −0.24

3 Rural, from which 3171 3945 3721 309 8.3 −2.59

4 15–24 years 268 357 327 35 10.6 −2.50

5 25–34 years 648 784 731 49 6.8 −2.25

6 35–49 years 1292 1634 1507 123 8.2 −2.09

7 50–64 years 858 1036 933 61 6.6 −0.37

8 65 years and over 54 344 223 100 44.8 −20.72

Source: INS, AMG110J—AMIGO—The employed population by level of education, by age groups, and by areas
of residence, http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table (accessed on 23 May 2023).

According to statistical data, for the period of 2014–2022, Romania’s employed popu-
lation is on average 8.41 million people, of which 55.8% (4.689 million people) represent
the urban population, and 44.2% (3.721 million people) represent the rural population.
Agriculture, forestry and fishing represent on average 20.7% (1.762 million persons) of the

http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table
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total employed population, with the distribution by residence being 8.7% in urban and
91.3% in rural areas (Table 6).

Table 6. Population employed in agriculture in rural areas, by professional status, 2014–2022 (thou-
sand people).

Nr. Crt. The Professional Status

Indicators of Descriptive Statistics

Min Max Avg. Stdev Coefficient of
Variability (%)

Annual
Growth
Rate (%)

0 1 2 3 4 5 6 7

1 Total employed
population 7755 8689 8410 374 4.4 −1.27

2 Agriculture, forestry
and fishing 865 2442 1762 535 30.3 −12.16

3 Urban 79 185 149 38 25.4 −6.04

4 Rural, from which 786 2312 1613 507 31.4 −12.61

5 Employees 123 144 136 7 4.9 1.11

6 Business owner 2 6 4 1 32.7 10.36

7 Self-employed 430 1227 886 274 31.0 −12.29

8 Unpaid family worker 209 952 587 239 40.7 −17.24

Source: Sursa: INS, AMG11OT—AMIGO—The employed population by activity, by professional status, and by
residence environment, http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table (accessed on
23 May 2023).

The population employed in agriculture in rural areas fell by 4.43 percentage points
compared to the urban employed population. There was an increase among employers
working in agriculture (+10.36%) and employees (+1.11%). The employed population in
Romania decreased, on average, by 1.27%, and the employed population in agriculture is
10.89 percentage points lower than the national average. A significant share of the employed
population in agriculture has decreased significantly for the categories of own-account
workers (−12.29%) and unpaid family workers (−17.24%). The reduction in these categories
primarily affects the labour stock in rural areas. We tend to believe that this decline was
driven by economic reasons, generated by low incomes from agriculture. An illustrative
example would be the income from agricultural factors [41] obtained by Romania compared
to other EU-27 countries. Thus, for the period of 2014–2020, Romania obtained an average
income of 4100 EUR (in real terms)/AWU compared to France (33030 EUR/AWU), Spain
(35915 EUR/AWU), Germany (29149 EUR/AWU), Italy (21397 EUR/AWU) and Poland
6200 EUR/AWU, with Romania being in the last place in the EU-27.

Romania’s agricultural labour force [3] is a category that even includes people who
work seasonally and for free, and this applies to members of farming families. The amount
of labour provided can be converted into full-time labour equivalents (annual work units)
to understand the amount of work carried out in agricultural activities (Table 7).

The volume of the labour force in agriculture in Romania for the period of 2014–2022
shows a downward trend, with a negative annual growth rate (−4.24%), with a downward
trend for both non-employees (−4.54%) and employees (−2.59%), as shown in Table 5,
column 7. According to the regression equation, the agricultural labour force in the non-
salaried group, for the period of 2014–2022 increased, on average, by 124.14 AWU/year,
and the coefficient of determination (R2) of 80.14% highlights the percentage of how much
of the variation in the dependent variable (1000 AWU non-salaried) is explained by the
regression equation. As for the group salaried in agriculture, there is a decrease, on average,
of 24.72/1000 AWU/year.

http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table
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Table 7. Agricultural labour input statistics (AWU) in Romania, 2014–2022.

Nr. Crt. Agricultural Labour

Indicators of Descriptive Statistics

Min Max Avg. Stdev Coefficient of
Variability (%)

Annual
Growth
Rate (%)

0 1 2 3 4 5 6 7

1 Total labour force input 1013 1579 1323 213 16.1 −4.24

2 Non-salaried 846 1428 1150 217 18.8 −4.54

3 Salaried 151 206 173 20 11.8 −2.59

Source: Own calculations based EUROSTAT statistical, Agricultural labour input statistics: absolute figures
(1000 annual work units) (AACT_ALI01__custom_5466164). Data extracted on 21 March 2023, 08:52:37.

Figure 8 shows a comparison of the labour force in Romania’s agriculture between
salaried and unsalaried persons.
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Figure 8. Agricultural labour input statistics (AWU) in Romania. Poli. = Polynomial trend line.

According to agricultural labour force statistics (expressed in AWU), compared to
other EU countries, Romania ranks second after Poland. Compared to the EU-27 aver-
age, Romania’s agricultural labour force is on average 15% (1.32 million), 4 percentage
points lower than that of Poland (19%, i.e., 1.68 million). Italy (12.8%, i.e., 1.12 million),
Spain (9.9%), France (8.4%) and Germany (5.5%). The data analysed are for the period of
2014–2022.

Figure 9 shows the dynamics of labour productivity in agriculture, based on output
value, gross value added and annual work units.

Labour productivity in Romania’s agriculture (calculated as the ratio of the value of
agricultural production to the labour force) has an average growth rate of 8.50% against a
background of a reduction in the labour force (−4.24%) and at a higher rate than the growth
in the value of production (average annual rate of +3.90%). If we also take into account
intermediate expenditure (the difference between the value of agricultural production and
intermediate consumption), the gross value added has increased by an average of 5.62%.
In this context, Romania’s labour productivity, calculated as the ratio between gross value
added and labour force, shows an upward trend, with an average annual rate of +10.29%.
Figure 3 shows labour productivity calculated as the value of agricultural industry output
and gross value added for the period of 2014–2022.
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Figure 9. Labour productivity in Romanian agriculture. Poli. = Polynomial trend line.

These productivity increases are due to the reduction in labour in agriculture and the
context of the poor modernisation of agricultural mechanisation. We cite the indicators
of gross fixed capital formation (average growth rate is +13.38%) and net fixed capital
formation (average rate −12.55%). Modernisation and the renewal of the technical base of
mechanisation contribute to the efficient use of natural and human factors, in addition to
other resources at Romania’s disposal (large number of farms and workforce) which also
need to be made more efficient. Increasing economic, social and environmental efficiency
in Romania’s agriculture, and making optimum use of the natural and human resources
available to us, particularly labour and land, requires the promotion of quality factors,
including knowledge, management, technical innovation, high-performance technologies
and computerisation [42].

To make decisions in drawing up viable development strategies [35], decision makers
need to know the main demographic indicators and the factors that determine population
movement, since human resources and their level of training are the key factors in the
economic, administrative and social–cultural development of local areas and communities,
on the one hand, and factors of consumption, on the other.

After conducting the study, it can be considered that the first research hypothesis has
been verified. It can also be considered that the decline in agricultural employment has
accelerated in recent years, and that there are other influencing factors, such as effective
universal factors associated with the increase in agricultural production technology. The
population has declined sharply in recent years due to rural depopulation and the aging of
the existing population. In addition, there is a labour shortage.

4.2. Linear Regression Model Regarding Labour Potential in Agriculture

For the analysis of the labour force potential in Romania’s agriculture, statistical
data will be used on its dynamics, as well as on other characteristics that can constitute
variables in the statistical analysis of the impact of the agricultural labour force on the effect
indicators. Of the effect indicators, the most relevant was considered to be the production
value of the agricultural branch (Figure 10).

According to the literature [22], labour laws as a whole only cover legal relationships
based on individual employment contracts, but Romanian law also regulates many other
employment relationships, which are more or less regulated by labour laws.

Regarding the quantitative potential of the labour force in Romanian agriculture,
Figure 1 shows the decreasing dynamics of people working in agriculture. In 2008, about
2.4 million people worked in agriculture, representing 27.5% of the entire employed popula-
tion at the national level. Then, in 2012, a peak of 2.51 million people working in agriculture
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was reached, representing almost 30% of the total employed population, but after this
period, there was a major decline. In 2021, there were 847 thousand people working in
agriculture in the last year, representing 11% of the employed population. Analysing the
coefficient of the dynamic trend equation, it can be seen that on average, in the period
analysed, each year, the number of agricultural workers decreased by about 100 thousand
people. This decline may have several causes, such as the excessive ageing of the rural
population, but especially of ex-farm managers, more than half of whom are bordering
retirement age, or at a level of investment based on a single axis, namely the national rural
development programme. But it should be noted that there is also a general downward
trend in the agricultural workforce in other countries, given the technological and digital
development of agriculture, leading to lower labour requirements.
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Figure 10. Dynamics of agricultural workers in Romania. Source: processing based on NIS data.

Given the opposite dynamics of the two indicators analysed in Figure 11, with a similar
but opposite rate of change, we can determine that average wage earnings in agriculture
would influence vacancies. The total net average wage earning per person increased each
year by 8.5%, from 183 monetary units (EUR) to 529 monetary units (EUR) over the period
analysed; thus, the increase was almost 300%. Over time, with the increase in net income,
there is a decrease in vacancies. This is at an average change rate of 8.4% per year, with the
number of vacancies falling from 1585 to 507. Given these changes, we tested whether the
link is strong and to what extent the indicators are influenced. It is observed that there is
not a strong link between the indicators, with the change in vacancies being explained by
the change in earnings of around 7%.

In regard to the qualitative potential of the labour force, Figure 12 shows the dynamics
of people working in agriculture according to their level of education and according to the
International Standard Classification of Education (ISCED).

It can be seen that according to the level of education, the majority of the population
employed in agriculture in Romania has a Basic level of education (Basic). According to the
ISCE, their share ranges from 46.3% to 63.6%, which subsequently decreases as more and
more people have increased their level of education in the last year, with most workers in
agriculture having an Intermediate level of education (Intermediate), i.e., 52.6%. There is
an increase over the study period in the number of workers with an Intermediate level of
education, from 35.8% in 2008 to 45.5% in 2021, and the greatest increase was recorded in
the Advanced level of education, from 0.6% at the beginning of the period analysed, which
is then doubled at the end of the period to 1.2%. Analysing the decrease in the labour force
employed in agriculture at the general level and the decreases according to the level of
education, it can be seen that for the first level of education, Basic (“ED0-2”), the decrease
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is the largest, with 1.13 million people (80%). Then, for the Intermediate level of education
(“ED3_4”), the decrease was 474 thousand people (60%), and for the Advanced level of
education (“ED5-8”), the decrease was the smallest, with 6.7 thousand people (48%).
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Figure 11. Correlation between average net earnings of workers and job vacancies. Source: processing
based on NIS data.
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Figure 12. Dynamics and structure of the agricultural labour force by education level. Source:
processing based on EUROSTAT data.

Finally, to determine the quantitative and qualitative potential of the labour force
and the impact of its dynamics, an effect indicator measuring the value of the agricultural
sector’s production was used, the dynamics of which can be seen in Figure 13.

Agriculture includes crop production, animal production, agricultural services and
agricultural product processing. In total, in regard to the period under review, it ranged
from EUR 13.03 billion to EUR 20.77 billion in the last year alone. On average, this value
deviated by ±EUR 2.44 billion, a variation of ±16%. Although the value of production
fluctuates from year to year, being directly subject to pedoclimatic factors directly affecting
production and yield, an overall upward trend is observed, on average increasing by EUR
0.48 billion each year, or 3.65%. An external influence on this increase may also be the price
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of valorisation and the high level of inflation. However, we still want to determine whether
the increasingly educated (skilled) labour force contributed to this increase.

Sustainability 2023, 15, x FOR PEER REVIEW 19 of 27 
 

 

It can be seen that according to the level of education, the majority of the population 
employed in agriculture in Romania has a Basic level of education (Basic). According to 
the ISCE, their share ranges from 46.3% to 63.6%, which subsequently decreases as more 
and more people have increased their level of education in the last year, with most work-
ers in agriculture having an Intermediate level of education (Intermediate), i.e., 52.6%. 
There is an increase over the study period in the number of workers with an Intermediate 
level of education, from 35.8% in 2008 to 45.5% in 2021, and the greatest increase was rec-
orded in the Advanced level of education, from 0.6% at the beginning of the period ana-
lysed, which is then doubled at the end of the period to 1.2%. Analysing the decrease in 
the labour force employed in agriculture at the general level and the decreases according 
to the level of education, it can be seen that for the first level of education, Basic (“ED0-
2”), the decrease is the largest, with 1.13 million people (80%). Then, for the Intermediate 
level of education (“ED3_4”), the decrease was 474 thousand people (60%), and for the 
Advanced level of education (“ED5-8”), the decrease was the smallest, with 6.7 thousand 
people (48%). 

Finally, to determine the quantitative and qualitative potential of the labour force and 
the impact of its dynamics, an effect indicator measuring the value of the agricultural sec-
tor’s production was used, the dynamics of which can be seen in Figure 13. 

 
Figure 13. Dynamics of the value of agricultural production in Romania. Source: processing based 
on NIS data. 

Agriculture includes crop production, animal production, agricultural services and 
agricultural product processing. In total, in regard to the period under review, it ranged 
from EUR 13.03 billion to EUR 20.77 billion in the last year alone. On average, this value 
deviated by ± EUR 2.44 billion, a variation of ± 16%. Although the value of production 
fluctuates from year to year, being directly subject to pedoclimatic factors directly affect-
ing production and yield, an overall upward trend is observed, on average increasing by 
EUR 0.48 billion each year, or 3.65%. An external influence on this increase may also be 
the price of valorisation and the high level of inflation. However, we still want to deter-
mine whether the increasingly educated (skilled) labour force contributed to this increase. 

The value of agricultural production is composed of crop production, animal pro-
duction, the value of agricultural services and the value of processed products. Still, Ro-
mania is experiencing a decrease in the potential to generate added value. This is due to 
the fact that the primary sectors (the production of raw materials), i.e., the vegetable sector 
and the livestock sector, account for more than 90% of the production value. As far as crop 

Figure 13. Dynamics of the value of agricultural production in Romania. Source: processing based
on NIS data.

The value of agricultural production is composed of crop production, animal produc-
tion, the value of agricultural services and the value of processed products. Still, Romania
is experiencing a decrease in the potential to generate added value. This is due to the
fact that the primary sectors (the production of raw materials), i.e., the vegetable sector
and the livestock sector, account for more than 90% of the production value. As far as
crop production is concerned, its share varied between 61.3% and 71.2% on average. Over
the whole period analysed, the value of crop production was 67.2% of the total branch.
The value of livestock production varied between 20% and 28%, with the average for the
period stabilising at 23.3% of the value of the entire agricultural sector. The production of
agricultural services in Romania accounted for 1.4% of the total agricultural industry, and
the value of processing in agriculture averaged 8% over the period under review.

To analyse the potential and impact of the labour force in the agricultural sector in
Romania, further development of a linear regression model between the explained variable
“the value of the agricultural production branch” and the exogenous variable “employed
population by education level” is required.

First, the stationarity of the variables will be tested using the Dickey–Fuller statis-
tical test. Figure 14 shows this test for the dependent variable, namely the value of the
agricultural production branch.

By testing the stationariness of the dependent variable using the Standard Unit Root
Test, the t-statistic value of the Dickey—Fuller test for this variable is very small, being
non-representative, as can be seen from the probability level being well above the maximum
accepted threshold of 5%.

To perform a statistical time series for this variable, the logarithm of the variables was
used, and the stationarity test for this new variable (the log of the value of the agricultural
production branch) can be seen in Figure 15.

As can be seen from Figure 15, by logarithmising the data string of the deponent
variable, it was possible to obtain a new data series, which is stationary according to the
Standard Unit Root Test, with the level of the statistical parameter t of the Dickey–Fuller test
being statistically representative and the probability level being 0.02 below the maximum
accepted threshold of 0.05 (5%).
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Figure 14. Determining variable stationarity using the Standard Unit Root Test. Source: authors’
calculations (raw data source: NIS and Eurostat, processed in EViews 12 Student Version Lite).
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Figure 15. Determining the stationarity of the logarithmic dependent variable using the Standard
Unit Root Test. Source: authors’ calculations (raw data source: NIS and Eurostat, processed in EViews
12 Student Version Lite).

The independent variables were also analysed with respect to the stationariness of the
data string and found to be non-stationary, and the same logarithm method was used for
each independent variable.

Figure 16 shows the regression model between the dependent variable, the logarithm
of the value of the agricultural production branch, and the independent variable: the
logarithm of the employed population by education level.

From the model presented above, it can be seen that unfortunately, it is not statistically
validated, and that the level of the t-Statistic parameter for the second independent variable,
namely the population employed in agriculture with a medium level of education (LED3_4),
is statistically unrepresentative, with the probability value being above the maximum
accepted level of 5%. Thus, we propose the elimination of this variable and the resumption
of a model that considers the dependent variable and the two independent variables,
namely the population employed in agriculture with a low and high level of education
(Figure 17).

As can be seen, the coefficient of determination (R-squared) is 0.83, which indicates that
83% of the variation in the value of agricultural production is explained by the variation in
the population employed in agriculture according to the level of education in the two steps
(Basic and Advanced). The adjusted coefficient of determination (Adjusted R2) validates
the model given the relatively small decrease between the R2 and the adjusted coefficient,
from 83% to 80.3%.

Analysing the significance level (probability) of the coefficients, all of them have
an error rate below 5%, so the results can be estimated with a probability of over 95%.



Sustainability 2023, 15, 16700 20 of 25

The significance level of the F-statistic parameter is also adequate, being well below the
maximum threshold of 5%, and the level of the F-statistic parameter exceeds the level of
the F-critical parameter (for F-critical(0.05;2;11) = 3.98).

Sustainability 2023, 15, x FOR PEER REVIEW 21 of 27 
 

 

As can be seen from Figure 15, by logarithmising the data string of the deponent 
variable, it was possible to obtain a new data series, which is stationary according to the 
Standard Unit Root Test, with the level of the statistical parameter t of the Dickey–Fuller 
test being statistically representative and the probability level being 0.02 below the maxi-
mum accepted threshold of 0.05 (5%). 

The independent variables were also analysed with respect to the stationariness of 
the data string and found to be non-stationary, and the same logarithm method was used 
for each independent variable. 

Figure 16 shows the regression model between the dependent variable, the logarithm 
of the value of the agricultural production branch, and the independent variable: the log-
arithm of the employed population by education level. 

 
Figure 16. Regression model results between the value of agricultural production and employed 
population by education levels (ED0_2; ED3_4; ED5_8). Source: authors’ calculations (raw data 
source: NIS and Eurostat, processed in EViews 12 Student Version Lite). 

From the model presented above, it can be seen that unfortunately, it is not statisti-
cally validated, and that the level of the t-Statistic parameter for the second independent 
variable, namely the population employed in agriculture with a medium level of educa-
tion (LED3_4), is statistically unrepresentative, with the probability value being above the 
maximum accepted level of 5%. Thus, we propose the elimination of this variable and the 
resumption of a model that considers the dependent variable and the two independent 
variables, namely the population employed in agriculture with a low and high level of 
education (Figure 17). 

  

Dependent Variable: LAGRICULTURAL_BRANCH_PRODUCTION
Method: Least Squares
Date: 06/10/23   Time: 11:41
Sample: 2008 2021
Included observations: 14

Variable Coefficient Std. Error t-Statistic Prob.  

C 13.51733 0.979130 13.80545 0.0000
LED0_2 -0.614588 0.154793 -3.970385 0.0026
LED3_4 0.056991 0.295846 0.192637 0.8511
LED5_8 0.606104 0.218735 2.770946 0.0198

R-squared 0.834183     Mean dependent var 11.22273
Adjusted R-squared 0.784438     S.D. dependent var 0.156006
S.E. of regression 0.072431     Akaike info criterion -2.177402
Sum squared resid 0.052463     Schwarz criterion -1.994814
Log likelihood 19.24181     Hannan-Quinn criter. -2.194303
F-statistic 16.76920     Durbin-Watson stat 2.790743
Prob(F-statistic) 0.000315

Figure 16. Regression model results between the value of agricultural production and employed
population by education levels (ED0_2; ED3_4; ED5_8). Source: authors’ calculations (raw data
source: NIS and Eurostat, processed in EViews 12 Student Version Lite).
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Figure 17. Regression model results between the value of agricultural production and employed
population by education levels (ED0_2; ED5_8). Source: authors’ calculations (raw data source: NIS
and Eurostat, processed in EViews 12 Student Version Lite).
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Analysing the values of the coefficients, the following relationships can be identified: a
higher level of the population employed in agriculture with a low level of education (ED0-2)
leads to an exponential decrease in the value of agricultural production, the coefficient being
−0.59; and an increase in the population employed in agriculture with a higher education
level (ED5-8) leads to an exponential increase in the value of agricultural production, with
the coefficient being 0.62.

Regarding the level of autocorrelation between the residuals, analysing the value of
the Durbin–Watson test, it is observed that it is 2.79, slightly higher than the recommended
value of 2. Analysing in depth, for a significance level of 0.05 and with a number of
14 observations and k = 2, the critical values for the Durbin Watson test are d1 = 0.91 and
d2 = 1.55; thus, compared to the possible situations (positive autocorrelation, indecision,
independent, indecision and negative autocorrelation), the statistical value a Durbin Watson
(DW) test of 2.79 falls between 4-d2 and 4-d1, representing a situation of indecision, but the
residuals cannot be said to be autocorrelated (negative).

Continuing the testing of the residuals, in Figure 18, a table with the actual, fitted, and
residual values, as well as the residual plot, can be seen.
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Figure 18. Actual, fitted, residual table. Source: authors’ calculations (raw data source: NIS and
Eurostat, processed in EViews 12 Student Version Lite).

According to the graph of the residuals, it can be seen that three residuals do not
fall within the accepted limits and lead to a decrease in the value of the coefficient of
determination, namely those of 2011, 2012 and 2015. There could also be an explanation
in this sense, analysing Figure 12, these are the “threshold” years, when the population
employed in agriculture decreased sharply compared to previous years. In the 2011–2012
period, the decrease in the employed population can be attributed to the economic crisis of
that period, with massive redundancies in all sectors of activity, and in 2015, the decrease
in the employed population can be attributed to the reduced salary. In 2016, the salary was
restructured in Romania.

5. Discussion

Even if this topic is often addressed, according to the bibliometric analysis carried out
in the first part of this paper, it is still an important issue in Romania, but also in other EU
countries, as the agricultural workforce is becoming increasingly scarce, given the statistics
and the advanced degree of ageing in rural areas.

This is also confirmed by the situation with vacancies; even if they have decreased
in dynamics during the period under review, they are quite numerous and are not cor-
related with the level of earnings, which are increasing, thus confirming once again a
shortage of available labour. The most plausible explanation for the decrease in vacancies
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is the replacement of manual labour with mechanised labour and the modernisation of
production techniques.

Following the research carried out, it can be considered that the first research hypoth-
esis is validated, and it can be considered that the population employed in agriculture
is registering an accelerated decrease in recent years, with additional factors of influence
in the case of Romania compared to the universally valid factor related to the increase in
agricultural production technology. There has been a steep decline in recent years due to
the depopulation of the countryside and the ageing of the existing population. In addition,
there is a lack of labour availability.

Regarding the second research hypothesis, it was found that the level of wage earnings
in agribusiness does not explain the dynamics of the number of vacancies in agribusiness.
Even if the change was in the same proportion, but in opposite directions, as it is naturally
and as has been identified in other research, when analysing the coefficient of determination,
it is determined that the second hypothesis is invalidated, i.e., the change in the number of
job vacancies is explained by a proportion of only 7% of the change in salary earnings, so it
cannot be considered an influence between these variables.

The last research hypothesis is validated by the econometric model presented at the
end of the research, i.e., the value of the agricultural sector output increases with the
growth of the employed population educated to an Advanced level. There is always a
small decrease in production value if the education level of the agricultural workforce is
Intermediate rather than Basic.

In Romania, the main problems facing the sector are the ageing of the farming pop-
ulation, the exodus of young people to other countries, low education levels and low
incomes. Developing training and education programmes for farmers, encouraging invest-
ment in farming/farm technology and innovation, supporting farmers through funding
programmes, and creating partnerships between the public and private sectors are some
examples of recommendations that can improve the agricultural workforce in Romania.

Romania’s agricultural performance is influenced by its integration into the global
market. Understanding international trade dynamics and competitiveness is essential for
sustained economic growth.

The contribution of the agricultural labour force in Romania to the sector’s economic
performance is a complex interplay of various factors, including workforce size, productiv-
ity, government policies, and global market dynamics. A holistic approach that addresses
challenges and capitalises on opportunities can contribute to the sustainable development
of the agricultural sector.

The population employed in agriculture has been declining significantly in recent
years in Romania, raising questions about the dynamics of the agricultural sector. At the
same time, the level of wage earnings in agribusiness does not seem to fully explain this
change, and the value of production in the sector seems to be influenced by the Advanced
education of the employed population. By analysing these aspects together, we can better
understand the complexity and challenges facing Romanian agriculture.

6. Conclusions

The bibliometric analysis provides a historical, contextual and evolutionary perspec-
tive on previous research as well as on the problematic factors in the field, linking the
“agricultural workforce” to other factors such as climate change, economic growth, sustain-
ability, education and income.

The results obtained reflect the interest and concerns of both researchers and the popu-
lation regarding the agricultural sector. The review found that the literature covered topics
as varied as self-employment, entrepreneurship, behaviour, investment, education, culture,
farm workers, climate change, CO2 emissions, sustainability, agricultural mechanisation,
food security and land use.
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These conclusions emphasise the importance and diversity of approaches in agricul-
tural research, reflecting both academic interest and societal concerns related to this vital
sphere of the economy and environment.

The leading countries in the publication of scientific articles on the agricultural work-
force are the USA (473 papers), China (460 papers) and England (106 papers).

The number of people employed in rural areas is showing a downward trend, with
an accelerated pace in recent years, due to the decreasing number of people living in rural
areas and the ageing population in these areas.

Given that the rates of change in net monthly earnings in agri-food, and that the
number of job vacancies were similar but in opposite directions, we considered that these
two variables could be correlated, but analysing the correlation coefficient did not uncover
a strong link between them. Thus, wage earnings did not impact vacancies, earnings
increased due to the general increase in wages in the whole economic sector, and vacancies
decreased due to the lack of labour supply on the market, as well as the fact that production
technologies have become increasingly modern and automated.

Analysing the population employed in agriculture by education level, it decreased in
line with the general trend. However, except for the last level of education, the Advanced
one recorded an increasing share of the total. At the same time, even if the population with
Intermediate education has decreased, its share has also increased. Therefore, a higher
level of education among the workforce in agriculture is noticeable with time, which can
be considered as qualitative potential.

When examining the demographic composition of the workforce engaged in Romanian
agriculture in relation to the scale of agricultural output, a statistically significant obser-
vation emerges; there exists a likelihood exceeding 95% that the educational attainment
of the labour force significantly impacts the value of agricultural production. Moreover, a
notable finding suggests that augmenting the proportion of agriculturally employed indi-
viduals with Advanced education levels correlates positively with substantial increments
in production values.

The population employed in agriculture has been declining significantly In recent
years. This phenomenon can partly be explained by technological changes and the moderni-
sation of the agricultural sector. The use of advanced technologies and the mechanisation
of agricultural processes have led to a lower demand for labour in agriculture. Thus,
many people have turned to other economic sectors in search of better opportunities and
higher earnings.

Interestingly, the level of wage earnings in agribusiness does not seem to be the only
factor explaining the dynamics of the number of vacancies. This phenomenon can be
interpreted in the context of demographic change and labour migration. It is possible that
some regions are more affected by labour migration to urban sectors or to other countries,
which could leave vacancies behind.

In contrast, we see an interesting correlation between the increase in the value of
output in the agricultural sector and the increase in the number of employed people with
Advanced education. Advanced education can play a key role in the implementation
of innovative farming practices, efficient management and the adoption of advanced
technologies. A workforce with an Advanced education can contribute to increasing the
competitiveness of the agricultural sector in the global market.

In conclusion, the evolution of the population employed in agriculture in Romania
is influenced by a variety of factors, such as technological modernisation, labour migra-
tion and educational attainment. It is essential to address these challenges through an
integrated approach, including investment in education, support for the modernisation of
the agricultural sector and adaptation to economic and technological change. In this way,
Romanian agriculture can evolve in a sustainable and competitive way in the long term.

To present the research results objectively, it is important to mention some limitations
of the research. We believe that the following aspects can be included within the limits
of the research: the use of several databases that may have a different methodology of
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data collection, the relatively short period of analysis and the 14 years analysed being the
lower limit for which an econometric regression model is performed. At the same time, it
should be mentioned that the phenomenon of autocorrelation between residuals could not
be eliminated with certainty, with the situation being characterised as indecision.
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