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Abstract 

 

The paper analyzes the state of digitalization in Romanian agriculture, aiming to assess regional gaps in farmsô 

digital maturity. The study pursues two objectives: to develop and validate the Digital Farm Index (DFI) based on 

Eurostat data for 2023, and identify regional profiles of technology adoption in commercial farms (Standard Output 

> ú100,000). The research is guided by two hypotheses: technology distribution is uneven across regions, and 

agricultural specialization influences the type of digitalization. Calculated using asymmetric weights, the indicator 

aggregates four dimensions: connectivity (20%), precision agriculture (35%), robotics (25%), and management 

systems (20%). The results confirm the hypotheses and indicate distinct regional profiles. The North-West region 

records the highest DFI score (25.50), while the Center region leads in automation (38.04%), mainly due to the 

livestock sector. The North -East region stands out at the managerial level (9.27%), whereas South-West Oltenia 

faces severe connectivity gaps (22.54%). Comparatively, the national DFI reaches 20.89 when calculated based on 

the number of farms and 25.83 when calculated based on hectares, demonstrating the concentration of digital 

technologies in large-scale holdings. The study concludes that agricultural policies should be tailored to specific 

regional realities rather than based on uniform approaches. 

 

Key words: Agriculture 4.0, Digital Farm Index (DFI), regional disparities 

  

INTRODUCTION  
 

The transition toward the Agriculture 4.0 

paradigm presents a major stage in the 

transformation of agro-food systems at the 

global level, being characterized by the 

extensive integration of Internet of Things 

(IoT) technologies, Big Data analytics, and 

autonomous solutions into agricultural 

production processes (Verdouw et al., 2021) 

[13].  

At the European level, the objectives set out 

under the Digital Decade 2030 outline 

ambitious strategic directions aimed at 

accelerating the digitalization of rural areas 

and enhancing the competitiveness of the 

agricultural sector (European Comission, 

2021) [5]. Nevertheless, the specialized 

literature suggests the existence of significant 

digital disparities, manifested not only 

between Member States but also internally, 

among agricultural regions characterized by 

different levels of technological development. 

(Say et al., 2018) [9]. In this context, the mere 

availability of digital technologies does not 

automatically lead to improved performance 

of agricultural holdings, which highlights the 

need for multidimensional instruments 

capable of assessing the digital maturity of 

farms. Moreover, when viewed through the 

lens of clasical and contemporary theories of 

economic growth and development, 

technological innovation goes beyond the 

status of a simple quantitative factor, 

representing, in essence, the main driver of 

the structural and qualitative transformations 

of economic systems (ἧtefan, 2012) [12]. In 

Romania, the process of agricultural 

digitalization is currently in a stage of 

consolidation. Although recent bibliometric 

studies indicate an intensification of scientific 

interest in the digitalization of agriculture 

(Stoica et al., 2022) [10], the specialized 

literature points to the absence of adequate 

composite indicators for quantifying 

technological progress at the regional level. 

Digital transformation in the Romanian rural 

space represents a well-founded prerequidite, 

mailto:claudiu.ailioaei@iuls.ro
mailto:dragos.dumitras@iuls.ro
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being closely dependent on the capacity to 

participate in the digital economy and on the 

adaptation of human resources to new 

requirements (BuἪu et al., 2024; IoniἪescu et 

al., 2023) [2,7]. At the European level, the 

literature emphasizes the importance of 

structural and technological factors in 

explaining differences in agricultural 

performance, while technical endowment and 

resource management play a decisive role in 

achieving efficiency objectives (Coca et al., 

2023) [3]. 

At the same time, the implementation of 

digital decision-support systems faces barriers 

related to the economic size of the farm 

(Bodescu et al., 2022) [1], while the 

integration of Big Data flows is becoming a 

strategic necessity for improving the 

efficiency of agricultural management (Cofas, 

2023) [4]. Although there is significant 

potential for the adoption of smart 

technologies, the process of agricultural 

digitalizations is confronted with major 

structural challenges, with technological 

upgrading becoming an essential instrument 

for increasing sectoral competitiveness 

(ἧerban et al., 2025) [11]. The analysis of 

regional disparities shows that the level of 

digital infrastructure and the structural 

speficicities of each region determine the pace 

of technological adoption at the territorial 

level (Popescu et al., 2025) [8]. For 

commercial holdings with a Standard Output 

exceeding ú100,000, digitalization tends to 

become an important determinant of 

competitiveness and economic sustainability. 

Starting from these premises, the main 

objective of the research is to develop and 

apply a rigurous model for evaluating digital 

maturity, operationalized through the Digital 

Farm Index (DFI). Built on a methodology 

based on asymmetric weights, designed to 

reflect the specific agronomic impact of the 

four pillars of digital adoption, and using 

Eurostat data for 2023 [6], the proposed index 

makes it possible to test hypotheses regarding 

the distribution and determinants of 

technology adoption at the regional level. In 

this regard, the study investigates the 

existence of pronounced territorial 

asymmetries between regions with high 

digital performance and regions characterized 

by structural constraints. Moreover, by 

comparatively assessing the index according 

to the number of farms versus the utilized 

agricultural area, the paper analyzes the 

influence of productive specialization and 

economic size on the typology of adopted 

technologies and explores the role of 

connectivity as a potential structural barrier to 

the implementation of advanced precision 

agriculture solutions. 

This integrated approach provides a detailed 

diagnosis of territorial vulnerabilities and 

contributes to the specialized literature by 

proposing a clear and replicable analytical 

framework for monitoring digital 

transformation in emerging agricultural 

economies. Through the comparative analysis 

of the eight NUTS 2 development regions, the 

study highlights the need to design 

differentiated agricultural policies capable of 

responding to the structural specificities and 

level of digital maturity of each region, 

thereby facilitating the reduction of 

technological disparities and the strengthening 

of the agricultural sectorôs competitiveness. 

 

MATERIALS AND METHODS  

 

The research is based on the analysis of data 

derived from the Eurostat database, using 

updated datasets for reference year 2023 

regarding the adoption of technologies in the 

agricultural sector. In order to ensure the 

economic relevance of the results and to 

capture the behavior of holdings with a high 

innovation potential, the analysis is carried 

out exclusively on commercial farms with a 

Standard Output exceeding ú100,000. This 

methodological choice makes it possible to 

reduce the distortions generated by 

subsistence agriculture and to focus the 

analysis on the segment of holdings that 

possess the technical and financial capacity 

required to implement advanced digital 

solutions. The analysis is conducted at the 

level of Romaniaôs eight NUTS 2 

development regions, thus enabling a 

comparative assessment of territorial 

differences in the process of digital 

technology adoption. 
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The evaluation of the digital maturity of 

agricultural holdings was carried out through 

the construction of a composite indicator, the 

Digital Farm Index (DFI), structured around 

four essential dimensions of the technological 

modernization process. The dimensions 

analyzed include: (1) connectivity, assessed 

through the level of internet access among 

holdings; (2) precision agriculture, reflected 

by the use of global navigation satellite 

systems (GNSS) and sensor-based 

technologies; (3) robotics and automation, 

capturing the adoption of drones and 

autonomous equipment; and (4) digital 

management systems, measured through the 

use of Farm Management Information 

Systems (FMIS) applications. For each 

dimension, the basic indicators were taken 

directly as percentages of commercial farms 

in each region that use the respective 

technologies, or as percentages of the 

agricultural area managed through 

technologies. 

To ensure the territorial comparability of the 

raw data provided by Eurostat, the basic 

indicators for each dimension were calculated 

in percentage terms. Specifically, the number 

of farms, or the agricultural area in hectares, 

using a given technology was divided by the 

total number of commercial farms, or to the 

total agricultural area, in the respective region, 

and the result was multiplied by 100. In this 

way, percentage values were obtained, 

reflecting the actual degree of penetration of 

each technology. 

Given that all four indicators used in the 

construction of the DFI are expressed on the 

same percentage scale, with values ranging 

from 0 to 100, the application of a prior 

statistical normalization procedure was not 

necessary. However, unlike traditional 

approaches based on simple averages, the 

present methodological framework employs a 

system of asymmetric weights. Accordingly, 

the composite indicator Digital Farm Index 

(DFI) was determined through the weighted 

aggregation of the four pillars, according to 

the following relationship: 

 
DFI= (P1 x 0.20) + (P2 x 0.35) + (P3 x 0.25) + (P4 x 

0.20) 

where: 

P1 represents the share of farms with internet 

access; 

P2 represents the share of farms using 

precision agriculture technologies; 

P3 represents the share of farms using robotics 

and automation solution; 

P4 represents the share of farms using digital 

farm management systems (FMIS). 

This methodological choice of differential 

weighting was adopted on the premise that not 

all dimensions of digitalization have the same 

capacity to generate direct effects on the 

technical and economic performance of 

agricultural holdings. Internet connectivity, 

although indispensable, primarily represents a 

basic infrastructural condition, which is why it 

was assigned a weight of 20%. By contrast, 

precision agriculture was considered the pillar 

with the most direct agronomic impact on 

input optimization, cost reduction, and the 

increased efficiency of resource use, which 

justifies the highest weight, namely 35%. 

Robotics and automation were assigned a 

weight of 25%, reflecting their significant 

contribution to the efficiency of operational 

processes, especially in specialized holdings. 

Digital management systems (FMIS) were 

weighted at 20%, given their role in 

integrating technological information and 

supporting managerial decision-making, 

although their impact on production is more 

indirect compared with technologies applied 

directly in the field or within automated 

processes. Therefore, the weighting structure 

used aims to differentially reflect the 

estimated contribution of each dimension to 

the digital maturity of agricultural holdings. 

The weights used reflect a conceptually 

grounded analytical choice and do not claim 

to establish a universally valid hierarchy for 

all types of agricultural holdings. The same 

calculation procedure was applied both to 

indicators reported in relation to the number 

of agricultural holdings and to those reported 

in relation to the utilized agricultural area 

(UAA), in order to capture the differences 

between technology adoption at the farm level 

and the territorial extent of digitalization. 

Another methodological innovation of this 

study lies in calculating the DFI from a dual 
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perspective: (1) in relation to the number of 

agricultural holdings and (2) in relation to the 

utilized agricultural area (hectares). This dual 

approach is essential for isolating the effect of 

economic size and for capturing structural 

differences, namely whether technology is 

adopted on a broad scale across farms in 

general or whether it is concentrated primarily 

in large-scale holdings. 

The resulting values were subsequenlty 

subjected to a comparative regional analysis, 

with the aim of identifying the predominant 

patterns of technology adoption and testing 

hypotheses regarding the influence of 

agricultural specialization, for example 

livestock farming versus crop production, on 

the structure of digitalization process. The 

proposed methodology provides a clear and 

replicable analytical framework capable of 

supporting the folumation of evidence-based 

regional agricultural policies aimed at 

reducing digital disparities and accelerating 

technological convergence. 
 

RESULTS AND DISCUSSIONS 

 

The results obtained from processing Eurostat 

data (2023) reveal a national configuration 

characterized by pronounced technological 

fragmentation among commercial farms in 

Romania. The analysis targets the segment of 

holdings with a Standard Output exceeding 

ú100,000, and the results indicate that 

digitalization does not represent a 

homogeneous process, but rather one marked 

by divergent regional priorities. Before 

aggregating the indicators into a composite 

index, the analysis of the individual 

components (Table 1) highlights a 

differentiated territorial distribution of digital 

innovation, in which basic infrastructure and 

advanced technologies evolve at distinct 

paces. 

 
Table 1. Regional adoption rates of digital technologies in Romanian commercial farms (SO > 100,000 ú) 

Region 

Nuts 2 

 

Farms with internet 

access (%) 

Precision agriculture 

adoption (%) 

Robotics and 

automation (%) 

Farm management 

systems (%) 

North -West 60.25 15.53 28.57 4.35 

Center 51.63 9.24 38.04 3.26 

North - East 53.17 18.05 21.46 9.27 

South -East 55.46 15.34 8.26 7.37 

South Muntenia 53.20 16.84 11.78 5.72 

Bucharest- Ilfov 46.15 7.69 7.69 3.85 

South ïWest Oltenia 22.54 17.61 11.27 2.11 

West 48.98 12.24 10.88 4.08 

Source: authorsô own processing based on Eurostat data, 2023. 

 

The analysis of the regional distribution of 

digitalization indicators at the level of 

commercial holdings highlights a spatial 

configuration marked by pronounced 

heterogeneity, defined by divergent 

investment priorities and specialization 

profiles. The raw data show that the 

modernization process of Romanian 

agriculture is characterized by a 

heterogeneous technological configuration 

across the analyzed regions. 

Connectivity currently represents the main 

structural barrier fragmenting the national 

agricultural landscape. The sharp contrast 

between the North-West Region (60.25%) and 

the South-West Oltenia Region (22.54%) 

indicates the existence of structural digital 

disparities at the level of basic infrastructure. 

This discrepancy of more than 37 percentage 

points suggests that, in the absence of stable 

access to communication networks, a 

substantial share of commercial farms in the 

southern area is excluded from the benefits of 

integration into cloud-based ecosystems or 

real-time data transfer, thereby severely 

limiting the scalability potential of digital 

innovations. 

With regard to robotics and automation, the 

data confirm the hypothesis that the regional 

production profile acts as a catalyst for the 

typology of technologies adopted. The 

particular situation of the Center Region, 

which records an adoption rate of 38.04%, 

represents an indicator of the maturity of the 
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commercial livestock sector in this territory. 

In the context of intensive livestock farming, 

investments have been directed primarily 

toward the automation of production 

processes, such as autonomous milking or 

feeding systems, thereby generating a distinct 

technological profile compared with regions 

dominated by crop farms, where interest in 

robotic solutions remains, for the time being, 

marginal. 

 

 
Fig. 1. Regional adoption rates of digital technologies in Romanian commercial farms (SO > 100,000 ú) 

Source: authorsô own processing based on Eurostat data, 2023. 

 

The analysis of the digital management 

(FMIS) and precision agriculture pillars 

highlights the North-East Region as the 

benchmark for the professionalization of data-

driven decision-making. Although it does not 

hold the leading position in the connectivity 

pillar, this region ranks first in the use of farm 

information management systems (9.27%) 

and precision technologies (18.05%). This 

convergence indicates a transition toward a 

data-driven management model, specific to 

large-scale crop holdings seeking rigorous 

input optimization. A paradoxical situation 

can be observed in the South-West Oltenia 

Region, where the adoption rate of precision 

agriculture (17.61%) contrasts sharply with 

the deficit in internet infrastructure. This 

situation suggests a model of digitalization 

focused on smart hardware, such as GNSS 

systems with partially offline functionality, 

which, although improving the efficiency of 

mechanized operations, remains vulnerable 

due to the lack of integration into complex 

data flows. The analysis of the figure shows 

that the digitalization of commercial farms in 

Romania remains a selective process, 

concentrated mainly in certain categories of 

holdings and regions. The North-West 

provides the infrastructural base, the Center 

dominates physical automation, while the 

North-East stands out in terms of managerial 

maturity. This asymmetric distribution fully 

justifies the need for differentiated 

agricultural policies capable of addressing the 

specific bottlenecks of each region in order to 

ensure sustainable technological convergence. 

For a deeper understanding of the structural 

impact of digital technologies, the analysis 

was extended from the number of holdings to 

the utilized agricultural area (UAA). This 

perspective highlights a process of 

technological concentration, in which, 

although the share of digitalized farms may 

appear relatively modest, their contribution to 

the total agricultural area is considerably 

higher. The results confirm that large-scale 

holdings represent the main drivers of 

modernization, generating a disproportionate 

effect on the dynamics of digital 

transformation within the agricultural sector. 
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Table 2. Share of utilized agricultural area (UAA) managed through digital technologies in Romanian commercial 

farms 
Region 

Nuts 2 

 

Farms with internet 

access (%) 

Precision agriculture 

adoption (%) 

Robotics and 

automation (%) 

Farm management 

systems (%) 

North -West 66.44 21.24 23.09 7.37 

Center 51.96 11.88 24.83 4.21 

North - East 59.93 25.22 21.46 13.61 

South -East 64.73 26.62 10.79 12.57 

South Muntenia 61.77 26.53 16.00 10.43 

Bucharest- Ilfov 45.52 9.37 11.81 0.00 

South ïWest Oltenia 30.99 25.01 13.77 3.58 

West 56.98 20.79 11.52 8.03 

Source: authorsô own processing based on Eurostat data, 2023. 

 

Extending the analysis from the level of 

individual holdings to the utilized agricultural 

area (UAA) provides an essential structural 

perspective, revealing a much broader spatial 

footprint of digitalization than is suggested by 

the mere share of the number of farms. 

This approach confirms the manifestation of a 

scale effect in Romanian agriculture, where 

large commercial holdings act as the main 

vectors for the diffusion of Agriculture 4.0 

technologies, generating economies of scale 

and optimizing production processes over 

extensive areas. 

The analysis of the connectivity pillar at the 

area level reflects a strengthening of digital 

infrastructure in the plain regions and the 

western part of the country. 

 

 
Fig. 2. Share of utilized agricultural area (UAA) managed through digital technologies 

Source: authorsô own processing based on Eurostat data, 2023 

 

The North-West Region maintains its leading 

position, with internet coverage across 

66.44% of the agricultural area, followed 

closely by the South-East (64.73%) and South 

Muntenia (61.77%). This generalized increase 

in connectivity indicators reported per hectare 

compared with those reported per farm 

suggests that large farms have managed to 

overcome rural infrastructure barriers through 

their own investments in dedicated 
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communication solutions. In constrast, the gap 

remains visible in South-West Oltenia, where 

only 30.99% of the area benefits from internet 

access, confirming the persistence of a major 

territorial vulnerability. 

A particularly relevant dynamic can be 

observed in the precision agriculture pillar, 

where the hierarchy shifts in favor of the large 

cereal-growing areas in the south. The South-

East (26.62%) and South Muntenia (26.53%) 

regions take the lead, demonstrating that 

GNSS ï and sensor-based technologies are 

integrated primarily into large crop farms, 

where precision in the application of inputs 

per hectare becomes a critical factor of 

competitiveness. The technological upgrading 

effort in South-West Oltenia is also 

noteworthy, as precision systems are used 

across one quarter of its agricultural area 

(25.01%), despite the major connectivity 

deficit mentioned above. 

With regard to robotics and automation, the 

hectare-based data provide a more nuanced 

view of the profile of the Center Region. 

Although it remains the leader (24.83% of 

UAA), a convergence can be observed with 

the North-West (23.09%) and North-East 

(21.46%) regions. This indicates that, 

although robotization is driven primarily by 

livestock farming at the level of individual 

holdings, from a spatial perspective 

automation is beginning to cover significant 

areas also in advanced crop and horticultural 

sectors as well. The farm management 

systems (FMIS) pillar confirms the 

managerial maturity of the North-East Region, 

where 13.61% of the regional agricultural area 

is managed through specialized software. This 

value, reinforced by the solid performances of 

the South-East (12.57%) and South Muntenia 

(10.43%) regions, highlights the strategic 

orientation of large-scale holdings toward the 

digital control of costs and production flows. 

In conclusion, the hectare-based analysis 

demonstrates that digitalization in Romania 

has a much deeper territorial impact in large-

scale crop production areas. 

This reality is reflected in the first-place 

ranking of the North-East Region in the DFI 

calculated at the level of utilized agricultural 

area, with a score of 28.90. While at the farm 

level digitalization appears to be a fragmented 

process, the spatial perspective reveals a 

concentration of innovation in the major 

agricultural poles, highlighting the need for 

policies that also support the technological 

transition of medium-sized holdings in order 

to reduce the current technological 

polarization. The comparison between the 

data presented in Table 1 (farms) and Table 2 

(utilized agricultural area) highlights a series 

of relevant trends concerning the structure of 

the digitalization process in Romanian 

agriculture. A significant increase in the 

indicators can be observed when they are 

reported in relation to area. In the South-East 

region, although only 15.43% of farms use 

precision agriculture technologies, these farms 

manage 26.62% of the regional agricultural 

area. This discrepancy confirms that, in plain 

areas, GNSS- and sensor-based technologies 

are adopted primarily by large crop farms, 

where the optimization of inputs over 

extensive areas generates significant 

economies of scale. Unlike precision 

agriculture, the robotics pillar presents a 

distinct configuration. Although 38.04% of 

farms use automation solutions (Table 1), the 

corresponding area amounts to only 24.83%. 

(Table 2) This result confirms the livestock-

specific profile of the region, where 

robotization is concentrated in intensive 

holdings managing a high number of animals 

on relatively smaller agricultural areas. 

The North-East Region highlights an efficient 

use of digital management technologies, as 

the share of agricultural area managed through 

FMIS systems (13.61%) significantly exceeds 

the share of farms using these solutions 

(9.27%). This result indicates that large 

commercial holdings have advanced toward a 

data-driven agricultural management model, 

using digitalization to optimize performance 

over extensive areas. 

The region with the lowest level of 

connectivity (30.99% of UAA), South-West 

Oltenia, displays a relatively high rate of 

precision agriculture adoption at the area level 

(25.01%). This configuration suggests an 

orientation toward investments in smart 

hardware technologies, such as autoguidance 

systems, which make it possible to 
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compensate for the limitations of digital 

infrastructure and contribute to the 

digitalization of a significant share of the 

agricultural area. 

Digital Farm Index (DFI) for Agricultural 

Holdings 

The calculation of the composite Digital Farm 

Index (DFI) at the level of agricultural 

holdings highlights the hierarchy of digital 

maturity within Romaniaôs commercial 

agricultural sector. As it is determined 

through the application of asymmetric 

weights, which favour technologies with 

major agronomic impact, such as precision 

agriculture and robotics, the DFI score reflects 

the actual level of digitalization at the regional 

level and provides an integrated perspective 

on the territorial distribution of the 

technological transformation process (Figure 

3). The results presented in Figure 3 highlight 

a configuration of digital maturity that 

confirms the influence of structural profiles 

and regional investment priorities. At the 

national level, the average DFI calculated on 

the basis of the number of farms is 20.89. The 

North-West Region ranks first nationally, 

with a DFI score of 25.50, reflecting a 

relatively high and balanced level of digital 

adoption, supported both by a solid 

infrastructural base, namely connectivity, and 

by a high degree of integration of automation 

solutions. 

An important shift in the hierarchy can be 

observed in second place, occupied by the 

North-East Region with a score of 24.27. 

Owing to the new methodology, which gives 

greater weight to digital management systems 

(FMIS) and precision agriculture, this region 

surpasses the Center Region. The latter ranks 

third, with a score of 23.72, its digital profile 

being driven almost exclusively by the 

robotics pillar, which is specific to livestock 

specialization, but constrained by weaker 

performances in the field of precision 

agriculture. 

 

 
Fig. 3. Digital Farm Index  for agricultural holdings 

Source: authorsô own processing based on Eurostat data, 2023 

 

In the middle range of the ranking are the 

South-Muntenia (20.62) and South-East 

(20.00) regions, both of which are situated 

very close to the national average. In these 

regions, the adoption of precision 

technologies contributes to supporting the 

digitalization process; however, the overall 

integration of the four pillars remains more 
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limited across the broader mass of farmers 

compared with the leading regions. The West 

(17.62), Bucharest-Ilfov (14.61), and South-

West Oltenia (13.91) regions record the 

lowest levels of the DFI. In the case of the 

South-West Oltenia Region, the low score 

reflects the major connectivity deficit, which 

acts as a constraint on the integration of 

complex digital solutions. 

Therefore, the results confirm that the digital 

maturity of commercial farms in Romania is 

not distributed uniformly. The DFI calculated 

at the farm level shows that, despite the 

existence of certain òislandsò of technological 

excellence, the critical mass of holdings still 

faces structural and investment-related 

constraints in the adoption of advanced 

technologies. 

Digital Farm Index (DFI) for Utilized 

Agricultural Area (UA A) 

The calculation of the composite index in 

relation to the utilized agricultural area (UAA) 

fundamentally changes the perspective of the 

analysis, highlighting the actual extent of 

technologies across managed agricultural 

land. Reporting the weighted pillars to area 

makes it possible to isolate the scale effect 

and brings to light the gap between 

technology adoption at the unit level (farm) 

and its spatial magnitude hectares (Figure 4). 

The results presented in Figure 4 highlight a 

visible intensification of digitalization when 

the analysis is reported in relation to 

agricultural area. The national average of the 

DFI increases significantly from 20.89 at the 

farm level to 25.83 at the hectare level. The 

difference of nearly five points indicates that 

high-performance digital technologies are 

adopted primarily by large-scale holdings, 

which manage extensive areas and generate a 

disproportionately large impact on the 

technological transformation of the 

agricultural sector. 

 

 
Fig. 4.  Digital Farm Index (DFI) by utilized agricultural area (hectares) 

Source: authorsô own processing based on Eurostat data, 2023. 

 

The North-East Region consolidates its 

leading position at the national level, with a 

DFI score 28.90, confirming that digital 

innovation is integrated across an extensive 

agricultural area. This result reflects the 

regionôs superior performance in the precision 

agriculture pillar, which carries a weight of 

35% in the index, as well as in the digital 

management pillar. The North-West Region 

remains at a very high level, ranking second 

with a score of 27.96, thereby demonstrating a 

balanced spatial diffusion of all four 

technological pillars. However, the most 

remarkable dynamic is observed in the large 

cereal-growing areas of the south: South-

Muntenia (27.73) and South-East (27.47) rise 

sharply in the ranking and exceed the national 

average. These results highlight that, although 

the number of digitalized farms in these areas 

is lower, satellite-guidance systems and 
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sensor-based technologies, namely precision 

agriculture, are applied across vast 

agricultural areas. 

A downward reconfiguration can be observed 

in the Center Region (21.60), which loses 

competitive advantages when the analysis 

shifts from farms to hectares. This decline 

validates the hypothesis that robotics in the 

Center Region is specific to intensive 

livestock holdings, whose land footprint, 

measured in hectare, is much smaller 

compared with crop farms in the Southern and 

Eastern parts of the country. At the lower end 

of the ranking are the West (23.16), South-

West Oltenia (19.11), and Bucharest-Ilfov 

(15.34) regions. Even in the case of South-

West Oltenia, an improvement in the hectare-

based score can be observed compared with th 

efarm-based score, supported by hardware-

based self-guidance technologies, although 

the regions remain constrained by the lack of 

internet infrastructure. 

Therefore, the UAA- based DFI analysis 

demonstrates that the digitalization of 

commercial agriculture in Romania is 

profoundly asymmetric. Costly and advanced 

technologies are strongly concentrated in 

large-scale holdings that use precision 

agriculture to generate economies of scale, 

leaving the rest of the agricultural sector in a 

state of technological vulnerability. 

 

CONCLUSIONS 

 

The present research has made it possible to 

substantiate a multidimensional analysis of 

digital maturity in Romaniaôs commercial 

agricultural sector, offering a rigorous 

perspective on the way technological 

innovation is territorially distributed. By 

developing and applying the composite 

Digital Farm Index (DFI), based on an 

innovative system of asymmetric weights, the 

study has gone beyond the simple statistical 

monitoring of technology adoption and has 

proposed an analytical instrument capable of 

capturing the structural mechanisms that 

influence the pace of digital transformation at 

the regional level. Synthesizing the results 

obtained, the conclusions of the research can 

be structured along several levels of impact: 

First, the results confirm the existence of 

significant territorial asymmetries in the 

process of digitalizing commercial agriculture 

in Romania. The analysis has shown that the 

presence of internet connectivity, although it 

constitutes a basic infrastructural condition, is 

not sufficient in itself to achieve a high level 

of digital maturity. The contrast between 

regions with superior performance and those 

still at an early stage, such as South-West 

Oltenia, indicates the existence of structural 

disparities that affect the coherent integration 

of technologies with major agronomic impact 

and limit technological convergence at the 

national level. 

Second, the study confirms the role of 

productive specialization as a major 

determinant of the regional technological 

profile. The distinct configuration of the 

Center Region, which stands out through high 

levels in the robotics pillar, highlights the 

orientation of investments toward solutions 

specific to intensive livestock holdings. By 

contrast, regions dominated by large-scale 

crop production tend to rely primarily on 

precision agriculture technologies and digital 

management tools (FMIS), demonstrating that 

technological adoption is closely shaped by 

the operational needs of the dominant 

production profile. 

The central aim of the paper lies in the precise 

quantification of the scale effect, achieved 

through the comparative analysis of indicators 

reported in relation to the numer of holdings 

versus the utilized agricultural area (UAA). 

The results show that digitalization has a 

much stronger territorial expression when 

reported in relation to area: the national 

average of the DFI increases significantly, 

from 20.89 when calculated on the basis of 

the number o farms to 25.83 when calculated 

on the basis hectares. This substantial 

difference validates the hypothesis that costly 

digital innovations are strongly polarized, 

being concentrated in large-scale agricultural 

units capable of making optimal use of 

economies of scale. 

From a regional perspective, the DFI rankings 

indicate differentiated digital profiles. The 

North-West Region holds the first position in 

te ranking calculated at the level of 
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agricultural holdings (DFI: 25.50), reflecting a 

balanced combination of the four pillars of 

digitalization across the broader population of 

farmers. By contrast, the North-East Region 

leads the analysis reported in relation to 

utilized agricultural area (DFI: 28.90), 

confirming the extensive integration of 

precision agriculture and management 

systems across vast agricultural areas. These 

results show that digital leadership manifests 

in distinct forms: either through technology 

penetration across a large number of medium-

sized farms, or through its concentration on 

the extensive areas managed by the major 

actors in the market. 

In conclusion, the paper underscores the 

urgent need to regionalize agricultural policies 

aimed at digital transformation. The results 

support the abandonment of uniform national 

strategies in favor of support measures 

tailored to the specific vulnerabilities and 

advantages of each region, namely urgent 

investments in communication infrastructure 

for disadvantaged areas, such as South-West 

Oltenia, as well as managerial integration 

programs and targeted support for medium-

sized farms in polarized regions. In this 

context, the Digital Farm Index represents a 

robust and flexible analytical instrument that 

can be extended in future research through the 

inclusion of variables related to digital skills, 

economic performance, or the ecological 

sustainability of agricultural holdings, thereby 

providing support for an equitable transition 

toward Agriculture 4.0. 
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Abstract 

 

Bulgaria have joined the European union in 2007 alongside Romania. Ever since the process of accession have 

been completed the country was on track to join the eurozone and adopt the Euro as its currency, foregoing the 

longstanding (since 1880) national currency of Bulgarian LEV. After the fulfilment of conditions to join the 

Eurozone Bulgaria is adapting the Euro on the 1st of January 2026. This transition has consumers concerned about 

price increases for foods and consumer goods. Bulgaria, since its accession to the EU have gradually transitioned 

form net food exporter to net food importer with a high ratio of fresh fruits and vegetables, livestock products and 

processed foods currently being imported.  The goal of this study is to analyse consumerôs perception of their food 

security during the initial period of adopting the Euro as a national currency in Bulgaria. The study is conducted 

among consumers form the Southeast region of the country. To achieve this goal the following tasks are completed: 

to collect survey data from consumers on their perceived levels of food security; to draw conclusions based on 

statistical analysis of the collected data; and to suggest guidelines for future surveys to facilitate the continued data 

collection and analysis. The conducted survey results prove that consumers have felt the inflationary process of 

currency transition at a much higher rate than the actual recorded values ï 13% vs. 3.8%. The perceived inflation 

does not affect the food security of most households, as almost two thirds if surveyed consumers will not change 

anything about their food purchasing patterns. A further study is needed to access the consumer perception when 

more time have passed. 

 

Key words: food prices, consumer perception, inflation, monetary transition  

 

INTRODUCTION  

 

The analysis of the discourse of food security 

in the European Union requires a deeper look 

at how macroeconomic changes, including 

currency integration, increase the 

vulnerability of regional supply chains 

(Matejkova et al., 2024; Trasca et al., 2025) 

[11, 15]. 

In particular, the institutional frameworks 

need to be assessed to comprehend how the 

domestic policy responses alleviate the effects 

of a price volatility on the availability of 

essential products (Ivanova, L, 2006; 

Zawojska & Siudek, 2025) [7, 16].  

Price stability is one of the core pillars of this 

integration because any monetary policy 

fluctuations can have a disproportionate 

impact on the most vulnerable groups of 

people and undermine the food security of 

households (Dovgal, 2022) [5].   

In this regard, the fact that strategic measures 

are implemented to optimize monetary 

transmission mechanisms and increase the 

technological modernization of production 

becomes crucial to the anchoring of long-term 

inflationary expectations (Dovgal, 2022) [5].  

The 2020s-era shift to sustainability, 

innovation, and domestic supply chain 

strengthening has marked the development of 

Bulgarian food production. The National 

Development Program of Bulgaria 2030 steers 

such an evolution and significantly 

emphasizes the establishment of structural and 

sectoral balance in the field of agriculture. 

One of the key elements of this plan is the 

National Plan of Recovery and Sustainability 

that makes the green Bulgaria and sustainable 

agriculture one of the primary objectives of 

the present decade. These reforms will be 

aimed at bringing the Bulgarian agrarian 

sector to the international commitments in 

terms of the Sustainable Development Goals, 

the European Green Deal, which is 

encouraging farmers to implement 

technological and digital solutions to enhance 

climate and environmental performance. The 

sector vision of 2030 will be to position 
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Bulgaria as a leader of bioproducts 

production, specializing in food, cosmetic, 

and pharmaceutical products based on 

Bulgarian raw materials. This project focuses 

on producing high-quality and clean food and 

preserving the thematic sector of the industry 

to healthy living, bioeconomy, and 

biotechnology. The strategic map of 2021-

2027 focuses on the means of increasing 

access to end-users to the clean production, 

processing, and storage of certain Bulgarian 

ingredients to achieve this vision.  

The creation of small and family farms has 

become one of the key priorities in the 

European Union because they constitute about 

80-90 percent of the formations of the 

agricultural sector (Toma et al., 2021) [14]. 

The present-day EU policies are currently 

geared towards enhancing the competitiveness 

of such farms to protect the regional food 

systems against international supply shocks 

and drastic price fluctuations, even though 

such farms were traditionally oriented towards 

the personal or local market needs (Brankov 

and Matkovski, 2022; Toma et al., 2021) [3, 

14]. It is especially important since the prices 

of agricultural input and energy doubled in 

2020-2022, and it immediately endangered the 

economic sustainability of smaller producers 

who are frequently net-sellers of agricultural 

goods (Bureau & Swinnen, 2017; Kornher et 

al., 2024) [4, 8]. To realize the economic 

potential of these farms, the national 

interventions have to take care of the risks of 

changing climatic conditions and increasing 

production costs in order to ensure stable food 

supply (Matejkova et al., 2024; Toma et al., 

2021) [10, 14]. 

Under the wider EU context, the effect of 

increase in food prices has tipped the core 

issue on the food supply into the affordability 

of food. Although the EU is mostly well-

endowed with enough agricultural reserves 

and is also a net exporter, the soaring food 

prices since 2021 have greatly reduced the 

purchasing power of low-income earners in 

some of the Member States. The 2022 

Versailles Declaration and the Common 

Agricultural Policy, in turn, have presented 

measures to decouple the reliance on imported 

fertilizers, of which 31 per cent of nitrogen 

came out of Russia, and offered financial aid 

to stabilize the food system (Andreica et al., 

2023) [1]. These strategic frameworks aim at 

reducing the effects of inflation on food 

accessibility, so that the elevated prices do not 

reduce to chronic food insecurity of 

vulnerable European populations. 

In this context, the purpose of this research is 

to assess the perception of food security by 

Bulgarian consumers during the initial period 

of adopting the Euro as a national currency in 

Bulgaria. A study case was made on a panel 

of consumers from the South-East part of the 

country. 

 

MATERIALS AND METHODS  

 

The current paper uses mixed methods to test 

the hypothesis of linking currency integration 

and consumer food security in Bulgaria. The 

real-time perceptions of price volatility and 

expenditure changes were measured by the 

quantitative data which was collected in the 

form of the structured questionnaires carried 

out among the representative group of local 

households in the Southeast region of the 

country. The time constraints connected with 

the studied topic ï consumer price change 

perceptions created a limitation for higher 

survey participation. The survey was 

completed through the last week of January 

and first week of February 2026 ï from 

26.01.2026 to 08.02.2026. Any extension of 

the survey period would have led to collection 

of data that might distort the results, that are 

meant to provide a snapshot of consumer 

perception for a specific period ï the 

beginning of the full integration of the 

common currency ï euro in Bulgaria in 

January of 2026. The survey was developed 

digitally with participants mainly form the 

southeast region of the country. The electronic 

questionnaire was disseminated through 

multiple channels, including social media, in 

person - through QR codes among part time 

students form Trakia University, and other 

means of digital distribution. Data was 

collected from 156 participants that indicated 

a wide variety in age groups, household sizes, 

food budgets and other characteristics of 

respondents. The small number of participants 
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and the selected survey method ï digital 

distribution to willing participants weakens 

the representativeness of the results, but still 

some conclusions can be drawn. In the future 

a larger scale survey is planned to verify and 

add to the results achieved by the current 

study.   

The data reconciliation or triangulation 

methodological approach of using a pairing of 

statistical data to survey findings is aimed at 

confirming the subjective consumer 

perceptions with a pair of objective 

macroeconomic variables. This is necessary in 

the process of discovering whether the issue 

of public concerns (like food security in 

currency transitions) are endorsed by 

empirical economic patterns. 

The major purpose of selected research 

methods is to apply official statistical 

measures as a reference point or benchmark to 

compare findings of surveys (Marchetti et al., 

2015) [10]. In the literature on the Bulgarian 

food market, the researchers provide 

comparisons of particular data on consumer 

perception surveys with the official indices, 

including the Total Producer Price Index of 

Food and Harmonised Consumer Price Index 

of Food (Borisov, 2022) [2]. 

To compare the two sets of data, it is 

necessary to use certain mathematical tools to 

determine whether the observed relationships 

are significant. Using Pearson coefficient to 

measure the strength and direction of 

relationship between subjective survey-based 

perceptions of price volatility and other 

relevant consumer characteristics. 

It is a technique that is frequently associated 

with time comparison, i.e., the contemporary 

survey outcomes are compared to past 

statistical numbers, with the aim to detect the 

behavioural change or the lack of such 

(Kramolis, 2015) [9]. 

The key aspect of this methodology is to find 

out where subjective perception is out of line 

with objective data. Compared to the 

statistics, which may indicate the presence of 

stability, a survey may indicate a high level of 

perceived insecurity based on such factors as 

price fluctuations or low income (Trasca et 

al., 2025) [15]. Their comparison helps the 

researchers to learn about the physical and 

psychological issues related to food access 

that can remain unnoticed with the help of 

official price indices (Matejkova et al., 2024) 

[11]. 

 

RESULTS AND DISCUSSIONS 

 

Consumer perception of food security is 

tightly connected to their perception of food 

prices and budgetary constraints. Low-income 

earners are more likely to be impacted by any 

inflationary process and at higher risk 

concerning food security. This connection 

requires a study of consumer perception of 

food price fluctuations and their related 

reactionary strategies. 

Consumer prices for most food groups on the 

Bulgarian market are on an incline through 

2025, and consumer did already feel the 

inflationary pressure on their budgets, based 

on data from Eurostat database [6]. Some food 

groups are more affected, such as bread and 

cereals, meat and meat products, dairy and 

dairy products. These key products formulate 

a large portion of the food consumption 

basket for low-income households, and thus 

they are more impacted by these changes.  
 

Table 1. Harmonised index of consumer prices in 

Bulgaria, in %, 2015 used as base  

  Jun-25 Aug-25 Oct-25 Dec-25 

Bread and 

cereals 143.82 144.64 144.58 144.78 

Meat 145.44 146.93 148.1 148.35 

Milk, cheese 

and eggs 148.96 149.95 150.13 149.53 

Oils and fats 169.45 168.33 165.52 160.92 

Fruit 157.14 151.6 150.85 148.95 

Vegetables 152.33 150.97 149.53 153.07 

Coffee, tea 

and cocoa 149.66 153.97 154.3 153.91 

Food 148.31 148.45 148.5 148.62 

Source: EUROSTAT Database [6]. 

 

The harmonised index of consumer prices for 

food products throughout the second half of 

2025, available in the Eurostat database is 

presented in Table 1. This period marked the 

beginning of the transition for local currency 

of Bulgarian LEV (BGN) to the common 

European currency of EURO (EUR). During 

the latter half of 2025 all prices in physical 
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stores and online ware shown in both 

currencies (with BGN prices on top and EUR 

prices in the bottom) so consumers can adjust 

their expectation and can build up familiarity 

and confidence. 

While starting from the beginning of February 

2026 only EUR is accepted in all forms of 

payment in the country both prices will 

continue to be displayed (currently with EUR 

prices on top and BGN prices in the bottom) 

in both currencies. 

During the last two quarters of 2025 consumer 

prices for food, averaged among different 

products, have barely changed, marking an 

increase of 0.31%, using the 2015 prices as a 

base. The highest increase in consumer prices 

was recorded for Coffee, tea and cocoa ï 

4.25%, followed by meat ï 2.91%. During the 

same period there are also products, that have 

decreased in price, such as Oils and fats ï 

8.53% and Fruits by 8.19%. Overall, the 

available statistical data shows that consumers 

should not feel any inflationary pressure on 

their food budgets for the latter half of 2025, 

as the prices on average have not increased 

meaningfully.  

Statistical data for consumer price changes in 

the beginning of 2026 is only available 

through the studies and monitoring conducted 

by the National statistical institute of the 

Republic of Bulgaria, at the time of 

conducting of this study.  

The data presented in Table 2 shows the 

change in average prices for major consumer 

expenditure groups on a yearly basis. 

The consumer prices for food have increased 

form February 2025 to February 2026 by 

3.8%, with 0.8% of that increase have been 

recorded through 2025 (February to 

December). 

Including both data resources, a conclusion 

can be drawn, that the average increase in 

consumer prices for food products in the first 

two months of 2026 is not higher than 3%. 

This increase of 1.5% per month is far more 

pronounced than any increase in 2025 and can 

be felt by some consumers and decrease their 

consumer confidence, as well as raise the 

question of their food security if the trend 

continues. This inflationary process can be 

expected during periods of transition and is 

monitored closely by government and non-

government institutions. 

 
Table 2. Annual consumer price change for consumer 

goods and services (from February 2025 to February 

2026) 
Consumer goods and services Annual change in 

consumer prices (in % 

from February 2025 to 

February 2026) 

Average 2.9 

Food products and soft drinks 3.8 

Clothing & Footwear -1.4 

Housing, water, electricity, gas and 

other fuels 

2.6 

Household furnishings, goods and 

services for the usual maintenance 

of the home 

4.3 

Healthcare 1.7 

Transport 0.7 

Information and communication 1.6 

Entertainment, sports and culture 1.4 

Personal care, social protection and 

miscellaneous goods and services 

0.3 

TOTAL:   

Food 3.8 

Non-food 1.8 

Source: National Statistical Institute of Bulgaria 

Database [12]. 

 

Media, being traditional or digital, have also 

focused on monitoring consumer prices and 

have focused consumerôs attention on any 

price deviation during the studied period. This 

uninterrupted flow of information on price 

changes has led to a low consumer 

confidence, and price increase expectation. 

Some retailers have relayed on these 

expectations and in term increased their prices 

and in doing so have fed the process loop. 

Some price increases can be justified by the 

seasonal characteristics of some food groups 

that are largely imported ï fruits, vegetables, 

some meats and especially fish. The uncertain 

geopolitical and macroeconomic environment 

in the first two months of 2026 have also 

added to this process with some suppliers 

increasing prices to recoup their increased 

expenses for safety stock and insurances. The 

survey was conducted at during the 3rd and 4th 

week of February 2026, and consumers had 

access to a large amount of available 

information. The first set of questions ware 

focused on their perception of price increases, 
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if they think there are any at all. In Figure 1 

the average results for all surveyed consumers 

are presented as perceived percentage price 

changes ï positive or negative. 
 

Fig. 1. Average price increase for different food groups 

from September 2025 to February 2026 according to 

surveyed consumers, in percentages 

Source: Calculated results based on the survey data. 

 

Surveyed consumers have stated that price for 

food products have increased by 13.01% 

between September 2025 and February 2026, 

while the actual change was under 3%. 

Participants have felt the increase as over four 

times stronger than the actual data shows. 

This can be accredited to the significant media 

focus on all singular cases of price increase, 

thus creating a certainty in consumers there is 

such an increase. The highest average 

numbers are recorded for fruits and 

vegetables, due to the imported character of 

these goods, and their higher-than-average 

prices, as compared to the summer months 

when local fruits and vegetables are available 

on the market. The lowest numbers are related 

to bread and cereals and are justified by the 

large ratio of these products in Bulgarian food 

consumption and tradition, and thus their 

higher frequency of purchase and closer price 

monitoring, both institutional and individual. 

Overall, almost all food groups have a higher 

than 10% evident price increase according to 

surveyed consumers.  

The perceived price increase might lead to 

restriction on the food budgets of some 

consumers, and especially those with lower 

incomes and no access to supplementary 

services or own food production. These 

vulnerable groups will face food security 

issues if the consumer prices have increased 

by 13% during the studied period. The 

question of food security was raised in the 

survey by requiring consumers to provide 

information on their choice of reducing the 

purchase and consumption of any or all food 

groups, due the perceived price changes. The 

results are presented in Figure 2 as an average 

for all respondents. The sum of all responses 

is higher than 100%, since consumers that 

state they will lower the purchase and 

consumption of food can select multiple food 

groups. 

 

Fig. 2. Consumer attitudes towards food consumption 

reduction, due to price increase for different food 

groups from September 2025 to February 2026 

according to surveyed consumers, in percentages 

Source: Calculated results based on the survey data. 
 

The collected survey data shows that 60% of 

all surveyed consumers will not change 

anything in their purchasing patterns. This 

result illustrates that although consumers feel 

food prices are increased as evident by 

surveyed data, that did not lead to a 

significant enough increase in their food 

budget, and thus they have not felt economic 

pressure to change their consumption. 

Another explanation is associated with the 

very low price elasticity of food products, that 

do not decrease in sales with raising of the 

prices. In order for that explanation to be true 

consumers would state that they will lower 

consumption of more expensive products, 

such as meat, fresh fruits and vegetables, 

while increasing the consumption of basic 

foods like bread and cereals. The survey 

results do not support that hypothesis and on 

the contrary shows that consumers state that if 

anything, they will lower the consumption of 

bread to a higher degree than the far more 

expensive fresh vegetables. This result 

demonstrates the first hypothesis, that 
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consumers perceive the prices as increased, 

but do not feel the budgetary constraints due 

to the reality of far lower, although not 

insignificant, consumer food price increase. 

This process of false price perception was 

expected by experts in academia and in 

government institutions and has led to the 

development of multiple information sources, 

as well as a special Internet portal 

(https://foodprice.bg/) [17]  that clearly shows 

all consumers data on the price dynamics of 

multiple food products in all regions of the 

country. The collected surveyed data shows 

that consumers have to a large degree not 

approached such information sources and 

relay on popular media, that due to its 

incidental case presentation character, can 

mislead their perceptions.  

Price perception can also change with the 

increase of volumes purchased and consumed. 

In order to study this process Pearsonôs 

correlation is calculated between the size of 

the household and the consumer price 

perceptions, with the expectation of larger 

households purchasing and consuming larger 

amounts of food products. The correlation 

data is presented in Table 3. 

The highest positive correlation is evident for 

smallest households with largest food budgets 

that have felt the price of bread and cereal, 

milk products and eggs, oils and fats, fruits 

and vegetables increase. It is expected of this 

group of consumers with high budgets to react 

more accurately for food groups with higher 

relative prices per calorie ï fresh fruits and 

vegetables, meat and fish, while being 

uninterested with lower priced foods as bread 

and cereals. 

 
Table 3. Pearsonôs correlation calculated for monthly food budgets and consumer perception of price increases 

 Size 

of 

house

hold 

Bread and 

Cereals Meat and 

meat products 

Fish 

Milk 

products and 

eggs 

Vegetable Oil 

and animal 

fats 

Fruits Vegetables 
All food 

products 

1 0.8449 0.0646 0.1316 0.4362 0.3716 0.5000 0.5657 -0.0866 

2 0.0784 0.0646 0.1316 0.4362 0.3716 0.5000 0.5657 -0.0866 

3 0.2417 0.2426 0.0748 -0.0361 0.1775 0.0938 -0.0370 0.0284 

4 0.2713 0.1047 0.3684 0.2666 0.2663 0.3914 0.2374 0.2673 

5+ -0.1905 -0.4481 -0.3951 -0.2572 -0.3814 -0.1270 0.1010 -0.5734 

Source: Own calculations based on survey data. 

 

The results from the correlation calculations 

proves that these consumers perceived the 

price of food products that are a very small 

part of their basket as rapidly increasing based 

on media information, rather than personal 

experience. The correlation is reversed for the 

largest households that have felt that bread 

and cereals are not as expensive the largest 

their food budgets are. The households with 

five or more than five members that have a 

low food budget perceive an increase of price 

of bread to a smaller degree, because they 

purchase more of these products and are more 

familiar and aware of the actual prices. The 

same results are evident for almost all the 

consumers in the largest households, as the 

significant reversed correlations shows that 

the lower their food budget is the more likely 

it is for respondents to say that prices have not 

increase as much, compared to the average 

perception. This is especially true when 

surveyed about their perception for all food in 

general, where the highest reversed 

correlation is marked with a clear link 

between the budget and perception. These 

results show that the group of consumers in 

large households with high food budgets and 

incomes do not track actual food prices and 

formulate opinions based on media 

information, while budgetarily restrained 

consumers that must be constantly aware of 

food prices are formulating their opinions on 

actual market prices.  

There is also a significant correlation between 

the food budget of four-member households 

and perception of price increase, excluding 

only the meat and meat products group. This 

again demonstrates that the less restraint by 

their budget a household is for their food 

intake, the higher their perception of raising 

prices are. This is also evident in the smaller 

households of just two members for milk 

https://foodprice.bg/
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products and eggs, oils and fats, fruits and 

vegetables. These smaller households with 

large food budgets have proven to be very 

responsive to price increase for the food 

groups expected to formulate a larger portion 

of their basket.  

 

CONCLUSIONS 

 

The transition of the Bulgarian economy to 

the Euro that leads to that currency being the 

only legal tender as of February 1, 2026, has 

been described as an approach to consumer 

transparency and price stability. One of the 

pillars of this shift included the obligatory 

two-price reading in both Bulgarian Lev 

(BGN) and Euro (EUR) value, which is being 

implemented since August 2025 and will 

continue to exist until August 2026. By 

making the labels easy to read, understand, 

with similar font size in both currencies, the 

government hoped to have reduced the 

psychological effects of the move and have a 

level on which to base fair market conduct. 

The analysis of the available statistical data 

demonstrates that although there was a 

concern of a large-scale inflationary spike, the 

real impact on food prices was very tame. 

During the 3rd and 4th quarters of 2025, the 

harmonized index of food prices increased at 

a slight 0.31. This stability indicates that the 

numerous government responses, such as the 

introduction of monitoring portals, and the 

need to make major retailers place daily price 

lists on them, worked to prevent price 

increases. During the transition period some 

of the basic commodities such as coffee and 

tea had shown some form of increases in 

prices of over 4 percent, this was compensated 

by huge increase in the prices of oils and fats 

and also of seasonal fruits by a significant 

margin. 

By February 2026, the greater financial 

environment has recorded the rate of inflation 

at 2.9% on a yearly basis, a figure that is 

consistent with the one-off slight rises that 

have generally been experienced in the other 

Eurozone accession nations. Although some 

of the industries such as food and soft drink 

marginally outpaced the overall average by a 

3.8 percentage point, other industries such as 

clothing and footwear recorded a price 

decrease.  

Consumers according to the survey show that 

three out of every five consumers have not 

altered their food purchasing habits although 

they are perceiving food prices as increasing. 

This would indicate that the majority of 

consumers lack sufficient economic 

motivations to change their consumption or 

the food products are inelastic and thus the 

price increase will not impact their food 

purchase quantities. The respondents claimed 

they would rather decrease consumption of 

the simple staple foods such as bread than 

more expensive foods such as fresh 

vegetables, something that does not 

correspond with the expectation that they 

would switch to consuming cheaper foods that 

they refer to as basic foods to save money. 

The analysed survey data shows a significant 

number of consumers to have a false price 

perception.  

They think that the prices have been increased 

substantially but their food budgets are not 

constrained since the actual price increases are 

not as severe as it is being perceived.  

This disparity can be explained by the fact 

that consumers tend to rely on media, as a 

source of food price fluctuation information, 

frequently which are interested in incidental 

cases, as opposed to government databases 

(such as foodprice.bg) that monitor the real 

dynamics of prices in various regions. 

The correlation data of the household size, 

food budgets and the price perception indicate 

that, small households with big budgets have 

the highest tendency to experience the rapid 

change in prices of different food groups. 

Ironically, such consumers tend to respond to 

the prices of products comprising a very low 

percentage of their basket.  

This means that they are strongly affected by 

the external information in media as opposed 

to their first hand purchasing experience on 

the relative price per calorie of the food. 

On the other hand, big households with small 

food budgets exhibit an opposite relationship; 

they feel the price increment to a less extent. 

These consumers are limited in their budgets, 

and this fact makes them constantly aware of 

real market prices.  
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This experience with food expenditure causes 

them to develop opinion that is more 

grounded in the fact of the market as 

compared to households with a higher income 

level, that are to a larger degree guided by 

general impressions. 

Food security was not raised as a critical issue 

for any of the surveyed groups and we can 

conclude that it is not an evident risk for 

surveyed consumers at this time.  

Further research is required in order to study 

this process in the future, especially if the 

upward trend of actual food prices continues 

through 2026. 

 

ACKNOWLEDGEMENTS  

 

This research work was carried out with the 

support of Trakia University in Stara Zagora, 

Bulgaria and was financed from Project 1E/24 

ñSustainable development of Bulgarian 

agriculture under the effects of European 

Ecopolicyò. 

 

REFERENCES  

 
[1]Andreica, I. S., Kanto, L. N., Gorgan, A., 2023,  

Russian invasion in Ukraine: Challenges and 

implications for food security. Annals of the University 

of Oradea, Economic Science Series, 32(1). 

[2]Borisov, L., 2022, The relationship between food 

production prices and inflation in Bulgaria. National 

Economic Archive, (1), 34-43. 

[3]Brankov, T., Matkovski, B., 2022, Is a food shortage 

coming to the Western Balkans? Foods, 11(22), 3672. 

[4]Bureau, J. C., Swinnen, J., 2018, EU policies and 

global food security. Global food security, 16, 106-115. 

[5]Dovgal, O., 2022, The Role of State Policy in the 

Formation of Food Security in the Countries of the 

European Union. Modern Economics, 33(1), 132. 

https://doi.org/10.31521/modecon.v33(2022)-17  

[6]Eurostat Database, Harmonised indices of consumer 

prices (HICP), https://ec.europa.eu/eurostat/web/hicp, 

Accessed on 10.03.2026. 

[7]Ivanova, L,. ɺ., Dimitrov, P., Ovcharova, D., 

Dellava, J. E., Hoffman, D. J., 2006, Economic 

transition and household food consumption: A study of 

Bulgaria from 1985 to 2002. Economics & Human 

Biology, 4(3), 383. 

https://doi.org/10.1016/j.ehb.2006.08.001  

[8]Kornher, L., Balezentis, T., Santeramo, F. G., 2024,  

EU food price inflation amid global market turbulences 

during the COVID 19 pandemic and the Russiaï

Ukraine War. Applied Economic Perspectives and 

Policy, 46(4), 1563-1584. 

[9]Kramoliġ, J., 2015, Design as a Condition for 

Prosperity in Czech Businesses - A Comparative Study. 

Journal of Competitiveness, 7(4), 33. 

https://doi.org/10.7441/joc.2015.04.03  

[10]Marchetti, S., Giusti, C., Pratesi, M., Salvati, N., 

Giannotti, F., Pedreschi, D., Rinzivillo, S., Pappalardo, 

L., Gabrielli, L., 2015, Small Area Model-Based 

Estimators Using Big Data Sources. Journal of Official 

Statistics, 31(2), 263. https://doi.org/10.1515/jos-2015-

0017  

[11]MatŊjkov§, E., M§jek, M., Qineti, A., Sojkov§, Z., 

2024, Comparative analysis of European Union 

countries based on selected aspects of food security. 

Agricultural Economics (ZemŊdŊlsk§ Ekonomika), 

70(6), 265. https://doi.org/10.17221/16/2024-agricecon  

[12]National Statistical Institute of Bulgaria Database, 

NSI, https://www.nsi.bg/en/, Accessed on 10.03.2026. 

[13]Nikolova, M., 2020, Opportunities and challenges 

in the sale of agricultural products from small and 

family farms in Bulgaria. Trakia Journal of Sciences, 

Vol.18, p.549. 

[14]Toma, I., Redman, M., Czekaj, M., Tyran, E., 

Grivins, M., Sumane, S., 2021, Small-scale farming 

and food securityïpolicy perspectives from Central and 

Eastern Europe. Global Food Security, 29, 100504. 

[15]TraĸcŁ, T. I., BŁlan, I. M., F´nt´neru, G., Tiu, J. V., 

Mateoc-Sîrb, N., Rujescu, C., 2025, Sustainable Food 

Security in Romania and Neighboring Countries: 

Trends, Challenges, and Solutions. Preprints.Org. 

https://doi.org/10.20944/preprints202504.0117.v1  

[16]Zawojska, A., Siudek, T., 2025, The Role of 

Domestic Formal and Informal Institutions in Food 

Security: Research on the European Union Countries. 

Sustainability, 17(5), 2132. 

https://doi.org/10.3390/su17052132 

[17]***Food price, Bulgaria, https://foodprice.bg/, 

Accessed on 10.03.2026. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://ec.europa.eu/eurostat/web/hicp
https://www.nsi.bg/en/
https://doi.org/10.3390/su17052132
https://foodprice.bg/


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

35 

SUSTAINABLE DEVELOPMENT OF BULGARIAN AGRICULTURE AND 

ITS ABILITY TO MEET THE SUSTAINABLE DEVELOPMENT GOALS   

 
Georgi ALEKSIEV, Darina STOYANOVA, Nadezhda PETROVA, Iskra NENCHEVA,  

Stefka MIHOVA  

 

Trakia university, Faculty of Economics, Studentsô Campus, Stara Zagora, Bulgaria, E-mails:  

georgi.aleksiev@trakia-uni.bg, darina.s.stoyanova@trakia-uni.bg, nadezhda.petrova@trakia-

uni.bg, iskra.nencheva@trakia-uni.bg, stefka.mihova@trakia-uni.bg 

 

Corresponding author: georgi.aleksiev@trakia-uni.bg 
 

Abstract 

 

After the accession to the European Union, Bulgariaôs agricultural sector was modelled by the Common 

agricultural policy. This led to settling of a monocultural model for an ever-increasing number of producers. The 

high level of specialization and concertation of production and the lack of diversity are detrimental to the 

sustainability of the sector. The main goal of this study is to measure the current level of achievement of sustainable 

development goals by Bulgarian agriculture, based on selected indicators, aligned with the ñBulgaria 2030ò 

strategy, as well as access its ability to meet these goals by 2030. To achieve this goal the following tasks are 

completed: through literature review to select the key SDGs that Bulgarian agriculture can impact; to analyse the 

achieved levels for these SDGs in Bulgaria and to assess the ability to meet the 2030 targets. As a result of this 

research, we can conclude that the real factor income in Bulgarian agriculture has been declining since 2022, 

jeopardizing the achievement of the 2030, as well as lagging behind the European requirements to reduce ammonia 

emissions by 3% per year, with the target values being reached only in 2019. The share of organic production areas 

is doubling to 3.95% in 2024 compared to 2021 and giving a real chance to reach the target of 7% by 2028. The 

results are positive for the content of nitrates in groundwater, where the reported 28.18 mg/l is far below the 

permitted limit of 50 mg/l.  

 

Key words: agriculture, sustainability, SDGs, Bulgaria, trends 

  

INTRODUCTION  
 

Modern agriculture faces a complex set of 

environmental, economic and social 

challenges that threaten its long-term 

sustainability. Climate changes, soil 

degradation and water scarcity limit the 

production potential of agriculture (Krasteva 

& Angelov, 2025) [4]. At the same time, 

unstable markets, rising production costs and 

dependence on subsidies create economic 

uncertainty for farmers. Social challenges, 

such as the ageing population in rural areas 

and the shortage of skilled labour, further 

complicate the development of the sector 

(Harizanova-Bartos & Kadadzhova, 2024) [3]. 

The main goal of the study is to measure the 

current level of performance of some of the 

key Sustainable Development Goals (SDGs) 

by Bulgarian agriculture and to assess its 

ability to achieve them by 2030. The 

assessment is based on a literature review in 

order to select the key SDGs on which 

Bulgarian agriculture can have an impact, by 

analysing the levels achieved for these SDGs 

in Bulgaria and assessing the possibility of 

achieving the goals by 2030. 

In the face of significant challenges, it is 

increasingly necessary for countries to take 

coordinated and purposeful actions to support 

the sustainable development of agriculture. 

National policies should be coordinated with 

international commitments and good practices 

in sustainable management of resources. In 

this context numerous action has already been 

taken with an outlook of EU an UN goals. 

These initiatives create a framework for 

cooperation and sharing of responsibilities 

among countries. Through joint efforts, global 

and regional problems in agriculture can be 

solved more effectively. 

For these efforts to be effective, there must be 

clearly formulated goals (SDGs) and 

corresponding indicators to assess progress. 

Such goals must be measurable, comparable 

and applicable in different national and 
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regional contexts. Universal indicators enable 

tracking trends and objective assessment of 

the results achieved. In this way, a basis for 

transparency, accountability and effective 

planning of sustainable development policies 

is created. The great importance of the 

Agenda for sustainable development 2030, 

developed by the United Nations was met by a 

large-scale adaptation. This overarching 

agenda includes many very specific coals, 

formulated in 17 categories, aimed at 

eradicating poverty, fighting inequality and 

injustice and protecting the planet by 2030 

(Sirbu, 2025) [10]. Sustainable Development 

Goals represent an integrated framework for 

humanitarian, economic and environmental 

development that links human well-being with 

sustainable management of natural resources. 

After the initial formulation of these 

significant goals, the framework has evolved 

in the context of international sustainable 

development practices, focusing on different 

regions and sectors. R. Barbu and D. 

Dumitras, highlight that food system is 

expected to contribute to SDGs established by 

the international community in 2015, and to 

do so, they must operate within planetary 

boundaries. The same authors point out that 

food system have the potential to significantly 

contribute to 14 out of the 17 SDGs (Barbu, 

Dumitras, 2025) [1]. This integration shows 

how the global framework of SDGs is 

evolving from theory to practice. 

Within the European community and 

specifically the European Union (EU) the 

SDGs are integrated into numerous strategic 

documents and policies that aim to promote 

sustainable rural development and agriculture. 

M. Stan and M. Ciobotea conduct research on 

sustainable rural development as a key factor 

for implementing the SDGs. They remark that 

sustainable rural development encompasses a 

holistic approach, aiming to improve living 

conditions in rural areas while preserving the 

environment (Stan and Ciobotea, 2024) [11]. 

Within the EU, these goals are linked to 

policies such as the Union's Common 

Agricultural Policy (CAP) and other 

initiatives that promote balanced development 

between economic efficiency, social justice 

and environmental protection. 

MATERI ALS AND METHODS  

 

For the purposes of this study, data from 

centralized statistical sources were used ï the 

Eurostat database (EU), National Statistical 

Institute of the Republic of Bulgaria and 

Agrostatistics database of the Ministry of 

Agriculture and Food (Bulgaria). This 

research is focused on specific EU SDGôs part 

of group 2 - Zero Hunger. The selection of 

specific indicators is based on the significance 

of the problems assessed by them for the 

sustainable development of Bulgarian 

agriculture.  

Four indicators were selected for the analysis 

- real factor income in agriculture per annual 

work unit (AWU); ammonia emissions from 

agriculture; share of areas occupied by 

organic production (in percent) and nitrate 

content in groundwater. For the purpose of the 

study, the selected indicators are nationally 

significant and are embedded in the detailed 

strategy of the National Development 

Program ñBulgaria 2030ò. Average values for 

the entire EU were calculated for the purpose 

of conducting a comparative analysis. A 

graphical visualization of time series is used 

in order to conduct an analysis and track the 

trends and dynamics of the observed 

indicators. 

The presented indicators are sufficient to 

illustrate the progress in implementing the 

sustainable development goals in agriculture. 

They have been selected to cover all three 

aspects of the concept of sustainability - 

economic, social and environmental. 

Agricultural real factor income per Annual 

Work Unit (AWU) determines the motivation 

of farmers to continue their agricultural 

activities, to maintain their economic stability 

in external crises and to increase their market 

power. Also, high and stable incomes are a 

factor in maintaining a good quality of life 

and long-term employment, as well as a 

guarantee of the social sustainability of rural 

areas. The indicator Share of areas used for 

organic production also has social, economic 

and environmental aspects. Organic 

production creates the opportunity to access 

specialized markets, it has a higher market 

value, as well as quality and in term can lead 
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to increases in the quality of life of 

consumers. The remaining two indicators are 

markers of the environmental sustainability of 

the agricultural sector, as they reflect the 

degree of pollution and the impact of 

agricultural activity on the environment. 

 

RESULTS AND DISCUSSIONS 

 

In recent years, agriculture in Bulgaria has 

retained an important role in the economy and 

social structure of the country, but its relative 

share in the total economic product remains 

low. According to NSI data, the added value 

of "agriculture, forestry and fisheries" 

accounts for about 1.96 % of Bulgaria's gross 

domestic product (GDP) in 2025, while 

industry and services have a significantly 

larger contribution to GDP. The sector 

continues to be a significant source of food 

and raw materials, but its contribution to the 

economy is limited and significantly below 

the EU average, reflecting the structural 

challenges and dynamics of the national 

economy (NSI statistical data) [7]. 

A significant part of the problems of 

Bulgarian agriculture result from human and 

institutional factors, including the unstable 

regulatory framework, frequent legislative 

changes, structural polarization of farms and 

unfavourable demographic trends. Previous 

research has concluded that the agricultural 

sector in Bulgaria is burdened by a constat 

fluctuation and changes in legislation. This in 

turn leads to market uncertainty and also has 

the effect of further concentration of 

production. Currently a small number of 

farms concentrate a significant portion of the 

usable agricultural land in many regions of the 

country. (Mantarova, Yovchevska, 2025) [5]. 

All these processes have led to low labour 

requirements in these regions and thus a 

largescale outward migration form rural areas 

(Shopova, 2023) [9]. Taking all these factors 

under consideration there are also global 

climatic changes that affect Bulgarian 

agriculture. The increase in average yearly 

temperatures and the increased frequency of 

extreme weather events are becoming a source 

of high economic and environmental risk for 

the sector.  

This new and evolving environment requires 

adaptation of current production methods as 

well as adapting new models (Naydenov, et 

al., 2025) [6]. In this regard, Shopova (2023) 

points the environmental challenges as a 

significant factor requiring the introduction of 

environmentally friendly technologies and 

targeted training. Insufficient readiness to 

implement such measures increases the 

vulnerability of agricultural farms and limits 

their opportunities for long-term adaptation 

[9]. 

Previous research has concluded that the 

agricultural sectors in Eastern Europe has yet 

to reach the sustainability focus of Western 

European producers (Popescu, 2025) [8].  

The National Development Program 

ñBulgaria 2030ò focuses on sustainable 

agriculture as one of the key priorities for the 

country. By achieving these goals, the country 

will be able to better preserve its limited 

natural resources and secure its food 

production in the future.  

Bulgaria has committed in its implementation 

of the Common agricultural policy for the 

period 2023-2027 to focus on improving its 

key sustainable development indicators, as 

proven by the Strategic Plan for the 

Development of Agriculture and Rural Areas 

2023ï2027. This is further by the introduction 

of the ñBulgaria 2030ò strategic document, 

outlining the key goals the country will focus 

on achieving by the end of the decade.  

The CAP Strategic Plan includes measures to 

support small and medium-sized farms, 

stimulating innovation and sustainable land 

management. It also includes important 

elements related to adaptation to climate 

change, which directly contributes to the 

implementation of SDGs such as ñIndustry, 

Innovation and Infrastructureò and 

ñResponsible Consumption and Productionò. 

National documents, such as the Strategic 

Plan for the Development of Agriculture and 

Rural Areas 2023ï2027, also set specific 

objectives for mitigating climate effects, 

managing water and soil resources, reducing 

dependence on chemical products and 

improving biodiversity, which are in harmony 

with both European and global sustainable 

development frameworks. 
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An important indicator for assessing 

sustainable development in agriculture is the 

real factor income in agriculture per annual 

work unit (AWU). The modelling of its 

dynamics is carried out within CAP on EU 

level, and at the local level through the 

National Program for the Development of 

Rural Regions in Bulgaria, for the current 

planning period of 2023-2027. The defined 

goal, set by the local strategic documents is 

general - to increase the income of those 

employed in the agricultural sector. Although 

no specific rate of increase is set, the 

overarching goal is for agricultural producersô 

income to follow the general trend of increase 

of average salaries in Bulgaria. Data on the 

dynamics of the AWU for Bulgaria and the 

average values for the EU are presented in 

Table 1. 

 

 
Table 1. Dynamics of key indicators for sustainable agricultural development (SDGïGoal 2) 

    2017 2018 2019 2020 2021 2022 2023 2024 2025 

Real factor 

income in 

agriculture 

per annual 

work unit 

(AWU) 

Bulgaria 134.51 137.29 147.99 156.50 196.15 204.18 144.75 138.08 126.93 

EU 

average 
116.73 113.34 118.10 122.63 128.71 145.88 136.25 136.31 148.80 

Ammonia 

emissions 

from 

agriculture 

(kg/ha) 

Bulgaria 57,340 57,120 59,410 57,493 57,699 58,576 57,492     

total for 

the EU 
3,522,120 3,465,380 3,372,740 3,322,180 3,247,720 3,046,630 3,060,550     

Source: Own calculations based on Eurostat database [2]. 

 

Ammonia emissions from agricultural 

activities involving nitrogen compounds are 

another important indicator of sustainability. 

They indicate the degree of pollution of the 

water and soil environment, as well as the 

efficiency of the use of nitrogen fertilizers. 

Controlling ammonia emissions is defined as 

a sustainable development objective in the EU 

Directive 2016/2284 on national emission 

ceilings. Table B of Annex II of the Directive 

sets out the obligations of Member States to 

reduce ammonia emissions by 2030. When 

measuring the level of achievement of this 

goal 2005 levels are taken as a baseline. 

Bulgariaôs target in that regard is to reduce 

nitrogen emissions by 3% on a yearly basis 

from 2020 to 2029. Local legislative and 

strategic documents reflect this goal as 

evident in the National Air Pollution Control 

Program 2020-2030, which explicitly states 

that "the target is to reduce ammonia 

emissions from fertilizer use by 25% by 2026-

28", and that the target is currently being 

achieved. 

The share of areas occupied by organic 

production also plays a key role in the 

implementation of common efforts to achieve 

sustainable development of agriculture. The 

EU strategy "From Farm to Fork" formulates 

the goal to increase the share of agricultural 

land managed organically to at least 25% of 

the total agricultural area in the EU by 2030. 

Member States are encouraged to develop 

national action plans that include activities to 

increase organic areas. This strategic 

commitment is set out in the National Action 

Plan for the Development of Organic 

Production by 2030 in the Republic of 

Bulgaria as a leading mechanism for 

strengthening the sustainability and further 

development of the sector. The second part of 

the Plan explicitly states as an objective the 

increase in the number of areas certified for 

organic production (Table 2). In this context, 

the nitrate content in groundwater is the next 

sustainability indicator that is in the focus of 

our attention. EU Directive 91/676/ EEC on 

Nitrates (Nitrates Directive) sets the 

maximum permissible nitrate content of 50 mf 

of NO3 per litter as a standard that is applied 

to protect human health and the environment.  
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Table 2. Dynamics of results achieved according to key indicators for sustainable development of agriculture (SDGï

Goal 2) 

    2017 2018 2019 2020 2021 2022 2023 2024 2025 

Real factor 

income in 

agriculture per 

unit of annual 

work unit (%) 

Bulgaria 100% 102% 110% 116% 146% 152% 108% 103% 94% 

average for 

EU 
100% 97% 101% 105% 110% 125% 117% 117% 127% 

Ammonia 

emissions from 

agriculture (%) 

Bulgaria   -0.38% 4.01% -3.23% 0.36% 1.52% -1.85%     

total for EU   -1.61% -2.67% -1.50% -2.24% -6.19% 0.46%     

Share of areas 

used for organic 

production (%) 

Bulgaria 2.72 2.56 2.34 2.30 1.71 2.20 2.95 3.95   

average for 

EU 
7.47 7.99 8.47 9.10 10.1 10.3 10.6 10.7   

Nitrate content in 

groundwater 

(mg/l) 

Bulgaria 27.10 27.50 27.82 28.08 28.35 28.70 29.18     

average for 

EU 
18.19 17.42 16.66 16.10 15.99 15.90 15.89     

Source: Own calculations based on Eurostat data [2]. 

 

In the Republic of Bulgaria, this goal is 

implemented in Regulation No. 2 (2007) 

regarding water protection (with special focus 

on underground water sources) form nitrate 

pollution from agriculture in accordance with 

European requirements (Figure 1). 
 

 
Fig. 1. Annual data and trends for agricultural real 

factor income per annual work unit (AWU) in Bulgaria 

and EU (%) 

Source: Own calculations based on Eurostat data [2]. 

 

Real factor income in agriculture has been 

developing dynamically over the period under 

review. The goal of permanently increasing 

the values, using 2017 as the base year, has 

been achieved in all years except 2025. The 

trend of gradual decline is worrying, 

especially when compared to the average 

values for the Union. In Bulgaria, we report a 

trend of income growth after 2017 and a 

decline after 2022. The dynamics of the prices 

of basic production factors, as well as the 

slow adaptation of national policies to the 

changing environment, have led to a loss of 

the inertia accumulated by the middle of the 

period. If the degree of uncertainty of the 

external environment and the monocultural 

model of agricultural production in the 

country remain, Bulgaria will not be able to 

achieve the set goals ï to increase the real 

factor income in agriculture by one working 

annual unit by 2030 compared to 2017 (Figure 

1). 

This monoculture model of agricultural 

production is the natural outcome of the 

specialization and concertation of production 

in the sector. This process was in large part 

supported by the Common agricultural policy 

of the European union, evident by the large-

scale adaptation of the model in the Union. 

The breakdown of it will require concentrated 

effort towards the diversification of farms, 

with a specific focus on crop rotation and 

single production cycle diversification, not 

just between cycles. In order to achieve such 

results an extensive support for knowledge 

sharing and provision networks needs to be 

promoted on local level, where such exist (as 

is the case in Bulgaria with its Agriculture 

extension services bureau). These networks 

will have to provide diversification and crop 

rotation advice as well as monitor local 

producers to break down the monoculture 

model. A largescale change of agricultural 

policy in the Union is already on the way but 

has to focus more on this important issue and 
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specifically target for support diversified 

farms in order to share the risks involved with 

such lack of specialization and help recover 

the increased costs of production. 

A similar negative trend is also observed in 

the dynamics of ammonia emissions from 

agriculture in Bulgaria (Figure 2). 

During the studied period, these emissions 

must be reduced by 3% annually by 2029 in 

order to achieve the EU targets. 

Based on the information presented in Table 

2, we report that only in 2019 Bulgarian 

agriculture managed to achieve this target. 

Fig. 2. Annual data and trends for ammonia emissions 

from agriculture in Bulgaria and EU (in percent 

compared to the previous year) 

Source: Own calculations based on Eurostat data [2]. 

 

Even more - in three years of the period, an 

increase in ammonia emissions from the 

sector was reported. 

If these negative trends persist and if there are 

no specific policies to counteract, Bulgaria will 

not be able to achieve the targets set for 2029 

(Figure 2). 

Ammonia emissions from agriculture in 

Bulgaria are mainly due to the use of mineral 

fertilizers, due to the constantly decreasing 

role and scale of the livestock sector.  

The only possibility to achieve the targets is 

related to a permanent increase of the prices 

of mineral fertilizers on international markets, 

which will lead to more efficient use by 

farmers. The trends in the EU do not differ 

from those analysed in Bulgaria and achieving 

this specific SDG will be possible only 

through the development and implementation 

of entirely new policies focused on a 

fundamental transformation of the Union's 

livestock sector. 

Ammonia emissions are mainly the result of 

agricultural activity. According to data from 

the National Report on the State and 

Protection of the Environment, prepared 

annually by the Executive Agency for the 

Environment, 94 percent of ammonia 

emissions are due to agriculture. Another 

major source is domestic combustion ï 3 

percent. The main reason for Bulgariaôs 

failure to meet its commitments regarding the 

reduction of ammonium emissions is the 

increase in the amounts of inorganic fertilizers 

used in agriculture. The lack of more detailed 

data does not allow for a more accurate 

calculation of NH3 emissions from the 

ñAgricultureò sector. 

Organic production is characterized by 

sustainable production practices and the 

expansion of their share is stimulated by the 

CAP of EU. Bulgaria aims to increase the 

share of organic production to 7% by 2030. 

Throughout the entire studied period, a 

significantly lower share of organic 

production is reported - only 1.71% of the 

country's arable land is registered in this 

system in 2021. The trend is positive after 

2021, as the share doubles by 2024 and 

reaches 3.95%. If this trend of at least 

doubling the areas in the control system by 

2028 continues, Bulgaria can reach the 

desired values of this indicator (Figure 3). 

This process should be encouraged by the 

National Rural Development Program, 

providing the necessary framework to support 

the registration, development and certification 

of these agricultural systems. The certification 

process is still burdened with difficulties and 

very high transaction costs. Overall, the 

desired values were achieved in the European 

Union throughout the studied period, which 

suggests the adequacy of the EU policies and 

the desire of European consumers to consume 

products from organic farming. 

-8.00%

-6.00%

-4.00%

-2.00%

0.00%

2.00%

4.00%

6.00%

2
0
1

7

2
0
1

8

2
0
1

9

2
0
2

0

2
0

2
1

2
0
2

2

2
0
2

3

2
0
2

4

2
0
2

5

2
0
2

7

2
0
2

9

2
0
3

0

Ammonia emissions from agriculture Bulgaria

Ammonia emissions from agriculture EU

Linear (Ammonia emissions from agriculture Bulgaria)

Linear (Ammonia emissions from agriculture EU)



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

41 

 

 
Fig. 3. Annual data and trends for share of areas used 

for organic production in Bulgaria and EU (%) 

Source: Own calculations based on Eurostat data [2]. 

 

 
Fig. 4. Annual data and trends for nitrate content in 

underground waters in Bulgaria and the EU 

(in mg. NO  /l) 

Source: Own calculations based on Eurostat data [2]. 

 

Bulgaria has a very positive track record in 

meeting the targets for nitrate content in 

groundwater, with the maximum value set in 

EU Directive 91/676/ EEC for nitrates being 

50 mg.NO  /l. During the entire reviewed 

period, no average levels higher than 28.18 

mg./l were recorded in Bulgaria, which is only 

slightly more than half of the permitted 

values.  

If current trends continue, Bulgaria will 

achieve the goal of not reporting average 

values for nitrate content in groundwater 

above 50 mg. NO /l by 2030. It should be 

noted that during the entire studied period, the 

values are increasing, but this increase is only 

2 mg./l in six years, which currently does not 

pose a threat to the achievement of this 

particular sustainable development goal. The 

average values in the EU are significantly 

lower than those recorded in Bulgaria and are 

decreasing throughout the reviewed period 

(Figure 4). 

It is necessary to adapt the national 

institutional framework to the European one 

in order to ensure the preservation of the 

purity of groundwater in the future. 

Bulgarian food producers, much like their 

European counterparts are beginning to feel 

the effects of climate change, mostly evident 

by disruption of rainfall patterns, longer 

summer droughts and spring temperature 

fluctuations leading to shock frosts. Bulgarian 

farmers are adapting to these risks by focusing 

on crop varieties that are resistant or can 

withstand better such conditions. Producers 

are also looking for more complex technical 

solutions that can improve their sustainability, 

when available. Sprig frosts and long summer 

droughts have become very common in many 

regions of the country, but a wholesale 

solution is not available within the means of 

local farmers and local governmental bodies.  

 

CONCLUSIONS 

 

Bulgarian agriculture has been developing 

dynamically during the period under review. 

Under the influence of the EU Common 

Agricultural Policy, Bulgarian agricultural 

production is actively involved in providing 

the European population with food products. 

In this regard the future availability of food 

and its quality will hinge on the sustainable 

development of the agricultural sector in all 

member states, including Bulgaria. The 

country and its leadership assumes its 

responsibility in this process in the form of 

specific commitments to achieving the 

European sustainable development goals. 

These commitments have not lead to real 

results when considering some of the key 

goals analysed in this research. Real factor 

income in Bulgarian agriculture has been 

declining since 2022, jeopardizing the 
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achievement of the 2030 targets. At the same 

time, the country is lagging behind the 

European requirements to reduce ammonia 

emissions by 3% per year, with the target 

values being reached only in 2019. The main 

reason for these negative environmental 

trends is the massive use of mineral fertilizers 

as a result of a shrinking livestock sector. To 

overcome these challenges, a fundamental 

transformation of national policies and more 

effective management of production factors 

are needed. 

The share of organic production areas shows 

encouraging dynamics, doubling to 3.95% in 

2024 compared to 2021 and giving a real 

chance to reach the target of 7% by 2028. The 

results are positive for the content of nitrates 

in groundwater, where the reported 28.18 mg/l 

is far below the permitted limit of 50 mg/l. 

Despite the slight increase in these levels over 

the last six years, Bulgaria remains stable and 

meets the requirements of the European 

Directive 91/676/ EEC. The future success of 

the sector depends on reducing transaction 

costs for certification and promoting 

sustainable agricultural systems more 

actively. 
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Abstract 

 

Rural areas make up a large part of Bulgariaôsô landmass and play an important role for its economy. The 

development of these areas is dependent on their ability to sustain a competitive economic environment for the local 

population. Tourism services create an opportunity for additional employment and income for rural communities. 

The quality of these services is essential for their attractiveness among urban consumers. The goal of this study is to 

analyze consumers perceived quality of tourism services in Bulgarian rural areas. In order to achieve this goal, the 

following tasks are completed: to survey tourism service consumers in the Southeast region of Bulgaria aimed at 

their level of satisfaction; to implement the GAPS statistical method, based on the SERVQUAL methodology to 

analyze the consumer satisfaction with tourism services in rural areas in order to present strategies for future 

improvement. 

 

Key words: rural tourism, SERVQUAL, GAPS Model, consumer satisfaction, Southeast Region, Bulgaria  

 

INTRODUCTION  
 

Rural areas in Europe and Bulgaria 

specifically have undergone a dynamic 

transformation in recent decades.  

From traditional suppliers of agricultural 

produce, they are evolving into 

multifunctional spaces offering ecosystem 

services, cultural identity, and recreational 

opportunities.  

In the context of the Common Agricultural 

Policy (CAP) of the European Union and 

national priorities for regional development, 

the diversification of the rural economy is 

imperative for retaining the population and 

raising the standard of living (Lulcheva & 

Arseniou, 2018) [7]. 

Tourism has established itself as one of the 

most effective instruments for this 

diversification (Stanoeva, L. 2025) [15].  

It creates opportunities for additional 

employment, stimulates local 

entrepreneurship, and supports the 

preservation of cultural-historical heritage 

(Lakov, P. 2012) [4]. However, the success of 

a tourist destination is directly dependent on 

the quality of services ï a complex concept 

that includes not only the material base but 

also the human factor, the authenticity of the 

experience, and the degree of visitor 

satisfaction. 

In Bulgaria, rural areas occupy a significant 

part of the territory, but their economic 

development is uneven. The South-East 

Planning Region, covering the districts of 

Burgas, Sliven, Yambol, and Stara Zagora, 

presents a unique case for study. It combines a 

highly developed Black Sea coast with 

lagging internal rural territories in Strandzha, 

Sakar, and the Balkan Mountains. This duality 

creates both opportunities for the overflow of 

tourist flows and risks of deepening regional 

disparities.  

The theoretical basis of this research is the 

Gaps Model of Service Quality, developed by 

Parasuraman, Zeithaml, and Berry (1985) 

[11], which defines quality as a function of 

the difference (Gap 5) between consumer 

expectations and their perceptions of 

performance. In the context of rural tourism, 

this model acquires specific dimensions, as 

tourists often value ñsoftò factors such as 

hospitality and contact with nature more than 

luxury amenities (Lulcheva, 2021; Prabeharan 

et al., 2008; Puri & Singh, 2018; Shi & Shang, 

2020) [6, 12, 13, 14]. While the existing 

literature extensively outlines the theoretical 

framework of rural tourism quality, 

comparative applications of the SERVQUAL 

mailto:georgi.aleksiev@trakia-uni.bg
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and RURALQUAL models reveal significant 

regional differences across countries. For 

instance, studies that apply these 

methodologies in highly developed European 

rural destinations often show that tourists 

prioritize the 'Tangibles' and 'Assurance' 

dimensions, expecting highly standardized 

infrastructure and services. Conversely, in 

emerging or transitioning rural destinations in 

Eastern Europe, such as Croatia (Markoviĺ & 

Kljaiĺ Ġebrek, 2020) [8], tourists place greater 

emphasis on ñEmpathyò and 

ñResponsivenessò. In such contexts, visitors 

actively seek authentic local interactions and 

traditional gastronomy to compensate for 

potential infrastructural deficits. This 

comparative dynamic makes the Southeast 

Bulgarian market a critical case study for 

understanding how emerging rural 

destinations balance infrastructural gaps with 

authentic hospitality. 
 

MATERIA LS AND METHODS  

 

The present study applies a mixed-method 

approach, integrating the analysis of 

secondary statistical data and the design of a 

primary empirical study through a 

questionnaire method. The territorial scope of 

the study is the South-East Planning Region 

of the Republic of Bulgaria. The region is 

selected due to its strategic location and 

contrast in tourism development. While the 

Burgas district concentrates over 70% of the 

accommodation capacity, the internal rural 

areas (Yambol, Sliven) remain peripheral 

despite their rich anthropogenic and natural 

potential (Thracian heritage, wine regions). 

Burgas and Stara Zagora provinces have the 

highest share of urban land due to their large 

industrial and maritime centers, while Yambol 

is the most rural province, with 4 out of 5 

municipalities classified as rural. 

In Bulgaria, the classification of territories as 

ñruralò holds not only geographical but also 

profound financial and administrative 

significance, as it determines eligibility for 

support under the European 

Agricultural Funds. The definition has 

evolved, but in the current programming 

period, it is strictly established within the 

strategic documents. 

In accordance with the Strategic Plan for 

Agriculture and Rural Development of the 

Republic of Bulgaria for the period 2023-

2027, the national definition of ñrural areasò is 

established at the municipal level.  

 

 
Map 1. Classification of Bulgarian municipalities by 

type: rural (green) and urban (red).  

Source: Strategic Plan for the Development of 

Agriculture and Rural Areas 2023-2027 [16]. 

 

According to this document, rural areas are 

defined as: 

ñMunicipalities in which there is no 

settlement with a population exceeding 15,000 

peopleò (EU CAP Network, 2024) [1]. 

Based on this methodology, rural areas 

occupy approximately 86.4% of the total 

territory of the Southeast region. Out of a total 

of 33 municipalities in the region (on a 

territory of ~19,799 sq. km), 28 are classified 

as rural and only 5 as urban (Burgas, Sliven, 

Yambol, Stara Zagora and Kazanlak) (Map 1, 

Table 1). 

 
Table 1. Administrative-Territorial and Demographic 

Characteristics of the South-Eastern Region 
Metric 

 
Southeastern Region Value 

Total Area ~19,799 km2 

Total Number of Municipalities 33 

Rural Municipalities 28 

Urban Municipalities 5 (Burgas, Sliven, Yambol, 

Stara Zagora, Kazanlak) 

Share of Rural Territory ~86.4% 

Share of Rural Population ~42% 

Source: Strategic Plan for the Development of 

Agriculture and Rural Areas 2023-2027 [16]. 
 

Data Collection and Instruments 

Data Collection and Instruments for the 

purposes of the study, a structured 

questionnaire was developed based on the 

modified SERVQUAL scale, adapted for the 
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needs of rural tourism (RURALQUAL) 

(Markoviĺ & Kljaiĺ Ġebrek, 2020) [8]. The 

questionnaire is designed to measure Gap 5 

(The Customer Gap) and consists of five 

sections:  

(1)Consumer Profile: Establishes the 

frequency of travel and preferred destinations, 

testing the hypothesis of ñweekend tourismò 

(Kilimperov, 2016) [2].  

(2)Objective Evaluation: Measures 

satisfaction with specific elements 

(Accommodation, Food, Entertainment) on a 

5-point scale.  

(3)GAPS Analysis: The core of the instrument 

where respondents evaluate both their 

Expectations and Real Perceptions across five 

dimensions: Tangibles, Reliability, 

Responsiveness, Assurance, and Empathy.  

(4)Qualitative Component: Open questions 

for detailing specific discrepancies. 

(5)Demographics: Income, age, and 

household size.  

The methodology includes descriptive 

analysis of secondary data from the National 

Statistical Institute (NSI) regarding the 

activity of accommodation establishments for 

2023-2024.  

Based on the structured questioner a survey 

among 379 tourist service consumers form the 

Southeast region of Bulgaria was deployed. 

The results from this survey were analysed 

and consumers were grouped based on 

common factors regarding to their service use 

frequency, size of their households, their 

household income and their price of services 

responsiveness. The data averages for these 

groups was used in the analysis based on the 

SERVQUAL model. 

The SERVQUAL model was adopted for the 

needs of the study with an aggregate 

perceived quality indicator based on grouped 

data from the survey. 

Aggregate perceived quality has the formula: 

 
ὗὸέὸὥὰ В ὃὭ ὉὭ= ééééé..(1) 

where: 

A i ï achieved quality, the consumerôs rating of 

the actual service performance for group i. 

Ei ï expected quality, the consumerôs pre-

service expectation or desired standard for 

group i. 

The formula is designed so that the polarity of 

the result (positive or negative) immediately 

identifies the service status: 

(a)Positive result when i>0 ï performance 

exceeds expectations, leading to customer 

delight 

(b)Zero result when i=0 ï performance 

matched expectations, leading to service 

confirmation 

(c)Negative result when i<0 ï performance 

fell below expectations, indicating a service 

quality gap 

The collected data was checked for errors and 

discrepancies during the collection process. 

 

RESULTS AND DISCUSSIONS 

 

Analysis of Secondary Data and Regional 

Disparities 

The analysis of data from the National 

Statistical Institute (NSI) for 2023 [9] reveals 

drastic differences in tourism capacity within 

the South-East region. 

Table 2 presents the key indicators for 

accommodation establishments. It is evident 

that the coastal district of Burgas dominates 

significantly, while the rural districts of Sliven 

and Yambol have limited capacity, primarily 

in the category of ñguest housesò and ñfamily 

hotelsò (1-2 stars).  

This structural imbalance confirms the thesis 

that tourism in the interior is still 

underdeveloped in the rural areas. As noted by 

Kilimperov (2017) [3], the lack of official 

statistics specifically for ñrural tourismò 

hinders precise planning, but the data on low 

occupancy in Sliven and Yambol suggests a 

need for product diversification. 

Based on the literature review, several key 

trends are emerging that define the ñGapsò in 

quality. Research by Lulcheva (2021) [6] on 

family hotels indicates that while hygiene and 

basic furniture are often rated highly, the 

surrounding environment (environmental 

protection, yard maintenance) receives lower 

scores. In the South-East region, the poor road 

infrastructure to remote villages in Strandzha 

and Sakar is expected to create a negative gap 

in the ñTangiblesò dimension. 
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Table 2. Main indicators for the activity of 

accommodation establishments in South-East Region 

(2023) 

Indicator 

 

Burgas 

District 

Stara 

Zagora 

District 

Sliven 

District 

Yambol 

District 

Accommod

ation 

establishme

nts (No.) 

~252 ~64 46 ~25 

Nights spent 

142,272 

(out of the 

season) 

59,520 9,269 ~5,000 

Revenues 

from nights 

(BGN) 

High (peak 

of the 

season) 

Sustainabl

e 
Low Low 

Dominant 

Tourism 

Type 

Bulgarian 

citizens 

and 

foreigners; 

Mass/Sea 

Mostly 

Bulgarian 

citizens 

Cultural/B

usiness 

Mostly 

Bulgarian 

citizens; 

Rural/Mou

ntain 

Mostly 

Bulgarian 

citizens; 

Rural/Tran

sit 

Source: Aggregated data from NSI (2023) [10]. 
 

Modern tourists seek an ñexperienceò, not just 

a bed. Kilimperov (2016) [2] identifies a 

growing trend for weekend tourism driven by 

the desire to ñescape everyday lifeò. However, 

many rural guest houses offer only 

accommodation without organizing additional 

activities (hiking, craft demonstrations). This 

discrepancy between the desire for active 

recreation and the passive offering creates a 

gap in ñResponsivenessò and ñEmpathyò 

(Sugiarto & Octaviana, 2021) [17]. 

Lulcheva (2020) [5] highlights that 94% of 

tourists appreciate traditional dishes. The 

South-East region, being a leader in wine 

production (Thracian Lowland), has the 

potential to close gaps in other areas through 

high-quality food and wine experiences. It is 

expected that the ñFoodò element will show a 

positive gap (expectations exceeded) in the 

upcoming survey. 

Survey Results and GAPS Analysis 

The implementation of the SERVQUAL 

analytic modules was adapted for the needs of 

this study.  

Within this model a survey of 379 consumers 

from the Southeast region of Bulgaria has 

been done.   

The group of participants have shown 

differentiating characteristics along the lines 

of: size of households, households income, 

tourism preferences and frequency of use, 

motivation factors for participation in tourism 

activities, age, gender etc.  

All age groups that regularly participate in 

tourism activities are equally represented in 

the studied group with 28% aged between 18 

and 30, 35.1% in the group aged from 31 to 

40 and 31.4% aged from 41 to 55.  

The largest part of participants are members 

of households with 4 members ï 32.7%, 

followed by the small household with only 

two members ï 29% and those with three ï 

26.4%.  

Over half of the surveyed have disclosed that 

their households have shown higher the 

average income ï 71.8%, with 44.4% 

outpacing the average by no less than 50%. 

This allows for the data collected for these 

groups to be relevant as they have sufficient 

disposable income for leisure and tourism 

activities.  

The surveyed were grouped by one key 

indicator ï the frequency of use of tourism 

services in 2025.  

The group that showed the highest frequency 

of use of more than 7 services through the 

year represented 9 % of the surveyed.  

The largest groups of people have only used 

tourism services one to two times last year ï 

33.8%, followed by the group that have used 

them three to four times on 2025 ï 32.7%. 

Only 12.7 of the surveyed have stated that 

they have not used any rural tourism services 

during 2025.  

All participants in the survey reside in the 

Southeast region of the country, where rural 

areas account for approximately 86.4% of the 

total territory, with just a few urban centers 

(Ministry of Agriculture and Food, 2022) [9].  

This in term requires more actions stimulating 

tourism services in these areas, as they can 

provide a large variety ï seaside tourism, 

cultural tourism, ecotourism, rural tourism, 

wine tourism, etc. 

The analysis of gaps in quality of services has 

proven to be a valuable instrument for the 

sector, as it allows for problems within the 

service elements to be pinpointed. In Table 3 

the average gaps in quality are presented 

grouped by the frequency of use of tourism 

services. 
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Table 3. Average GAPS in quality of tourism services, based on author survey 

 
Household income Consumer price perception 

 

Under the 

regional 

average 

Regional 

average 

Over the 

region average 

(up to 1.5x) 

Highly above 

the regional 

average (above 

1.5x) 

Prices of 

tourism 

services are 

adequate 

Prices are 

approachable, 

but slightly 

inflated 

Prices are 

unnecessarily 

high 

Group 1 - does not use 

tourism services 
2.00 1.56 0.80 0.71 1.00 1.04 1.33 

Group 2 - uses tourism 

services up to 2 times 

per year 

1.71 -0.03 0.70 0.55 0.43 0.96 1.40 

Group 3 - uses tourism 

services from 3 to 4 

times per year 

0.91 1.08 0.74 0.91 0.63 1.01 0.50 

Group 4 - uses tourism 

services from 5 to 6 

times per year 

-0.60 1.56 0.25 1.58 0.80 0.92 0.75 

Group 5 - uses tourism 

services more often 

than 7 times per year 

0.20 0.29 1.00 0.00 -0.25 1.05 -1.33 

Source:  Own calculation based on the survey data. 

 

The customer satisfaction with tourism 

services was highest for the Group 1, and 

especially those members that have earnings 

lower the regional average. As per their own 

statement they do not use tourism services at 

all, or if they do it is a rare occasion, and thus 

their opinion is highly stewed towards 

satisfaction ï any service is good service 

when we use them on a rare occasion. At the 

other end of the spectrum the highest level of 

dissatisfaction in tourism services was 

recorded in Group 5, as their price perception 

is heightened due to the high frequency of use 

and any price increases adds up and leads to 

frustration. Notably for the same group, when 

the price of a service is perceived as 

approachable, they tend to show the highest 

satisfaction level when considering the rate 

for services as a key component. The highest 

level of price satisfaction is evident with 

Group 1, where we encounter low price 

elasticity and customers ware more satisfied 

when services overcharge them. This anomaly 

can only be explained by the lack of 

experience in the field of members of Group 1 

and their higher perception of quality outliers 

and succumbing more easily to promotion 

material and commercials. Group 2 have 

shown similar tendencies with a slightly 

higher satisfaction with overpriced (in their 

own opinion) tourism services.  

A highly visible trend is evident form the 

collected survey data regarding the 

relationship between service price and 

customer satisfaction. Consumers are not 

most satisfied when they access a service 

price as adequate, marked by the commonly 

used term ñgood dealò, but when they feel that 

there are overpaying for a service with an 

inflated price. This phenomenon is getting 

more pronounced with the increasing of the 

frequency of use of services. This results may 

suggest that tourism consumers in the 

southeast region of the country expect inflated 

prices and welcome them as the prerequisite 

for an adequately priced services are the 

expectation of lower quality, that does not 

change after the provided experience. This has 

often described by consumers as the service 

being ñgood enough for the moneyò and thus 

perceiving it in negative light as one of lower 

quality. 

The correlation analysis of the surveyed 

groups reveals significant dependencies 

between the frequency of utilizing rural 

tourism services and three key variables: 

consumer price perception, household income 

level, and household size (Table 4). The most 

pronounced and statistically significant 

relationship is observed in the consumer price 

perception. 

The data demonstrates a strengthening 

negative correlation as the frequency of 

service use increases, starting from a 

negligible 0.0267 for Group 1 (non-users or 

rare users) and peaking at -0.3895 for the 

most active tourists in Group 5 (using services 

more than 7 times a year) and the price 
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perception of consumers. This trend illustrates 

a strong price-quality connection within the 

region's rural tourism sector.  

 
Table 4. Pearson correlation between aggregate 

perceived quality and key survey group indicators 

 

Income level 

of the 

household 

Size of 

household 

Consumer 

price 

perception 

Group 1 - does not 

use tourism services 
0.0831 -0.0406 0.0267 

Group 2 - uses 

tourism services up to 

2 times per year 

-0.0561 -0.1474 -0.2181 

Group 3 - uses 

tourism services from 

3 to 4 times per year 

-0.1569 -0.0103 -0.2759 

Group 4 - uses 

tourism services from 

5 to 6 times per year 

0.3197 0.1882 -0.0705 

Group 5 - uses 

tourism services more 

often than 7 times per 

year 

0.0315 0.0805 -0.3895 

Source: Own calculation based on survey data. 

 

Discussion: Connecting Quality Gaps with 

Consumer Behaviour 

Inexperienced tourists exhibit low price 

elasticity and often remain satisfied even 

when overcharged, primarily due to a lack of 

comparative experience and a higher 

susceptibility to promotional materials. 

Conversely, regular consumers develop 

heightened price sensitivity, where any 

unnotified price increase leads to frustration. 

The lack of correlation between price 

perception and consumer satisfaction is 

evident in Group 1, as only very infrequent 

users do not necessarily seek the cheapest 

options; rather, they often associate 

ñadequatelyò priced services with lower 

expected quality. They tend to welcome 

slightly inflated prices as a prerequisite and 

guarantee for higher service standards. 

This phenomenon perfectly illustrates Gap 5 

(the Customer Gap) of the SERVQUAL 

model, showing that price acts as a powerful 

tool for managing expectations: higher prices 

generate higher expectations, the fulfilment of 

which leads to genuine customer satisfaction. 

Regarding the income level of the household, 

the correlations are predominantly weak 

across most groups, with one notable 

exception. Group 4, comprising individuals 

who use tourism services 5 to 6 times a year, 

exhibits the strongest positive correlation in 

the entire study at 0.3197. This indicates that 

for this specific cohort of moderately active 

tourists, the level of disposable income is a 

critical determinant of their tourism behaviour 

and overall satisfaction. Sustaining such a 

frequent travel rhythm requires careful 

financial planning, making their choices 

highly income-dependent. In contrast, for the 

most frequent travellers in Group 5, income 

plays a negligible role (0.0315), suggesting 

that frequent travel has become a stabilized 

routine lifestyle for them, shifting their focus 

entirely toward the price-to-quality ratio 

rather than budget constraints. 

Finally, the size of the household 

demonstrates the weakest correlational links 

among all examined factors. The coefficients 

are ranging from negative values like -0.1474 

(Group 2) to negligible positives for most 

groups. The most pronounced dependency is 

again seen in Group 4 (0.1882), likely because 

frequent trips for larger families necessitate 

stricter budgeting, tying this variable closely 

to their income considerations. However, we 

can draw another conclusion based on the 

correlation, as larger households are more 

likely to consider a service experience as 

positive. This may be a result of larger tourist 

groups being able to find some positive 

elements of the service and in combination 

there is a positive synergetic effect, leading to 

positive correlation between the size of the 

household and tourism service satisfaction 

levels, as one member likes the food, another 

the accommodations, etc. 

Overall, the data implies that whether 

consumers travel alone, as couples, or with 

children, the sheer size of the household does 

meaningfully alter their fundamental 

expectations regarding the quality and pricing 

of rural tourism services in the Southeast 

region. 

Our empirical findings regarding the 

Customer Gap (Gap 5) reveal a unique 

paradox in the Southeast Bulgarian region that 

contrasts with traditional SERVQUAL 

applications in other countries. As evidenced 

by Table 3, Group 1 (inexperienced tourists) 

reported highest satisfaction levels even when 

facing inflated prices, associating higher costs 

directly with higher expected quality. This 
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differs significantly from findings in more 

mature Western markets, where frequent users 

dictate standard pricing and maintain stable 

satisfaction. In Bulgaria, as shown by the 

strong negative correlation (-0.3895) for 

Group 5 in Table 4, highly experienced 

tourists become increasingly critical and 

price-sensitive. 

This trend can be directly linked to the 

specific dimensions of the rural tourism 

product in the region. As previously 

highlighted by Lulcheva (2021) [6] regarding 

family hotels, while basic hygiene is met, 

broader environmental and infrastructural 

factors often lag. Our data confirms this: 

frequent tourists (Group 5) likely experience 

the negative gap in ñTangiblesò due to the 

poor road infrastructure to remote villages in 

Strandzha and Sakar, which diminishes their 

satisfaction despite lower prices. Furthermore, 

modern tourists increasingly demand active 

recreation (Kilimperov, 2016) [3]. The 

frustration observed in frequent users (Group 

5) indicates a severe gap in 'Responsiveness' 

and 'Empathy' (Sugiarto & Octaviana, 2021) 

[17], as many local guest houses provide 

passive accommodation rather than integrated 

cultural or wine-tasting experiences, which 

are crucial for offsetting infrastructural 

weaknesses in transitioning economies. 

 

CONCLUSIONS 

 

The analysis of rural tourism in the South-

East Planning Region of Bulgaria 

demonstrates that the area possesses 

significant, yet unrealized, potential. With 

rural areas accounting for approximately 

86,4% of the region's territory, these 

municipalities offer rich anthropogenic and 

natural resources that remain underutilized 

due to deep structural imbalances. A stark 

contrast persists between the highly developed 

coastal areas (Burgas district) and the lagging, 

peripheral rural interior (such as Yambol and 

Sliven). Addressing this disparity requires a 

strategic shift from intuitive to data-driven 

management, utilizing tools like the GAPS 

model to systematically align services with 

consumer expectations. 

The empirical survey of 379 consumers 

reveals a pronounced Price-Quality 

correlation concerning Gap 5 (The Customer 

Gap). The data indicates a strong negative 

correlation between the frequency of tourism 

service usage and consumer price perception. 

Generally, tourists that rarely use these 

services welcome slightly inflated prices as a 

prerequisite and guarantee of higher service 

standards, achieving maximum satisfaction 

when these elevated expectations are met. 

Highly experienced, frequent tourists seek the 

lowest prices, as they prove to be very 

mindful of their travel budgets although they 

tend to associate ñadequatelyò priced services 

with inferior quality, often describing them as 

merely ñgood enough for the moneyò. 

Consequently, pricing acts as a crucial 

psychological anchor in managing consumer 

expectations in rural tourism for all studied 

groups.  

Furthermore, the analysis shows that 

demographic factors influence tourism 

behaviour in highly specific ways. Household 

income plays a pivotal, strong correlational 

role primarily for moderately active tourists 

(traveling 5-6 times a year), for whom budget 

considerations directly dictate their ability to 

maintain their travel frequency. In contrast, 

for the most active tourists, travel has become 

a stabilized lifestyle relatively unaffected by 

income fluctuations, while household size 

shows almost no significant statistical impact 

on consumer expectations and satisfaction 

across any of the surveyed groups. 

To achieve sustainable development and 

successfully close the existing service quality 

gaps, rural tourism providers must diversify 

their offerings. Modern tourists increasingly 

seek holistic, active experiences rather than 

passive accommodation. Upgrading 

ñtangibleò elements, such as surrounding rural 

infrastructure, and enhancing 

ñresponsivenessò through integrated regional 

products ï such as combining coastal and 

mountain tourism, or leveraging the region's 

strong wine production capabilities ï will be 

vital. By diversifying their services tourism 

providers can ensure that the synergetic 

effects we noticed for larger groups of 5+ 

members will lead to an overall increase in 
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customer satisfaction with a high degree of 

probability. Finally, targeted training for local 

administrators and the establishment of 

demonstration centers are necessary steps to 

close the knowledge gap among rural site 

managers, thereby elevating the overall 

professional standards and competitiveness of 

the destination. 
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Abstract 

 

Grain production is a strategic and structurally important sector in the economy of the Republic of Bulgaria, which 

in recent years has been under strong pressure from adverse climate change. The current study is focused on the 

analysis of climatic factors and their impact on the development of the sector. Within the framework of the study, the 

results of an empirical study of grain production in Ruse, Pleven and Veliko Tarnovo regions are presented. The 

state and structural characteristics of the sector for the period 2021-2024 are analyzed, identifying the main trends 

in its development, as well as the key problems and the factors that determine them. Based on the analysis, 

summarized conclusions are formulated and guidelines are proposed for increasing competitiveness and achieving 

sustainable development of grain production.  

 

Key words: grain production, climate change, adaptation of grain producers, measures  

 

INTRODUCTION  
 

Grain production has established itself as a 

strategic and structurally determining sector in 

the economy of the Republic of Bulgaria, 

characterized by a significant contribution to 

the agricultural gross domestic product, 

employment and export potential of the 

country.  

But in recent years, the sector is under 

increasing pressure from a combination of 

climate, market and political factors at global 

level. Climate change is emerging as a key 

determinant of yield variability and product 

quality, while increased volatility in 

international markets and changes in 

agricultural policies are further complicating 

economic conditions. In this regard, 

increasing the competitiveness of grain farms 

should be considered as a priority goal, the 

achievement of which requires the integration 

of innovative technologies, optimization of 

resource efficiency and the implementation of 

sustainable management practices. (Peneva, 

2021) [6]. These have a direct impact on 

production results, resource security and 

economic efficiency of farms.  (Ghilencea et 

al., 2025) [4]. 

Achieving sustainable development in the 

agricultural sector, viewed through the prism 

of both quantitative and qualitative parameters 

of production, presupposes the application of 

a systematic, innovative and complex 

analytical approach to modern trends and 

dynamic changes in the environment. In this 

context, the need for timely identification, 

assessment and management of emerging 

risks and constraints that affect the efficiency 

and stability of production processes is of 

particular importance (Varamezov, 2025) 

[11]. 

Of paramount importance for the long-term 

development of the grain production sector is 

the formation of a favorable environment that 

stimulates its efficiency, sustainability and 

economic viability. The realization of stable 

economic benefits implies, on the one hand, 

the achievement of constant and reliable 

yields, and on the other hand, the provision of 

profitable realization of the produced 

products. 

Due to these circumstances, this study aims to 

analyze the influence of the main climatic 

factors on the development of grain 

production, with an emphasis on assessing 
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their impact on the production and structural 

parameters of the sector. In an empirical 

aspect, the processes and trends in grain 

production in the districts of Ruse, Pleven and 

Veliko Tarnovo have been studied, which 

have established themselves as one of the 

leading regions for grain production in the 

country. 

The scope of the study includes the cereals of 

wheat, barley and maize, as well as oilseed 

sunflower, as they constitute essential 

elements of crop production both in these 

regions and on a national scale, and are grown 

under similar agrotechnical practices. 

The analysis covers the period 2021-2024, 

looking at the state, dynamics and structural 

features of the sector. The main trends in its 

development are identified, as well as the 

existing problems arising from climatic risks 

and resource constraints. A systematization of 

the factors determining the observed changes 

has been carried out in order to better interpret 

the interrelations between the climatic 

environment and economic performance. 

All three areas studied by us border each 

other, they are located in the central part of 

northern Bulgaria, as their northern border is 

the Danube River and it amounts to about 200 

km. , in total for the three districts. To the 

south of them is the Balkan Mountains, to the 

east they border with the districts of Razgrad 

and Silistra, to the west with the district of 

Vratsa. The total area of the three districts 

amounts to 12,118.7 km² or about 11% of the 

country's territory. 

The studied areas are characterized by a 

favorable geographical position and a 

significant variety of relief, including 

mountainous, hilly and flat terrains. This 

landscape heterogeneity, combined with 

suitable agro-climatic and soil conditions, 

creates prerequisites for a high degree of 

development of agricultural production. The 

climate of the studied territory is significantly 

influenced by the proximity of the Danube 

River, which determines specific temperature 

characteristics. The winter season is 

characterized by relatively low temperatures, 

with the average January temperature ranging 

between ï2°C and ï3°C. Summers are warm, 

with an average July temperature of about 

26°C. In recent years, there has been a 

tendency towards more frequent droughts, 

especially in the months of July and August. 

The summer period is also characterized by 

the appearance of intense thunderstorms and 

hailstorms, which have a significant impact on 

agricultural production. 

Agricultural activity is particularly intensive 

in the plains, where significant tracts of arable 

land are concentrated, intended mainly for the 

cultivation of grain and oilseeds of strategic 

importance for the agricultural sector of 

Bulgaria. The share of agricultural territories 

in the districts under consideration reached 

approximately 80%, which significantly 

exceeds the national average (57.4%). The 

analyzed districts rank among the leaders on a 

national scale in the production of cereals and 

oilseeds, with the largest relative share being 

wheat, corn, sunflower and barley. These 

crops annually occupy a predominant part of 

arable land, which determines the region's 

pronounced specialization in grain production. 

The climatic characteristics of the three 

regions are determined by their belonging to 

the zone of temperate continental climate. 

This climatic type, combined with the wide 

distribution of fertile alluvial-meadow and 

chernozem soils, creates favorable natural 

prerequisites for intensive development of 

agriculture. Crop production has established 

itself as one of the most sustainably 

developing sectors in the economic structure 

of the districts.  

The district of Veliko Tarnovo is the largest 

and has an area of 4662 sq.km, very little by 

little is the district of Pleven with 4653 sq. 

km. km. and the smallest is Ruse with 2803 

sq. m. km., in. Veliko Tarnovo region has 10 

municipalities, with 167 lands, 2,937,294 

Dec. agricultural area and 204,033 population. 

Structurally, agricultural land is allocated to 

2,190,119 Dec. fields, 127,903 Dec.  perennial 

crops, including vineyards and 395,729 dec. 

pastures, meadows and meadows. 

Administratively and territorially, Pleven 

District is divided into 11 municipalities, with 

123 lands. The largest amount of agricultural 

land is in the region of Pleven 3,989,095 Dec. 

of which 3,076,240 Dec. fields, 110,826 Dec. 

perennials, 441,437 Dec pastures, meadows 
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and meadows. Ruse region consists of 8 

municipalities with 83 lands, agricultural land 

amounted to 2,018,455 Dec., 1,530,013 Dec. 

fields, 24,380 Dec. perennials.  

The territory of the studied area is 

differentiated into three main 

morphostructural zones: plain, semi-

mountainous and mountainous, the latter 

occupying a relatively small spatial share. The 

relief diversity causes significant differences 

in the genesis, morphology and composition 

of the soil cover. The soil layer is 

characterized by a high degree of 

heterogeneity, manifested both at the level of 

administrative units (municipalities) and 

within the individual lands. Spatial variability 

of soil characteristics includes differences in 

mechanical composition, humus content, 

water regime and agrochemical indicators. 

The lowland areas are dominated by soils with 

high natural fertility and favorable 

agrophysical and agrochemical properties, 

which creates prerequisites for intensive 

development of crop production. In contrast, 

in semi-mountainous and mountainous areas, 

different types of forest soils predominate, 

characterized by lower values of basic 

agrochemical indicators and more limited 

production potential for agricultural use. 

The research thesis is that in recent years, a 

very important sector for the country, such as 

grain production, has been experiencing 

extremely negative trends caused by climate 

change, both structurally in terms of crop 

rotation and yield, especially in spring crops. 

To achieve this goal, the following research 

tasks have been formulated: 

Åmonitoring and analysis of the state of grain 

production; 

Åidentification of the main trends in the 

development of the sector; 

Åanalysis of climate change and its impact on 

crop yields and structure; 

Ådevelopment of recommendations to limit 

and overcome the negative consequences of 

climate change. 

The implementation of these tasks will 

contribute to the formulation of guidelines for 

sustainable and competitive grain production, 

adapted to dynamically changing climatic 

conditions. 

MATERIALS AND METHODS  

 

Both primary and secondary sources of 

information were used in the framework of 

this study. The primary sources include 

official documents, reports, as well as 

statistical and analytical materials of the 

Ministry of Agriculture and Food (MAF) and 

the Regional Directorates of Agriculture. 

Secondary sources include scientific 

publications, as well as empirical data 

collected through interviews with farmers, 

grain buyers and chairmen of agricultural 

cooperatives. The interviews were conducted 

both in person and by phone. 

In the analysis of the collected information, 

traditional methods of scientific research were 

used. Among them are general scientific 

methods ï historical and logical approaches, 

as well as logical-theoretical methods, 

including analysis, synthesis, comparison, 

induction and deduction. 

Based on the results obtained, summarized 

conclusions have been formulated regarding 

the sustainability and adaptive capacity of 

grain production, as well as guidelines have 

been proposed to increase its competitiveness 

and ensure long-term sustainable development 

in the context of climate uncertainty. 

 

RESULTS AND DISCUSSIONS 

 

Structural and quantitative indicators of 

the main arable crops in the areas studied 

by us for the period 2021-2024 

The analysis of agricultural production in the 

regions under consideration is focused on the 

leading crops that determine the structure of 

crop production. It has been found that in 

order to ensure agronomically justified and 

ecologically balanced crop rotation, a ratio 

between spring and autumn crops is 

maintained, close to parity (approximately 

50:50). The group of autumn crops includes 

wheat and barley, while corn and sunflower 

are classified as spring crops. The 

maintenance of such a structure of the sown 

areas creates prerequisites for optimizing 

agrotechnical measures and limiting the risk 

of degradation of soil resources. 
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These practices constitute an essential element 

of the implementation of the principles of 

sustainable management of agricultural 

resources and are in line with modern 

requirements for environmentally friendly 

agriculture. 

 
Table 1. Areas sown in decares and relative share of the main crops as a percentage of the total sown area, by year 

for the period 2021-2024 

Culture 2021 % 2022 % 2023 % 2024 % 

Wheat 2,192,834 38% 2,243,183 39% 2,211,556 39% 2,344,835 40% 

Barley 215,555 4% 214,927 4% 244,285 4% 408,121 7% 

Sunflower 1,459,886 25% 1,530,134 27% 1,484,340 26% 1,663,872 28% 

Corn 1,889,243 33% 1,727,790 30% 1,675,327 30% 1,451,453 25% 

Total area 5,757,518 100% 5,716,034 100% 5,615,508 100% 5,868,281 100% 

  Source: "AGRICULTURE" ï V., 2024) (Veliko Tarnovo, 2025) (Ruse, 2025) (Pleven, 2025) [1, 12, 9, 7]. 

 

Barley areas remained almost unchanged 

relative share of 4% in the period 2021-2023, 

but in 2024 a significant increase to 408,121 

decares (7%) was recorded, representing a 

significant structural change. (Ruse O. d., 

2023). 

Sunflower has a fluctuating but generally 

upward trend. After an increase of 25% in 

2021 to 27% in 2022, a slight decrease 

follows in 2023 (26%), and in 2024 the area 

reaches 1,663,872 decares (28%), which is the 

highest value for the period considered. 

Unlike other crops, corn has a steady 

downward trend. Its share decreased from 

33% in 2021 to 25% in 2024, with the sown 

areas reduced from 1,889,243 decares to 

1,451,453 decares. This indicates a significant 

restructuring in favour of other crops. 

The total sown area remained relatively stable 

in the period 2021-2023, with a minimal 

decrease, followed by an increase in 2024, 

when it reached 5,868,281 decares. 

The analysis of the average yields of the main 

arable crops in the district for the period 2021-

2024 shows a clear distinction between 

autumn crops (wheat and barley) and spring 

crops (maize and sunflower) in terms of 

sustainability and amplitude of variation in 

productivity (Fig. 1). 

 

 
Fig. 1. Analysis of the dynamics in the yields of the main arable crops for the period 2021-2024 

Source: "AGRICULTURE" ï V., 2024) (Veliko Tarnovo, 2025) (Ruse, 2025) (Pleven, 2025) [1, 12, 9, 7]. 

 

For wheat, the following values of the average 

yield are observed: 741 kg/ha in 2021, 

decrease to 539 kg/ha in 2022, partial 

recovery to 574 kg/ha in 2023 and reaching 

635 kg/ha in 2024.  Despite the distinct 

decline in 2022, the crop has demonstrated 
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relative stability and recovery capacity, with 

the 2024 final value remaining around 14% 

lower than the 2021 baseline. 

Similar dynamics is reported for barley ï 677 

kg/ha in 2021, 519 kg/ha in 2022, 520 kg/ha 

in 2023 and 576 kg/ha in 2024. 

The trend is significantly less favorable for 

spring crops. Corn has seen a consistent and 

significant decline in yields, from 645 kg/ha 

in 2021 to 461 kg/ha in 2022, 425 kg/ha in 

2023 and only 229 kg/ha in 2024. This high 

amplitude of variation indicates a strong 

sensitivity of the crop to adverse climatic 

conditions, especially to drought. 

Sunflower also reports a downward trend: 253 

kg/ha in 2021, 244 kg/ha in 2022, 230 kg/ha 

in 2023 and 152 kg/ha in 2024. Although the 

reduction is significant, the crop exhibits a 

more moderate amplitude compared to corn 

(Fig. 1).  

The biological characteristics of the sunflower 

ï a shorter growing season and earlier entry 

into the reproductive phase ï allow it to use 

spring rainfall more efficiently, which partly 

explains its relatively better adaptability to dry 

conditions. 

The comparison between the four crops 

clearly shows that autumn crops retain a 

higher degree of stability and less variability 

of yields in conditions of climatic instability. 

On the contrary, spring crops, and especially 

corn, show a strong dependence on the rainfall 

regime during the growing season, which 

leads to a sharp decrease in productivity 

during drought. 

The economic analysis further aggravates the 

situation with spring crops. With an average 

yield of 152 kg/ha of sunflower in 2024 and 

an average purchase price of 800 BGN/t, the 

income amounts to approximately 121-122 

BGN/ha, which casts doubt on the 

profitability of production. The picture is even 

more unfavorable for corn ï with a yield of 

229 kg/ha and an average price of 374 BGN/t, 

the income is approximately 85-86 BGN/ha, a 

value that is economically extremely 

insufficient at modern production costs. 

(Yordanova, 2025) [13]. 

In summary, the analyzed data for the period 

2021-2024 show a clear downward trend in 

the yields of spring crops, especially corn, 

which increases production risk and reduces 

economic efficiency. This explains the 

observed reorientation of farmers towards 

more sustainable autumn crops and the 

reduction of areas occupied by spring crops.  

The analysis of the state and dynamics of the 

main agricultural crops in the crop sector of 

the areas under consideration outlines the 

presence of significant structural and 

production problems, primarily related to the 

cultivation of spring crops and the 

implementation of effective crop rotation. 

The identified unfavorable trends testify to a 

disturbed agrotechnical balance, which creates 

prerequisites for a decrease in productivity 

and sustainability agricultural systems in the 

medium and long term. Particularly worrying 

are the indications of a potential decline in the 

production of strategic crops such as corn and 

sunflower, which are key to both domestic 

consumption and the functioning of the 

processing industry. A decrease in yields from 

these crops could lead to a shortage of raw 

materials for enterprises in the agri-food and 

oil processing sectors, which in turn creates a 

risk of limited supply of final products and an 

increase in price pressure on the market. In 

this context, the problem acquires not only 

regional but also national economic 

importance. 

In addition, reduced yields and instability in 

the production of major cereals and oilseeds 

may have a negative impact on the country's 

food security. The decline in domestic 

production capacity increases dependence on 

imports and increases the vulnerability of the 

agricultural sector to external market and 

climate shocks.  

Empirical observations and farmers' opinions 

further underline the seriousness of the 

situation. According to them, if unfavorable 

conditions persist for another one to two 

business years, there is a real risk of mass 

bankruptcies and withdrawal of farms from 

grain production. Such a development could 

escalate into a systemic crisis affecting the 

entire agricultural sector, with long-term 

socio-economic consequences for rural areas 

and the national economy as a whole. 

In summary, the analyzed data outlines the 

need for targeted policies and interventions 
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aimed at stabilizing production, optimizing 

crop rotation and increasing the sustainability 

of crop production in the region. 

Main reasons for negative trends in crop 

production  

As the root cause of negative trends in 

agricultural production, modern climate 

change stands out, the manifestations of 

which have intensified over the past decade. 

Their impact is characterized by both a 

gradual increase in average annual 

temperatures and an increase in the frequency 

and intensity of extreme weather events. 

Which, in turn, have an impact on the 

productivity of agroecosystems. 

 Soil fertility is determined by the content and 

balance of macro- and microelements, as well 

as by the amount of organic matter, in 

particular organic carbon, which is essential 

for the structure, water retention capacity and 

biological activity of the soil. However, the 

presence of these elements is not a sufficient 

condition for the realization of soil fertility. 

Their availability for plants is directly 

dependent on soil moisture, which provides an 

environment for biochemical processes and 

for the absorption of nutrients by the root 

system. In this context, the water regime of 

the soil is an integral component of the 

production potential. 

In recent years, climate change has been 

deepening, manifested through more frequent 

and more intense extreme events ï prolonged 

droughts, heat waves and uneven rainfall 

distribution. These factors have a significant 

impact on the development and fertility of 

crops, especially spring crops, whose growing 

season coincides with the warmest months of 

the year (Atanasova, 2021) [2]. 

The data of the National Institute of 

Meteorology and Hydrology show a steady 

trend towards an increase in the average 

annual temperature in the country. In 2021, it 

was 1.3 °C above the climatic norm, in 2022 ï 

by 0.8 °C, and in 2023 ï 1.6 °C above normal. 

At the same time, 2024 has been set as the 

hottest year since the start of instrumental 

observations, according to the State of the 

Climate in Europe report. As a result, there is 

an increasing trend in the number of so-called. 

"hot days" (with a maximum temperature 

above 32 °C), which creates additional stress 

for plants, especially in critical phases of 

development (Gospodinov, 2025) [5]. 

Hot periods are defined as extended intervals 

with maximum air temperatures Ó 32, 34, 36, 

38 and 40 °C, with a minimum duration of 

2,3,4,5 and 6 consecutive days respectively. 

(Fig. 2). 

 

 
Fig. 2. Number of consecutive hot days for the period 2021/2024 

Source: Gospodinov, 2025. 

 

By combining two main parameters ï 

intensity and duration of temperature 

anomalies ï this indicator provides a 

comprehensive assessment of the degree of 

heat stress on agroecosystems. Such an 

approach allows not only the quantitative 
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measurement of extreme temperature 

manifestations, but also a more precise 

tracking of their impact on the physiological 

processes of cultivated plants and on the 

productivity of agricultural systems. 

According to the data presented in Fig. 2, in 

the period 2021-2024, there is a clear trend 

towards a high frequency of consecutive hot 

days on a national scale. In 2021, the average 

number of hot days for the country amounted 

to 34, with maximum values reaching 55 days 

in Northern Bulgaria. In 2022, the average 

value remains 34 days, but a significant 

increase in the maximum is registered - up to 

72 days in North-eastern Bulgaria. In 2023, 

the average number of hot days increased to 

38, and the maximum value reached 68 days 

in the central parts of Northern Bulgaria 

(Gospodinov, 2025) [5]. 

The number of hot days (with a maximum 

temperature above 32 °C) shows a steady 

upward trend of around 0.4 days/year. for 

areas with an altitude of up to 1,000 m. In 

2024, the average number of hot days in 

Northern Bulgaria is 58, and the maximum of 

93 days was reached in the city of Sofia. 

Ruse: These data testify to the stable retention 

of high temperature values and spatial 

concentration of extreme events in the 

northern regions of the country. 

In parallel with the temperature anomalies, 

changes in the rainfall regime are also 

detected. Although the total annual amount of 

precipitation during the years under review 

varies approximately within ±30% of the 

climatic norm for the country, their 

distribution is highly uneven both by month 

and by territory. According to initial data, the 

surface water runoff formed on the territory of 

Bulgaria in 2024 is about 9,000 million cubic 

meters. m³. Compared to the average annual 

outflow volumes for the periods 1961ï1990, 

1971ï2000, 1981ï2010 and 1991ï2020, it is 

less by about 51%, 44%, 42% and 47%, 

respectively (Gospodinov, 2025) [5]. 

In addition to the smaller precipitation over 

the years, there is also a tendency to increase 

the intensity and unpredictability of rainfall 

events, including short-term torrential rains 

leading to floods, as well as prolonged dry 

periods. This unevenness in the distribution of 

precipitation limits the effective accumulation 

of moisture in the soil profile. 

As a result, a deficit of soil moisture is formed 

in the root layer (up to 1 m deep), which is a 

significant limiting factor for the development 

of late agricultural crops. The shortage of 

available water disrupts traditional 

agrotechnical cycles and increases the risk of 

yield reduction. The increase in temperatures 

further contributes to the prolongation of 

drought periods and an increase in the 

frequency of heat waves, which has a negative 

impact on the processes of pollination, 

fertilization and yield formation in most 

varieties and hybrids of spring crops. 

The combined effect of high temperatures and 

water deficiency leads to shortening of the 

interphase periods in plant ontogeny, 

accelerated phenological phases and 

premature end of vegetation. This is 

manifested in premature drying of plants, 

incomplete pouring of grain or the formation 

of productive organs, and, ultimately, in lower 

and unstable yields. The observed trends 

highlight the need to adapt agrotechnical 

practices and breeding approaches to 

increasing climatic variability. 

Recommendations and measures to reduce the 

negative consequences of climate change. 

Over the past four years, accelerating climate 

change has established itself as a significant 

factor having a multifaceted impact on global 

grain production. The increasing frequency 

and intensity of extreme weather events ï 

prolonged droughts, intense rainfall, heat 

waves and late spring frosts ï lead to 

significant fluctuations and, in many cases, to 

a permanent decrease in average yields of 

major cereals.  

Climate instability affects not only production 

volumes, but also price dynamics in 

international markets. Reduced or 

unpredictable yields create conditions for 

increased volatility, including speculative 

fluctuations in cereal prices. This volatility is 

carried over the value chain ï from producers 

and traders to processors and final consumers 

ï driving up food costs and deepening the risk 

to food security, especially in countries with 

high dependence on imports. In this context, 

the need for a strategic and coordinated 
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response is becoming increasingly urgent. As 

stressed, adaptation to climate change requires 

a complex and integrated approach that 

combines agrotechnical, economic, 

institutional and technological measures 

(Stoyanova, 2022) [10]. 

A shared and clearly articulated vision 

between all stakeholders is a key factor for the 

effective implementation of policies and 

measures aimed at adaptation to climate 

change. The existence of a common strategic 

framework creates prerequisites for building 

trust, improving coordination and promoting 

cooperation between the participants in the 

process (Dale, 2020) [3]. 

Within the framework of the study, measures 

have been identified in three main areas that 

can support the adaptation capacity of farmers 

to changing climatic conditions. 

First direction: Improvement of production 

practices in the cultivation of cereals and 

oilseeds. 

The proposed measures include: 

rehabilitation of the existing and 

construction of new hydro-melioration 

infrastructure;  

optimization of the deadlines for carrying 

out agrotechnical measures (sowing, planting, 

treatment);  

introduction of more thermophilic and 

stress-resistant varieties and hybrids;  

application of practices to improve and 

restore soil structure, increase the content of 

organic matter and increase the infiltration 

capacity of the soil. These interventions are 

aimed at reducing the vulnerability of 

production systems and increasing their 

resilience to climate extremes. 

Second strand: Development of research, 

innovation and training. 

This group includes:  

development of new crop varieties with 

improved adaptability;  

introduction of innovative technologies and 

practices to limit the risk of climate impacts;  

conducting research to identify and 

characterise climate risks, assess the degree of 

vulnerability and analyse the potential 

opportunities arising from current and 

projected climate change;  

organizing trainings and increasing the 

capacity of farmers. This strand aims to create 

a science-based basis for decision-making and 

strengthen the adaptive potential of the sector. 

Third strand: Legal and institut ional 

changes. 

The necessary measures include:  

updating the legal framework in order to 

integrate policies to mitigate the impact of 

climate change and implement adaptation 

solutions; 

development of mechanisms for insuring 

crops against climate-related losses;  

providing targeted support and 

compensation mechanisms for crops affected 

by climate anomalies. These actions are aimed 

at creating an enabling institutional 

environment supporting the sustainable 

development of agriculture. 

In terms of financial aspects, the costs of 

implementing the majority of the proposed 

measures can be defined as low to medium. 

An exception is made for investments related 

to the design, construction and modernization 

of irrigation systems and related 

infrastructure, which require significant 

financial resources. However, there are 

opportunities to support them through 

instruments such as the Rural Development 

Programme, which creates prerequisites for 

the implementation of strategically important 

infrastructure projects. 

 

CONCLUSIONS  

 

The increasing intensity and frequency of 

climate change in recent years has had a 

significant impact on grain production, in 

terms of a decrease in average yields, an 

increase in price volatility and an increase in 

risks to food security. Growing climate 

uncertainty puts the sector in front of the need 

for systematic and coordinated action aimed at 

strengthening its resilience, flexibility and 

adaptive capacity. 

In this context, the implementation of targeted 

adaptation measures is a strategic priority. 

Increasing the ability of farmers to respond 

adequately to dynamic climatic conditions 

requires an integrated approach encompassing 
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technological, organizational and institutional 

solutions. 

Although the present study is based on 

empirical data from a specific region, the 

analysed indicators characterising the status, 

structure and main challenges of grain 

production largely reflect trends valid at 

national level as well. This allows the 

conclusions and recommendations to be 

considered as relevant in a broader context 

and applicable in the formation and 

improvement of the national agricultural 

policy aimed at sustainable development of 

the grain production sector. 
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Abstract 

 

This report examines the economic, social and managerial dimensions of the current cooperative model in Bulgaria. 

The cooperative is a traditional and widespread legal and organizational form in various sectors of the national 

economy. The role of operating cooperatives for employment and regional development in the country is analyzed, 

and the features of cooperative management based on cooperative principles are examined - voluntariness in 

establishment, equality of members, democracy in making management decisions, etc. The aim of the study is to 

analyze the Bulgarian cooperative model as a specific legal and organizational form, combining economic activity 

with social responsibility, which functions on the principle of democratic governance in the conditions of 

contemporary challenges. The report analyzes the current state and dynamics of the cooperative sector in Bulgaria 

in accordance with established European cooperative practices. The results obtained reflect the contemporary 

challenges facing the development of Bulgarian cooperatives. In conclusion, guidelines are given for the sustainable 

development of the Bulgarian cooperative model as a basis for the economic, social and territorial development of 

the country. 

 

Key words: cooperatives, cooperative model, sustainable development, social economy, governance,    

                   Bulgaria 

 

INTRODUCTION  
 

A cooperative is a voluntarily established 

association of individuals whose purpose is to 

carry out economic activity that protects the 

economic and social interests of its members. 

According to classical definitions in 

cooperative theory [2, 20], cooperatives are 

based on the principles of voluntariness, 

democratic governance and equal 

participation of members in economic 

activity. According to  (Birchall and Ketilson, 

2009) [3] and (Birchall J. , 2011) [2] 

cooperatives function both as economic 

operators and as social institutions that protect 

the interests of their members and local 

communities.  

In Bulgaria, cooperatives play a particularly 

important role in small towns and villages, 

where they are often the main employer and 

provider of important social services. They 

contribute substantially to regional economic 

stability and to limiting socio-economic 

imbalances. The combination of economic 

efficiency and social mission creates a 

synergistic effect that helps improve the well-

being of local communities and society as a 

whole. 

In modern conditions, the cooperative sector 

faces a number of systemic challenges that 

call into question its long-term sustainability. 

According to Chaddad & Cook (2004), 

Theuvsen & Ebneth (2005), Valentinov 

(2007), the processes of demographic decline 

in rural areas, limited access to investment 

resources, as well as the increasing 

competition in the market environment stand 

out [4, 17, 18]. These factors determine the 

need for a targeted state policy and the 

creation of an adequate regulatory framework 

through which the cooperative model can be 

integrated into the national economic 

priorities. 

Under the current socio-economic conditions, 

the development and support of the 

cooperative model can be seen as a strategic 

investment with a long-term effect on the 

economic growth and social stability of each 

country. As  (Novkovic, 2008) [12] 

highlights, the sustainability of cooperatives is 

closely linked to the institutional environment 

and to the political will to maintain this 

mailto:tatanassova@abv.bg
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specific organizational model. Without an 

objective assessment of the real state of 

cooperatives, there is a risk that political 

decisions will remain formal and will not 

contribute to increasing their sustainability. 

Therefore, an in-depth analysis of the 

economic scale and financial situation of 

cooperatives is essential to assess their 

sustainability and long-term development 

potential. The financial independence and 

economic magnitude of the cooperative are 

key determinants of its ability to realize both 

its economic goals and its social mission. 

The aim of the research is to analyze the 

Bulgarian cooperative model as a specific 

organizational form, combining economic 

activity with social responsibility and 

functioning on the principle of democratic 

governance in the conditions of modern 

challenges. 

To achieve the set goal, the following tasks 

are solved: 

(i) To develop a methodological framework 

for the study based on criteria that would 

group cooperatives by size of economic 

activity. 

(ii)  Operating cooperatives in Bulgaria should 

be grouped by basic economic indicators. 

(iii)  To characterize the structure, dynamics 

and features of the development of 

cooperatives in Bulgaria. 

(iv) To outline the social and managerial 

aspects of Bulgarian cooperatives in the face 

of contemporary challenges. 

The object of the study are the registered and 

operating cooperatives in Bulgaria, which 

carry out economic activity in accordance 

with the Cooperatives Act and the 

Accountancy Act. 

The subject of the study is the classification of 

these cooperatives by economic size, 

according to the established criteria for 

distinguishing enterprises into micro, small, 

medium and large. 

The information for the analysis is based on 

empirical data obtained from the Ciela Norma 

information system in 2023. The time scope 

of the survey covers the period 2005-2023 in 

terms of the indicator "employed personnel" 

in the cooperatives and the period 2005-2021, 

concerning the financial indicators "annual 

turnover" and "book value of assets". The 

time interval allows to trace the structural 

changes in the cooperative sector in Bulgaria 

and to identify trends in its development. 

Methodological approach to categorization 

of cooperatives 

The classification of enterprises according to 

their economic size is a widely used analytical 

tool in economic research and in business 

practice. Such typology allows for the 

systematization of economic entities into 

relatively homogeneous groups and creates 

prerequisites for a more in-depth analysis of 

their economic significance, structure and 

contribution to the national economy. 

According to the established practice of the 

EU and international statistical organisations, 

the differentiation of enterprises by size is key 

to the design and implementation of policies 

to promote entrepreneurship, competitiveness 

and sustainable economic development [5, 

13]. 

Within the EU, the generally accepted 

methodology for classifying enterprises is 

regulated in Recommendation 2003/361/EC 

of the European Commission. It groups non-

financial enterprises by size into micro, small 

and medium-sized. Leading criteria for 

determining size are: (1) number of 

employees in the enterprise; (2) annual 

turnover and (3) book value of assets. This 

methodological framework is widely applied 

both in statistical surveys and in European and 

national enterprise support programs [5, 7, 8]. 

In Bulgarian legislation, these criteria are 

implemented through the provisions of the 

Small and Medium-sized Enterprises Act 

(SME) [15], which defines the conditions for 

categorization of economic entities according 

to their economic size. The classification of 

enterprises by size is also important in the 

analysis of the cooperative sector, as it allows 

to assess its structure, economic concentration 

and degree of participation in economic 

activity. 

One of the main and mandatory indicators in 

this categorisation is the average annual 

number of employees, which serves as a key 

indicator of the scale of the economic activity 

of the enterprise, respectively of the 

cooperative. In combination, the first with the 
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other two financial indicators ï annual 

turnover and carrying amount of assets ï 

makes it possible to determine more 

objectively the economic size of the analyzed 

economic entities. Cooperatives are 

traditionally considered as a specific 

organizational form of economic activity, 

which combines economic with social goals. 

For this reason, the analysis of their structure 

by economic size provides valuable 

information on the degree of economic 

concentration in the sector, as well as on the 

potential of cooperatives to actively 

participate in regional economic development. 

Such a categorization also reveals the role of 

cooperatives in the formation of employment, 

the generation of economic value and the 

development of local economies in the 

country.  

In this context, the application of the 

established criteria for the size of enterprises 

under the SME Act ï micro-, small, medium 

and large ï to cooperative structures allows to 

formulate reasonable conclusions about their 

role in the national economy (Table 1). 

 
Table 1. SME Act Criteria in Bulgaria, applied to the 

Classification of Cooperatives by economic size  

Cooperatio

n category 

Average 

number 

of staff 

Annual 

turnover 

(thousans of 

euros) 

Value of 

assets 

(thousans of 

euros) 

Micro -

enterprises 

Less then 

10 
up to 2,000 up to 2,000 

Small 

enterprises 
10ï50 2,000ï10,000 2,000ï10,000 

Medium-

sized 

enterprises 

50ï250 
10,000ï 

50,000 

10,000ï 

43,000 

Large 

enterprises 
over 250 over 50,000 over 43,000 

Source: Low on Small and Medium-Sized Enterprises, 1999, 

State Gazette No 84 of 24 September 1999 (last amended and 

supplemented SG No 43 of 27 May 2025) [11] [17],  SME 

Act and own summary [15]. 

 

RESULTS AND DISCUSSIONS 

 

Economic dimensions of Bulgarian 

cooperatives 

This study examines the economic dimensions 

of Bulgarian cooperatives through an analysis 

of basic quantitative indicators, namely: 

number of employed persons, annual turnover 

and value of assets (Table 1). 

Analysis by indicator number of employees: 

The analysis of the data on the average 

number of staff during the 19-year period 

under review shows that on average annually 

about 61.1% of active cooperatives have 

employees. In 38.9% of the cooperatives in 

the country, no data on employed personnel 

were reported. This means that they carry out 

their activities with minimal staff or through 

personal participation of the cooperative 

members without an employment contract. 

This confirms the results established by the 

study by Atanasova-Kalaydzhieva (2025) [1], 

according to which the dominant part of 

cooperatives in Bulgaria are microenterprises 

with limited human resources, which limits 

their potential for investment and innovation.  

The distribution of the 2,818 active 

cooperatives according to the criterion of 

average annual number of staff reveals a 

significant predominance of the smallest 

structures. About three-quarters of them fall 

into the category of micro-enterprises with up 

to 10 employees, which in relative terms 

represents 74.5% (2,100 units). This sustained 

dominance of micro-cooperatives throughout 

the period is an indicator of a specific 

employment model in which economic 

sustainability often depends on the individual 

contribution of individual members and on the 

flexibility of the organisational structure, 

which is also noted as a characteristic feature 

of the socio-economic nature of the 

cooperative sector.  

After micro-cooperatives, the largest group of 

cooperatives with employees between 10 and 

50 people turned out to be the largest. These 

are small-sized cooperative structures that 

operate and sell products on local markets. 

They perform locally oriented socioeconomic 

functions, which is why they employ a limited 

number of people. On an average annual 

basis, these small cooperatives are 645, which 

forms a relative share of 22.9%. Only 71 

cooperatives (2.5%) fall into the category of 

medium-sized enterprises with employees of 

50 ï 250 people. It is found that large 

cooperative structures with more than 250 
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employees are on average only 2 per year for 

the period or their relative share is extremely 

low and is 0.1%.  

The main conclusion from the analysis of the 

average annual number of employees in 

cooperatives in Bulgaria is that their activities 

are highly concentrated in the micro-

entrepreneurial segment. Less than 3% of all 

existing cooperatives have the capacity to 

operate as medium or large enterprises, 

reflecting a pronounced fragmentation and 

limiting their economic weight, 

competitiveness and opportunities to achieve 

economies of scale in the long term. 

 

 
Fig.1. Distribution of cooperatives in Bulgaria 

according to the average annual staff for the period 

2005-2023  

Source: The Ciela Norma [16]. 

 

This characteristic distribution of cooperative 

organizations is a direct result of the profound 

transformation that the sector has undergone 

over the past two decades [21]. To establish 

the main trends in its development, it is 

necessary to track the changes in the selected 

indicators over time. The dynamic analysis of 

the number of operating cooperatives in terms 

of employees shows an outlined restructuring 

in the period 2005-2023, with a pronounced 

increase in the share of microenterprises. 

Micro-cooperatives are the only category that 

shows an increase ï from 1,891 cooperatives 

in 2005 to 2,389 in 2023. This is an increase 

of 498 cooperatives for the period or a growth 

of 26.3%. This growth is observed in parallel 

with a decrease in the number of cooperatives 

in the other categories. The most significant 

decline was in the group of small cooperatives 

(10ï50 employees) ï from 769 units in 2005 

to 412 in 2023, which represents a decrease of 

46.4%. Similarly, the average cooperatives 

with 50ï250 employees decreased from 153 

to only 16 employees, i.e. there was a 

decrease of 89.5%. The category of large 

cooperatives (with more than 250 employees) 

was low in number at the beginning of the 

observed period, and the subsequent decrease 

of 75% confirms the almost complete 

disappearance of these structures from the 

cooperative sector. Overall, the data on the 

criterion "average number of staff" outline a 

steady trend towards strong polarization in 

favor of micro-cooperatives with up to 10 

employees. This change in the cooperative 

sector in Bulgaria over the years is a sign of 

structural problems related to the liquidation 

of larger cooperatives, mergers, transitions to 

other legal and organizational forms, lack of 

capital for technological renewal, inability to 

adapt to the market, etc.  

The reduction of staff cannot be seen only as a 

temporary adaptation, but rather as a long-

term strategy to preserve the cooperative 

model in the face of ongoing economic 

pressures. This negative dynamics of labor 

resources is associated with a contraction in 

the value indicators of economic activity of 

cooperatives. The significant fragmentation, 

with the predominance of micro-cooperatives 

over other groups, is an indicator of structural 

challenges described by other authors. In a 

study by (Sarov, 2025) [14], it is emphasized 

that Bulgarian cooperatives, under the 

influence of market conditions and the 

institutional requirements of the Common 

Agricultural Policy, demonstrate limited 

capacity for growth and adaptation.  

In order to find an explanation of the existing 

trend, an assessment of cooperative structures 

according to the second and third 

classification criteria follows, namely their 

compliance with one of the financial 

requirements for annual turnover or value of 

assets, which is key to determining their 

market sustainability and growth potential. 

Analysis by annual turnover indicator 

The analysis of Bulgarian cooperatives 

according to the criterion "annual turnover" 
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for the period 2005-2021 shows a strong 

concentration in the micro-cooperatives 

segment, which highlights the limited 

economic scale of the sector. A predominant 

part of the cooperative organizations ï over 

2,766 units or 98.2% of the observed ones 

generate an annual turnover of up to EUR 2 

million. euros. This confirms that a significant 

part of the cooperatives in Bulgaria operate 

with minimal operational capacity and low 

intensity of commercial activity, while their 

financial structure remains homogeneous in 

terms of unsustainability. 

Even cooperatives with larger staff often fail 

to generate higher revenues, indicating low 

labor productivity and highlighting problems 

in the efficient use of human capital. A small 

part of the cooperatives ï only 49 units or 

1.7% ï exceed the threshold of 2 million 

euros per year turnover, remaining in the 

category of small enterprises with a turnover 

of up to 10 million euro and medium-sized 

enterprises with a turnover of up to 50 million 

euro are extremely small ï only 3 units, which 

is only 0.1% of the total. A similar trend for 

limited financial scale has been observed in 

other European studies, which show that 

agricultural cooperatives in particular often 

operate with minimal resources and limited 

market potential [6, 10]. 

In a dynamic aspect, there is a weak trend 

towards an increase in turnover in some of the 

cooperatives ï in 2021. There is a decrease of 

3.4% in micro-cooperatives with a turnover of 

up to EUR 2 million, compensated by the 

increase in the number of cooperatives in the 

next category of 2-10 million euros. This 

indicates some progress in the market 

positions of certain cooperatives and creates 

prerequisites for the transition to larger groups 

of cooperatives. However, most of them 

remain permanently positioned as micro-

cooperatives, confirming the persistent 

structural disproportion and limited potential 

for economic autonomy.  

Persistently low turnover poses challenges to 

the competitiveness and long-term viability of 

cooperatives. Limited financial capacity 

reduces their ability to make a meaningful 

contribution to GDP and job creation, while 

limiting their potential to achieve economies 

of scale. Despite economic constraints, 

cooperatives continue to play an important 

socio-economic role, providing employment, 

supporting local communities and supporting 

social cohesion. 

Asset value analysis 

The analysis continues with a grouping of 

cooperatives according to the balance sheet 

value of assets. This establishes the degree of 

collateralization of cooperatives with fixed 

assets and their relationship with the number 

of employed personnel and the annual 

turnover. The analysis for the period 2005-

2021 shows that the dominance of 

microstructures is also durable in terms of 

assets, reflecting their limited property scale. 

Similar studies on the capital structure and 

limited scale of cooperative organizations are 

confirmed by international studies that focus 

on financial fragmentation and challenges to 

the growth of cooperatives in the context of 

competitive markets [9, 18, 19] 

Of the 2,818 monitored cooperatives for the 

study period, an average of 2,736 units 

(97.1%) have assets of up to 2 million euros, 

which classifies them as micro-entrepreneurial 

entities. Cooperatives with assets between 

EUR 2 million and 10 million are only 77 

units (2.7%), and medium-sized cooperatives 

have assets of EUR 10 million to 43 million 

and are even less ï 4 units or 0.1%. The 

presence of only one cooperative with assets 

of more than EUR 43 million throughout the 

period, proves the almost complete absence of 

large cooperative structures at the national 

level. The conclusion is that cooperatives 

function mainly as micro-enterprises not only 

in terms of the number of staff, but also in 

terms of financial indicators. Similar 

conclusions are found in the studies of 

(Iliopoulos, 2012) [10] on agricultural 

cooperatives in neighbouring Greece, i.e. 

there are similar characteristics for 

cooperatives in the two countries. 

The dynamic analysis shows a slight but 

positive trend towards an increase in the 

capital base: the relative share of the smallest 

cooperatives decreased by 5.3%, while the 

share of entities with assets between 2 million 

and 10 million euros is increasing. This 

suggests that some cooperatives manage to 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

66 

accumulate minimal capital and move up to 

the next category, demonstrating initial 

processes of vertical mobility and potential for 

structural transformation. 

The group of small cooperatives increased 

significantly during the period under review, 

and by the end of 2021 their number was 5.6 

times higher than at the beginning. The most 

dynamic growth was observed between 2008 

and 2012, followed by a period of some 

slowdown. The latest data from 2021 show a 

recovery and acceleration of the positive 

trend, which indicates that cooperatives are 

gradually strengthening their capital potential 

and preparing the basis for future structural 

diversification. 

Social Dimensions of Bulgarian 

Cooperatives  
The Bulgarian cooperative model is 

distinguished by a pronounced social mission 

and solidarity, which underlies the 

functioning of these organisations. 

Cooperatives do not focus solely on profit, but 

provide employment and social protection for 

their members, while ensuring the 

development of local communities. This 

social aspect is manifested through various 

forms of support, including employment 

provision, participation in educational and 

professional initiatives, as well as through 

collective decisions for a fair distribution of 

resources. In this way, cooperatives function 

as a mechanism for social stability and a tool 

to reduce social inequalities. 

The impact on local development is another 

key aspect of the cooperative model in 

Bulgaria. Especially in peripheral and 

underdeveloped regions, cooperatives provide 

access to resources, services and markets that 

would otherwise be inaccessible to 

smallholder farmers. They boost the local 

economy by purchasing goods and services 

from local suppliers, creating jobs, and 

supporting social programs. In this sense, 

cooperatives play the role of a "local engine" 

for economic and social development, 

combining economic goals with public 

benefit.  

Membership and participation of cooperative 

members constitute an essential dimension of 

the social fabric. In Bulgarian cooperatives, 

the personal contribution of the members not 

only ensures the day-to-day functioning of the 

organization, but also forms social 

commitment and a sense of community. This 

is in line with the results of research by  

(Valentinov, 2007) and  (Iliopoulos, 2012) 

[18, 10], which point out that the active 

participation of members strengthens 

collective identity and helps to overcome the 

limitations of small scale. Through voluntary 

work, participation in governance and joint 

decision-making, cooperatives develop social 

networks and mutual aid practices that 

strengthen them. 

The socio-economic nature of cooperatives is 

capable of balancing economic efficiency 

with the social mission. Micro-cooperatives 

and small cooperatives often operate with 

limited financial resources, but manage to 

keep members employed and provide services 

that have a significant social impact. This 

nature is not only a matter of economic 

resilience, but also of the ability to adapt to 

specific market niches and social needs. 

The main conclusion about the social 

dimensions of Bulgarian cooperatives is that 

these organizations are not just economic 

entities, but key carriers of social stability, 

local development and collective engagement. 

This symbiosis between social mission and 

economic activity distinguishes the 

cooperative model and makes it an 

indispensable element of the Bulgarian socio-

economic structure. 

Managerial dimensions of Bulgarian 

cooperatives 

The Bulgarian cooperative model is also 

characterized by a unique combination of 

social mission and democratic governance, 

which distinguishes cooperatives from other 

economic entities (Table 2). The social and 

managerial dimensions of these organizations 

are mutually reinforcing. The management of 

Bulgarian cooperatives is determined by their 

small scale and flexibility. In micro-

cooperatives, in contrast to medium and larger 

cooperatives, there is a simplified 

organizational model, adapted to local 

conditions. Their limited capital resources and 

low turnover hinder the implementation of 
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innovations and modern management 

practices.  

The lack of financial resources, especially for 

small cooperatives, limits their access to 

technology, expert management and hinders 

their participation in national and European 

markets. 
 

Table 2. Economic, Social and Managerial 

Characteristics of Bulgarian Cooperatives for the 

period 2005-2021 

Cooperati

on 

category 

Average 

number 

of staff 

Annual 

turnover 

(ú) 

Book 

value 

of 

assets 

(ú) 

Share 

of total 

number 

(%)  

Main 

economic, 

social and 

governance 

features 

M
ic

ro
-

e
n

te
rp

ri
s
e

s 

up to 10 
up to 2 

million 

up to 2 

million 

97ï98 

% 

Limited 

economic scale, 

high social role, 

member 

involvement, 

adaptability to 

local niches  

S
m

a
ll 

e
n

te
rp

ri
s
e

s 

10ï50 
2ï10 

million 

2ï10 

million 

1.5ï2.7 

% 

Moderate 

economic 

activity, 

potential for 

clustering and 

vertical 

mobility 

M
e

d
iu

m
-s

iz
e

d
 

e
n

te
rp

ri
s
e

s 

50ï250 
10ï50 

million 

10ï43 

million 
0.1 % 

Limited in 

number, they 

require targeted 

investments and 

management 

for economic 

and 

technological 

transformation  

L
a

rg
e

 e
n

te
rp

ri
s
e

s 

over 250 
over 50 

million 

over 43 

million 
<0.1 % 

They are almost 

absent at the 

national level; 

lack of scale for 

market 

influence, high 

dependence on 

the social 

mission and 

membership 

work 

Source: Own Research 2025.  

 

Therefore, for them, from the point of view of 

resource optimization, it is necessary to 

achieve horizontal and vertical unification 

through clustering on a geographical or 

sectoral basis. Some of the larger cooperatives 

are able to gradually implement new 

technologies and management practices, 

strengthening their capital base and achieving 

vertical mobility. This allows them to increase 

their market share and move to higher 

categories of enterprises, despite structural 

constraints. To achieve long-term 

sustainability of the cooperative sector, it is 

necessary to combine the social mission with 

modern management practices and strategic 

investments, supported by a targeted state and 

institutional policy. 

The analysis and data presented in Table 1 

characterize the relationships between the 

economic, social and governance parameters 

of cooperative models in Bulgaria. The results 

obtained allow for the formulation of 

guidelines for their future development. 

Some Bulgarian cooperatives development 

guidelines  

The distribution of cooperatives and the 

dynamics of their economic size allow the 

following guidelines for their future 

development to be formulated: 

ωInstitutional strengthening and 

consolidation:  

Cooperatives should seek opportunities for 

horizontal and vertical aggregation, including 

through clustering on a territorial or sectoral 

basis, in order to overcome the limitations of 

the microstructural model. Consolidation 

would allow for economies of scale, 

optimisation of logistics costs, lower delivery 

prices through collective bargaining, as well 

as joint access to specialized equipment and 

innovation. 

ωTargeted investment support:  

State and European policies should stimulate 

investment activity and the implementation of 

innovative management and production 

models in those cooperatives that reach a 

critical threshold for moving to a higher 

category. Targeted support can accelerate 

vertical mobility, turning micro-cooperatives 

into sustainable small and medium-sized 

enterprises. 

ωIncreasing economic power and market 

power:  

The lack of large cooperative structures limits 

the ability of cooperatives to participate 

equally in large-scale trade operations and 

sustainable market channels. The 

establishment of national and regional 

cooperative clusters and platforms for joint 

realisation could strengthen their market 

presence and increase competitiveness. 

ωAttracting highly qualified specialists:  
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Limited economic scale hinders access to 

expertise, which slows down the 

implementation of modern business models 

and technological innovations. The solution 

includes the creation of centers for shared 

expert services to provide small cooperatives 

with access to professional management and 

technological solutions through optimization 

and cost allocation. 

ωIncreasing competitiveness and 

sustainability:: 

 For long-term sustainability, cooperatives 

need to develop partnerships with scientific 

and academic institutions, which would 

support knowledge transfer, the 

implementation of innovative management 

models and modern organizational practices. 

This strengthens the economic and social role 

of cooperatives, but the effectiveness depends 

on the institutional will to overcome the 

structural fragmentation and technological 

backwardness of small cooperative forms. 

These priorities outline the strategic directions 

for the development of Bulgarian cooperatives 

in the conditions of the single European 

market, while emphasizing the need for a 

targeted institutional and investment policy to 

overcome the limitations of the 

microstructural model. 

 

CONCLUSIONS 

 

The analysis clearly shows that cooperatives 

in Bulgaria are characterized by high 

structural fragmentation and a predominant 

share of micro-enterprises with limited 

investment potential and minimal capital base. 

The majority of organizations fall into the 

category of micro-entities ï with a staff of up 

to 10 people ï while at the same time not 

exceeding the financial threshold of EUR 2 

million for annual turnover and book value of 

assets. 

Small cooperatives, with a staff of between 10 

and 50 people, although significant in 

number, also demonstrate weak economic 

dynamics, limited turnover and modest capital 

capacity. Medium and large cooperatives 

remain barely perceptible in the aggregate, 

which is explained by their limited 

competitiveness and lack of resources for 

technological renewal.  

Despite indications of gradual capital 

consolidation, cooperative structures have 

largely lost their role as major employers and 

significant economic actors at national level. 

They operate primarily as small, local 

economic units and not as large enterprises 

with the potential for a significant 

macroeconomic effect. Limited staff, low 

turnover and modest capital base call into 

question the market profitability and 

competitive sustainability of these 

organizations. 

The viability of cooperatives in Bulgaria is 

due not to traditional market efficiency, but to 

the specific nature of the cooperative model, 

in which the social mission and personal labor 

contribution go beyond purely economic 

indicators. By ensuring economic 

sustainability and social solidarity, 

cooperatives provide security to their 

members and maintain their labor potential. 

 Last but not least, cooperatives play a key 

role in supporting local communities, 

providing access to resources, services and 

markets in peripheral and underdeveloped 

areas where the interest of traditional 

commercial enterprises is limited. It is these 

functions that define cooperatives as subjects 

of socially oriented entrepreneurship, whose 

sustainable development requires targeted 

state policy and institutional support. 

A thorough knowledge of the economic 

profile of cooperatives should provoke 

adequate state interventions aimed at 

strengthening their economic power. Strategic 

investments and targeted policies are critical 

to ensuring the long-term viability of this 

specific socio-economic model in Bulgaria. In 

this context, state support is not just an 

alternative, but a condition for the survival of 

cooperatives. Urgent political will is needed 

to preserve, promote and develop the 

economic potential of cooperatives as an 

irreplaceable pillar of the social economy in 

the country. 
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Abstract 

 

Food insecurity remains one of the most persistent challenges in Sub-Saharan Africa, despite the commitments made 

globally through the 2030 Agenda for Sustainable Development, in particular through SDG 2 - Zero Hunger. In this 

context, the study analyses the relationship between economic growth dynamics and the maintenance of high levels 

of food insecurity in Nigeria and the Democratic Republic of the Congo, two countries rich in natural resources but 

characterized by significant structural vulnerabilities in terms of access to food. The analysis integrates longitudinal 

data on GDP per capita for the period 1990ï2024 with the Global Hunger Index (GHI) and its components for the 

reference years 2000, 2008, 2016, and 2025. Using a comparative-descriptive approach, economic developments 

and the four dimensions of food insecurity are examined in parallel: population undernutrition, child wasting, child 

stunting, and child mortality. The results highlight the existence of a partial decoupling between economic growth 

and hunger reduction. Although both countries have made significant economic progress since 2000, improvements 

in food security have been limited, uneven, and, in some cases, reversible. The findings highlight a partial 

decoupling between economic growth and hunger reduction and underline the need for stronger institutions and 

more resilient food systems to advance progress toward SDG 2: Zero Hunger. 
 

Key words: food insecurity, Global Hunger Index (GHI), Nigeria, DR Congo, SDG 2: Zero Hunger 

 

INTRODUCTION  
 

Achieving Sustainable Development Goal 2 

(SDG 2 ï Zero Hunger) remains one of the 

most difficult global challenges, even though 

many developing regions have recorded 

significant economic growth in the last three 

decades (United Nations, 2015; FAO et al., 

2023) [15, 2]. 

In this context, Sub-Saharan Africa continues 

to stand out for its high levels of food 

insecurity, and the most recent data suggest 

not only a slowdown in progress, but even a 

regression in some countries after 2016 (FAO, 

2023; FAO, IFAD, UNICEF, WFP, WHO, 

2023; World Food Programme, 2023) [2, 3, 

21]. According to the Global Hunger Index 

2025, the global hunger reduction trajectory 

has slowed significantly, and some countries 

have seen increases in undernutrition and 

other forms of child malnutrition (Global 

Hunger Index, 2025; Headey and Fan, 2010; 

HLPE, 2020) [4, 5, 6]. This context raises a 

fundamental question: to what extent is 

economic growth translating into measurable 

improvements in food security? 

Gross Domestic Product per capita 

(GDP/capita) is frequently used as a synthetic 

indicator of average income level and 

standard of living (World Bank, 2024; Our 

World in Data, 2025; Ritchie, 2023) [19, 10, 

12]. It represents the total value of final goods 

and services produced in an economy, per 

capita, expressed in constant international 
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dollars to adjust for the effects of inflation and 

differences in purchasing power between 

countries. By its nature, GDP per capita 

allows for the comparison of economic 

performance over time and space and is 

considered a relevant tool for the analysis of 

economic developments and living standards 

(Maxwell and Wiebe, 1999; Our World in 

Data, 2025) [9, 10]. Although, at a theoretical 

level, economic growth is associated with 

improving the standard of living of the 

population, the concrete way in which it 

influences access to food, income distribution 

or the organization of food systems remains 

difficult to capture and deeply unequal 

(Pinstrup-Andersen, 2009; Smith & Haddad, 

2015) [11, 13]. The specialized literature 

constantly emphasizes the fact that economic 

development does not automatically translate 

into increased food security, and the 

manifestations of this relationship vary 

considerably depending on the national and 

regional context. 

Structural factors such as armed conflicts, 

institutional fragility, the exposure of 

agricultural systems to climate shocks or 

unequal income distribution can decisively 

influence the extent to which the benefits of 

economic growth are felt at the population 

level. In this framework, the comparative 

analysis of Nigeria and the Democratic 

Republic of the Congo allows an empirical 

investigation of the relationship between 

economic dynamics and the evolution of food 

security in a context marked by persistent 

structural vulnerabilities. 

At the same time, the Global Hunger Index 

(GHI) offers a multidimensional assessment 

of the phenomenon, based on four 

standardized indicators: population 

malnutrition, child wasting, child stunting and 

infant mortality. These indicators capture both 

caloric insufficiency and acute and chronic 

forms of malnutrition and their consequences 

on child survival (Global Hunger Index, 2025; 

Maxwell, 1996) [4, 8].  

GHI is a composite indicator designed to 

measure the severity of hunger at national, 

regional, and global levels. It combines four 

dimensions of food deprivation: the 

prevalence of undernourishment in the 

population, child wasting, child stunting, and 

under-five mortality. The index is presented 

on a scale from 0 to 100, where higher values 

indicate more severe levels of hunger. GHI 

scores are calculated using multi-year 

averages of the underlying indicators to 

ensure comparability across countries and 

over time (Global Hunger Index, 2025) [4]. 

Nigeria and DR Congo are relevant case 

studies for investigating the relationship 

between economic growth and food 

insecurity. Both countries are rich in natural 

resources and have experienced periods of 

economic growth since 2000. Nigeria is one 

of the largest economies in Africa, while DR 

Congo has significant agricultural and mineral 

potential. However, both countries are 

classified, according to GHI 2025, in the 

ñseriousò or ñalarmingò categories in terms of 

hunger levels (Global Hunger Index, 2025) 

[4].  This apparent contradiction between 

macroeconomic performance and the 

persistence of food insecurity justifies the 

proposed comparative analysis. 

While the relationship between economic 

growth and food security has been widely 

discussed in the literature, comparatively 

fewer studies examine the long-term 

dynamics between macroeconomic 

performance and multidimensional hunger 

indicators using standardized international 

metrics such as the GHI. Although the 

literature shows that economic growth does 

not automatically lead to improved food 

security, the concrete manifestation of this 

relationship differs considerably across 

countries and regions. In Sub-Saharan Africa, 

there is still a relatively limited number of 

comparative analyses that simultaneously 

examine the dynamics of economic growth 

and the evolution of multidimensional hunger 

indicators over the long term.  

The central objective of this study is to 

examine the dynamics GDP per capita and the 

evolution of hunger indicators in Nigeria and 

DR Congo over the period 2000ï2025. 

Without assuming a direct causal relationship, 

the analysis seeks to identify the extent to 

which increases in average economic output 

per person have been accompanied by 

sustainable reductions in multidimensional 
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food insecurity. By combining longitudinal 

data on GDP per capita (Our World in Data, 

2025) [10] with the standardized scores of the 

GHI and their components (Global Hunger 

Index, 2025) [4], the study investigates the 

existence of patterns of convergence, 

divergence or decoupling between economic 

growth and food security. 

Understanding this relationship is essential for 

assessing progress towards SDG 2 and for 

underpinning policies capable of addressing 

the complexity of the relationship between 

macroeconomic performance and nutritional 

outcomes. 

 

MATERIALS AND METHODS  

 

Data sources 

The analysis uses two main sources of 

secondary data. 

Food insecurity indicators were taken from 

GHI 2025 (Global Hunger Index, 2025) [4]. 

The Global Hunger Index (GHI) values are 

calculated based on a standardized 

methodology, which integrates four essential 

indicators: the prevalence of undernutrition 

among the population (expressed as a 

percentage), child wasting, child stunting, and 

under-five mortality. This methodological 

approach allows for international comparisons 

for the reference years 2000, 2008, 2016, and 

2025, with each score calculated based on 

corresponding multi-year average intervals 

(Global Hunger Index, 2025) [4]. To avoid 

methodological bias, the analysis uses only 

these four standardized time points. 

Data on economic performance were taken 

through the Our World in Data platform, from 

the World Bank database, (Our World in 

Data, 2025) [10]. The indicator used is GDP 

per capita, expressed in constant international 

dollars, adjusted for inflation and differences 

in purchasing power between countries. GDP 

per capita represents the total value of final 

goods and services produced in an economy 

in a year, reported to the population, being a 

synthetic indicator of average economic 

output per person. 

Period analysed 

For economic dynamics, the period analyzed 

is 1990ï2024, representing the complete 

range available in the World Bank database 

for the two countries studied. 

For the analysis of food insecurity, GHI 

scores for the reference years 2000, 2008, 

2016, and 2025 were used, according to the 

official GHI methodology. These time points 

allow for the assessment of long-term 

evolution and the identification of possible 

structural breaks, especially in the post-2016 

period. 

Indicators 

The analysis is based on the following 

indicators: 

1. GDP per capita, expressed in constant 

international dollars. 

2. Total GHI score, expressed on a numerical 

scale where higher values indicate a more 

severe level of hunger. 

3. Population malnutrition (% of population). 

4. Wasting in children under 5 (%). 

5. Growth retardation in children under 5 

(%). 

6. Mortality of children under 5 (%). 

GHI indicators allow for a multidimensional 

assessment of food insecurity, while GDP per 

capita provides a synthetic measure of average 

economic performance. 

Analytical approach 

The methodology used is descriptive-

comparative and longitudinal. 

The analysis included: 

- comparing the evolution of GHI scores 

between 2000 and 2025; 

- analysis of absolute and percentage changes 

for the intervals 2000ï2016, 2016ï2025 and 

2000ï2025; 

- separate assessment of the evolution of each 

GHI component; 

- analysis of GDP per capita dynamics in the 

period 1990ï2024; 

- calculating the percentage changes in GDP 

for the periods 2000ï2016, 2016ï2024, and 

2000ï2024. 

To highlight the relationship between 

economic dynamics and the evolution of food 

insecurity, a comparative analysis of temporal 

trajectories was used, without assuming the 

existence of a direct causal relationship. The 

approach allows the identification of patterns 

of convergence, divergence or decoupling 

between economic growth and the level of 
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hunger. All percentage calculations were 

performed using the formula (Lovric, 2025) 

[7]: 

 

. 

 

The data has been processed and organized 

into tables and graphical representations to 

facilitate comparative analysis between DR 

Congo and Nigeria. 

To facilitate the comparison of the evolution 

of economic and food insecurity indicators, 

GDP per capita and GHI score were also 

expressed in index form, using the year 2000 

as the base year (2000 = 100). The values for 

subsequent years were calculated according to 

the formula (Lovric, 2025) [7]: 

 

. 

 

This transformation allows for comparison of 

the relative pace of change between indicators 

that are expressed in different units. 

 

RESULTS AND DISCUSSIONS 

 

Evolution of GDP per capita (1990ï2024) 

The dynamics of GDP per capita in Nigeria 

and DR Congo over the period 1990ï2024 

highlight distinct economic trajectories in 

terms of both the level and pace of growth 

(Table 1). 

 
Table 1. GDP per capita in DR Congo and Nigeria (constant international dollars) 

Country 

Year 
DR Congo Nigeria Country 

Year 
DR Congo Nigeria 

1990 2,403.97 5,423.81 2008 1,136.95 7,215.77 

1991 2,129.45 5,301.36 2009 1,108.58 7,581.41 

1992 1,842.55 5,403.15 2010 1,158.01 7,962.64 

1993 1,538.40 5,154.76 2011 1,205.74 8,153.53 

1994 1,410.06 4,929.27 2012 1,267.24 8,265.91 

1995 1,362.19 4,797.51 2013 1,342.74 8,581.21 

1996 1,322.58 4,869.82 2014 1,392.76 8,884.77 

1997 1,228.39 4,884.05 2015 1,433.22 8,892.06 

1998 1,176.05 4,880.88 2016 1,388.80 8,534.69 

1999 1,088.65 4,781.67 2017 1,395.72 8,396.78 

2000 981.42 4,889.00 2018 1,431.73 8,362.62 

2001 930.86 5,039.55 2019 1,394.76 8,361.79 

2002 929.45 5,654.90 2020 1,361.03 7,664.21 

2003 953.04 5,905.32 2021 1,402.39 7,588.48 

2004 987.75 6,275.30 2022 1,484.34 7,752.26 

2005 1,016.63 6,496.93 2023 1,559.34 7,843.83 

2006 1,036.13 6,702.95 2024 1,602.08 7,994.22 

2007 1,091.00 6,949.43 2025 1,585.96* 8,105.93* 

* Estimated values based on World Bank projections 

Source: World Bank, 2025 [20]. 

 

In the case of Nigeria, GDP per capita was 

5,423.81 constant international dollars in 

1990, decreased to 4,889.00 in 2000 and 

subsequently increased steadily to a maximum 

of 8,892.06 in 2015. In 2016, the indicator 

recorded a value of 8,534.69, and in 2024 it 

reached 7,994.22. Thus, for the period 2000ï

2016, GDP per capita in Nigeria increased by 

74.56%, while for the period 2016ï2024 there 

was a decrease of 6.33%. Overall, for the 

period 2000ï2024, the cumulative increase 

was 63.54%. 

In DR Congo, GDP per capita was 2,403.97 in 

1990, but declined sharply to 981.42 in 2000, 

reflecting the economic and political 

instability of the period. Since the 2000s, 

there has been a gradual increase, with GDP 

per capita reaching 1,433.22 in 2015, 1,388.80 

in 2016, and 1,602.08 in 2024. For the period 

2000ï2016, the increase was 41.49%, and for 

2016ï2024, it was 15.36%. Overall, between 

2000 and 2024, GDP per capita increased by 

63.23%. 

Comparatively, although the absolute level of 

GDP per capita in Nigeria remains 

significantly higher than in DR Congo, the 

long-term percentage dynamics (2000ï2024) 

are relatively close in the two countries 

(63.54% in Nigeria versus 63.23% in DR 

Congo). The structural difference, however, 

lies in the base level: in 2024, Nigeria's GDP 

per capita (7,994.22) is approximately 4.99 
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times higher than that of DR Congo 

(1,602.08). The long-term evolution also 

highlights a change of pace after 2016. While 

DR Congo continued a moderate growth 

trend, Nigeria experienced a phase of 

stagnation and downward adjustment, without 

returning to the peak of 2015 (Figure 1). 

 

 
Fig. 1. Dynamics of GDP per capita in DR Congo and 

Nigeria (1990-2025) (constant international dollars) 

Source: [20]. 

 

In addition, the analysis of the distribution of 

GDP per capita values for the period 1990ï

2024 highlights relevant differences between 

the two economies. In DR Congo, the median 

GDP per capita was 1,342.74 constant 

international dollars, a value close to the 

average of the period (1,328.40), which 

suggests a relatively balanced distribution of 

values around the central tendency. In 

Nigeria, the median was 6,949.43 constant 

international dollars, slightly above the 

average (6,753.60), indicating a distribution 

influenced by the lower levels recorded in the 

1990s. The difference between the mean and 

the median thus reflects the particularities of 

the economic trajectories of the two states. 

Evolution of the GHI (2000ï2025) 

Evolution of the total GHI score 

The analysis of the evolution of GHI score for 

the reference years 2000, 2008, 2016 and 

2025 highlights distinct, but at certain stages 

converging, dynamics for Nigeria and DR 

Congo (Table 2). In DR Congo, the GHI score 

was 46.10 in 2000, decreasing to 39.50 in 

2008 and 36.40 in 2016. In 2025, the score 

increased slightly to 37.50. Thus, for the 

period 2000ï2016, the absolute reduction was 

9.70 points, corresponding to a percentage 

decrease of 21.05%. For the period 2016ï

2025, there was an absolute increase of 1.10 

points, equivalent to an increase of 3.02%. 

Overall, between 2000 and 2025, the total 

reduction was 8.60 points, or 18.65%. 

 
Table 2. GHI Scores in DR Congo and Nigeria (2000-

2025) 

Year 

Country 
2000 2008 2016 2025 

DR Congo 46.1 39.5 36.4 37.5 

Nigeria 38.2 32.3 29.9 32.8 

Source: [4]. 

 

In Nigeria, the GHI score was 38.20 in 2000, 

decreased to 32.30 in 2008 and 29.90 in 2016, 

and increased to 32.80 in 2025. Over the 

period 2000ï2016, the absolute reduction was 

8.30 points, corresponding to a percentage 

decrease of 21.73%. Over the period 2016ï

2025, the increase was 2.90 points, equivalent 

to 9.70%. Over the entire period 2000ï2025, 

the cumulative reduction was 5.40 points, or 

14.14%. Comparatively, both countries made 

significant progress in reducing the severity of 

hunger by 2016, followed by a partial reversal 

of the trend between 2016 and 2025. 

However, the intensity of the post-2016 

regression is more pronounced in Nigeria 

(9.70%) than in DR Congo (3.02%). 

Analysis of the distribution of GHI score for 

the period 2000ï2025 highlights further 

differences between the two countries. In DR 

Congo, the median GHI score was 38.50, 

close to the period average (39.88), suggesting 

a relatively balanced distribution of values 

around the central tendency. In Nigeria, the 

median was 32.55, very close to the period 

average (33.30), indicating a comparably 

stable distribution across the four time points 

analyzed (Figure 2). 

 

 
Fig. 2. Evolution of the GHI Score in Nigeria and DR 

Congo (2000ï2025) 

Source: [4]. 
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The developments presented in Figure 2 show 

that although the absolute level of food 

insecurity remains higher in DR Congo, both 

countries show a similar temporal structure: 

improvement until 2016 and deterioration 

thereafter. 

Analysis of the GHI components 

To understand the dynamics of the total GHI 

score, it is necessary to analyze the evolution 

of the four components that underlie its 

calculation: population undernutrition, child 

wasting, child stunting, and under-five child 

mortality. 

 
Table 3. GHI components in DR Congo and Nigeria 

Country DR Congo Nigeria 

Undernourishment 

(% of population) 

2000ï2002 26.8 8.7 

2007ï2009 27.7 9.6 

2015ï2017 32.3 10.8 

2022ï2024 38.5 19.9 

Child wasting (% of 

children under five 

years old) 

1998ï2002 15.9 13.0 

2006ï2010 10.4 9.8 

2014ï2018 7.3 9.1 

2020ï2024 7.2 11.6 

Child stunting (% of 

children under five 

years old) 

2000 46.0 41.8 

2008 44.5 39.3 

2016 42.5 35.4 

2024 44.1 33.8 

Child mortality (% 

of children under 

five years old) 

2000 15.9 18.2 

2008 12.2 14.1 

2016 9.2 12.5 

2023 7.3 10.5 

Source: [4]. 

 

Population undernutrition (% of population) 

In DR Congo, the prevalence of 

undernutrition increased from 26.80% in 2000 

('00ï'02) to 27.70% in 2008 ('07ï'09), then to 

32.30% in 2016 ('15ï'17) and to 38.50% in 

2025 ('22ï'24). This evolution corresponds to 

an increase of 43.66% between 2000 and 

2025, suggesting a significant deterioration in 

the population's access to sufficient food. In 

the case of Nigeria, the level of undernutrition 

followed an upward trend, from 8.70% in 

2000 to 9.60% in 2008, 10.80% in 2016 and 

19.90% in 2025. Overall, the cumulative 

increase for the period analyzed reaches 

128.74%, indicating a rapid increase in food 

vulnerability in recent years. 

Child Wasting 

In DR Congo, the child wasting rate has been 

steadily decreasing, from 15.90% in 1998ï

2002 to 10.40% in 2006ï2010, continuing 

with 7.30% in 2014ï2018 and 7.20% in 

2020ï2024. Overall, the reduction between 

2000 and 2025 is 54.72%, indicating a 

significant improvement in acute malnutrition. 

In Nigeria, the evolution of the indicator has 

been less stable: it initially decreased from 

13.00% to 9.80%, then to 9.10%, but 

increased again to 11.60% in 2020ï2024. 

Although, compared to 2000, the level in 

2025 is 10.77% lower, recent trends suggest a 

reversal of previous progress. 

Child Stunting  

In DR Congo, the prevalence of stunting in 

children recorded values of 46.00% in 2000, 

44.50% in 2008, 42.50% in 2016, and 44.10% 

in 2024. Even though a slight decrease can be 

observed between 2000ï2016, the level 

remains high in 2024, the total reduction 

compared to the reference year being only 

4.13%. In Nigeria, the evolution of the 

indicator is more favourable, with a decrease 

from 41.80% in 2000 to 39.30% in 2008, 

35.40% in 2016, and 33.80% in 2024. 

Child mortality 

In DR Congo, infant mortality decreased from 

15.90% in 2000 to 12.20% in 2008, 9.20% in 

2016, and 7.30% in 2023. The total reduction 

is 54.09%, indicating notable progress in 

public health. In Nigeria, the indicator 

evolved from 18.20% in 2000 to 14.10% in 

2008, 12.50% in 2016 and 10.50% in 2023. 

The cumulative decrease between 2000 and 

2023 is 42.31%. The analysis of the 

components highlights different dynamics of 

the indicators that make up the total GHI 

score. In both countries, child mortality has 

recorded significant long-term reductions, and 

in DR Congo a consistent decrease in wasting 

is observed. In contrast, the prevalence of 

undernutrition in the population has increased 

considerably over the period analyzed, 

especially after 2016. This divergent evolution 

of the components contributes to the 

understanding of changes in the total GHI 

score and prepares the framework for the 

analysis of the relationship between economic 

dynamics and food insecurity. 

GDP vs. GHI ï The Paradox 

Comparing the evolution of gross domestic 

product per capita with the dynamics of GHI 

scores highlights the existence of an apparent 

paradox between economic growth and the 

evolution of food insecurity in the two 

countries analyzed. In Nigeria, GDP per 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

77 

capita increased from 4,889.00 in 2000 to 

7,994.22 in 2024, corresponding to a total 

increase of 63.54%. Similarly, in DR Congo, 

GDP per capita increased from 981.42 in 2000 

to 1,602.08 in 2024, representing an increase 

of 63.23%. From a macroeconomic 

perspective, these developments indicate a 

significant increase in average economic 

output per person in both countries over the 

long term (Figure 3). 

 

 
Fig. 3. Indexed evolution of GDP per capita and GHI in 

Nigeria and DR Congo (base year 2000 = 100). Values 

for subsequent years are expressed relative to the 2000 

level. 

Source: [4]. 

 

However, the dynamics of hunger indicators 

do not reflect a proportional reduction in food 

insecurity. In Nigeria, GHI score decreased 

from 38.20 in 2000 to 29.90 in 2016, 

suggesting an improvement in the nutritional 

situation in the early part of the period under 

review. Later, in 2025, the score increased 

again to 32.80, indicating a partial 

deterioration of previous progress. In DR 

Congo, the GHI score decreased from 46.10 

in 2000 to 36.40 in 2016, but then increased to 

37.50 in 2025. This divergent evolution 

suggests that the dynamics of economic 

growth are not automatically reflected in 

proportional improvements in food security. 

The Global Hunger Index 2025 report 

highlights that in both countries armed 

conflicts and political instability continue to 

affect food security by disrupting agricultural 

production, destroying rural infrastructure and 

limiting the population's access to food 

resources (World Food Programme, 2023; 

FAO, 2023) [21, 2]. 

Internal displacement caused by conflict and 

insecurity also contributes to increased food 

vulnerabilities. Displaced populations often 

lose their livelihoods and access to 

agricultural land, which increases dependence 

on food aid and reduces the ability of 

households to ensure their long-term food 

security (Swinnen and Squicciarini, 2012; 

World Food Programme, 2023) [14, 21]. 

Another important factor is climate shocks 
(United Nations Development Programme. 

2022; Zhou et al., 2018) [16, 22]. 

Precipitation variability, drought episodes, 

and extreme weather events affect agricultural 

productivity and food availability. In 

economies where agriculture plays a major 

role in employment and food production, 

these shocks can amplify food insecurity even 

in the context of aggregate economic growth. 

In addition, institutional fragility and limited 

capacity to implement public policies can 

reduce the efficiency of the mechanisms 

through which economic growth is 

transformed into improvements in the well-

being of the population (von Braun & Torero, 

2009) [17]. Unequal income distribution, 

limited access to rural infrastructure and food 

price volatility can prevent the benefits of 

economic growth from being transmitted to 

vulnerable households. Therefore, the 

comparative analysis of Nigeria and DR 

Congo suggests that the relationship between 

economic growth and food security is 

mediated by a complex set of structural 

factors. These structural constraints limit the 

translation of economic growth into consistent 

improvements in food security, even in the 

context of positive macroeconomic 

developments. 

  

CONCLUSIONS 

 

The results of the presented comparative 

analysis carried out in this study highlight the 

complex nature of the relationship between 

economic growth and food security in two of 

the most important economies in Sub-Saharan 

Africa, Nigeria and DR Congo. 

Although both countries have recorded 

significant increases in gross domestic 

product per capita during the period under 

review, the evolution of GHI shows that these 
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economic advances have not been 

accompanied by proportional improvements 

in food security. 

In Nigeria, GDP per capita increased 

considerably between 2000 and 2024, 

reflecting significant long-term economic 

expansion. However, the evolution of the GHI 

score indicates a fluctuating dynamics of 

hunger indicators, with a deterioration of the 

situation after 2016. In the DR Congo, 

although the absolute level of GDP per capita 

remains significantly lower than in Nigeria, 

the economic growth trend observed in recent 

decades has not been sufficient to generate a 

consistent reduction in food insecurity. In 

both cases, the results suggest the existence of 

a partial decoupling between macroeconomic 

dynamics and the evolution of 

multidimensional hunger indicators. 

A detailed analysis of the components of GHI 

shows that developments are not uniform 

across the different dimensions of food 

insecurity. While indicators such as child 

mortality have shown significant 

improvements over the long term, other 

indicators, in particular the prevalence of 

undernutrition among the population, have 

evolved in a less favourable direction in 

recent years. This heterogeneity confirms the 

deeply multidimensional nature of food 

insecurity and underlines the need for 

integrated public policies capable of 

simultaneously addressing multiple 

dimensions of the phenomenon (Maxwell, 

1996; Béné et al., 2020) [8, 1]. 

The results presented in the Global Hunger 

Index 2025 highlight that food insecurity in 

many regions of Sub-Saharan Africa is 

influenced by a complex set of structural 

factors, including armed conflict, political 

instability, internal population displacement, 

the vulnerability of agricultural systems to 

climate shocks, and food price volatility. In 

such contexts, aggregate economic growth 

does not automatically translate into improved 

access to food for the population, as the 

benefits of growth may be unevenly 

distributed or limited by institutional fragility 

and structural constraints of food systems. 

These results take on particular importance in 

the context of the United Nationsô Agenda 

2030 for Sustainable Development, especially 

in relation to SDG 2 ï Zero Hunger, which 

aims to end hunger, ensure food security and 

improve nutritional status by 2030. (United 

Nations, 2015; Welthungerhilfe, Concern 

Worldwide, & Institute for International Law 

of Peace and Armed Conflict,  2024) [15, 18]. 

The limited progress observed in some of the 

components of the GHI indicates that 

achieving this goal requires more than 

economic expansion. Sustainable reduction of 

food insecurity depends on strengthening 

institutions, developing resilient food systems, 

and implementing policies that reduce 

structural vulnerabilities that limit people's 

access to adequate food resources. 

Therefore, the comparative analysis of Nigeria 

and DR Congo suggests that the relationship 

between economic growth and food security is 

mediated by structural and institutional factors 

that may limit the transformation of economic 

growth into real improvements in the well-

being of the population. In this regard, the 

study results emphasize the need for 

integrated approaches to development policies 

that combine economic growth strategies with 

measures dedicated to strengthening food 

systems and reducing social and economic 

vulnerabilities. 

Although the analysis provides relevant 

insight into the relationship between 

economic growth and food insecurity in 

Nigeria and DR Congo, the study also has 

some methodological limitations that need to 

be considered. First, the analysis relies on a 

limited number of reference points for GHI 

scores, which limits the possibility of using 

more sophisticated statistical methods to 

model the relationship between economic and 

food security indicators. Second, the analysis 

relies on aggregate macroeconomic indicators, 

such as GDP per capita, which do not directly 

capture income distribution or socio-economic 

inequalities at the country level. Future 

research could expand the analytical 

framework by integrating additional 

indicators, such as poverty levels, income 

distribution, access to agricultural 

infrastructure, or climate variables, to better 

understand the mechanisms through which 

economic growth influences food security. 
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Similarly, more extensive comparative 

analyses, conducted at a regional scale or 

across a larger sample of countries, could 

facilitate the identification of broader 

structural patterns in the relationship between 

economic development and food insecurity 

dynamics in Sub-Saharan Africa. 

In this perspective, the results of the study 

indicate that progress towards achieving 

Sustainable Development Goal 2 ï Zero 

Hunger, within the 2030 Agenda, cannot be 

explained exclusively by the dynamics of 

economic growth, but depends essentially on 

the capacity of societies to transform this 

growth into more equitable, resilient and 

accessible food systems for the entire 

population. 
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Abstract 

 

Understanding the relationship between livestock structure, forage areas and greenhouse gas (GHG) emissions is 

essential for designing effective interventions to reduce emissions in agriculture. We analysed an annual series 

(2008ï2024) including cattle, pig, goat, sheep herds, green forage areas and emission inventories (CO , CH , N O, 

HFC). The aim of this study is to analyse the relationship between livestock farming, areas dedicated to fodder 

crops and greenhouse gas emissions in Romania, based on data provided by the National Institute of Statistics, 

using Pearson correlation analysis and principal component analysis to investigate the links between greenhouse 

gas emissions, livestock numbers and areas cultivated with fodder plants during the period 2008ï2024.The results 

show a significant reduction in pig (-47.24%) and cattle (-23.87%), while goats increased by 58.75% and sheep by 

8.07%. The areas intended for green fodder remained relatively stable, suggesting an adaptation of the crop 

structure to changes in animal husbandry. In terms of emissions, CH  decreased by 25.44%, reflecting the decrease 

in ruminant livestock, but CO  increased by 81.46% and N O by 3.77%, an increase associated with the 

intensification of mechanization and agricultural practices with high energy consumption. The analysis highlights 

the interdependence between livestock production, plant resources and environmental impact, underlining the need 

for integrated policies to reduce emissions and optimize agricultural systems. 

 

Key words: GHG emissions, livestock, feed, statistical analysis, trends 2008ï2024, Romania 

 

INTRODUCTION  
 

Agriculture is among the main economic 

activities responsible for generating 

greenhouse gas emissions, especially methane 

(CH ) and nitrous oxide (N O), occupying the 

second position after the energy sector 

(Holden et al., 2014; Kabange, et al., 2023; 

Dumitras et al, 2025) [6, 9, 4]. At the same 

time, this field has a dual function, being 

recognized both as a source of emissions and 

as a potential mechanism for capturing and 

storing these gases (Rawnsley et al., 2018) 

[19]. Although the role of agriculture in total 

global emissions has been analysed in depth 

in the specialized literature, its implications 

for the sustainability and resilience of agri-

food systems have been treated marginally for 

a long time, until the aggravation of the 

climate crisis forced a reconsideration of this 

perspective (Del Prado et al., 2013; Micu et 

al, 2022) [2, 13]. The main manifestations of 

climate change are reflected in a pronounced 

and persistent trend of global temperature 

increase, accompanied by a higher frequency 

of abiotic and biotic stress episodes (Jose at 

al., 2016) [8]. These climatic disruptions 

contribute to exacerbating economic 

difficulties, intensify social disparities and the 

vulnerabilities of exposed communities, and 

lead to a significant worsening of food 

insecurity (Rusali, 2018; Andrea, 2024) [20, 

1]. 

Greenhouse gases (GHGs) have multiple 

origins, deriving from both biological and 

natural processes generated by the activity of 

specific microorganisms in the soil or by 

spontaneous chemical reactions and from 

anthropogenic activities. Human emissions 

are dominated by the energy sector, which 

accounts for approximately 73.2% of the total, 

followed by industry (5.2%) and waste 

management (3.2%). The difference is 

attributed to the agricultural sector, which 

mailto:carmelia.dragomir@ugal.ro
mailto:mirela.cretu@ugal.ro
mailto:marian.coada@ugal.ro
mailto:cecilia.serban@ugal.ro
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includes crop production, soil dynamics used 

for agriculture and animal husbandry, as well 

as activities related to the use and 

management of land and forests (Kamyab, et 

al., 2024) [10]. 

Within the agricultural sector, methane (CH ) 

from ruminant enteric fermentation and 

emissions from animal manure management 

practices are two of the main sources of 

greenhouse gases. Enteric fermentation, a 

physiological process inherent to the digestion 

of ruminant species, produces significant 

quantities of CH , a gas with a global 

warming potential much higher than that of 

carbon dioxide (CO ), especially in the short 

term (You et al., 2022; Hu et al., 2023) [24, 

7]. Similarly, activities related to the handling, 

storage and application of manure on 

agricultural land generate considerable 

emissions of both CH  and nitrous oxide 

(N O) (Gaudar®, et al., 2021) [5]. 

The majority of N O emissions from 

agriculture are due to land interventions, in 

particular the application of synthetic nitrogen 

fertilizers and the inadequate management of 

nutrient flows (Omirou, et al., 2022) [17].  

N O is recognized as a very potent greenhouse 

gas with long atmospheric persistence and 

significant climate consequences. Energy 

consumption in the agricultural sector is a 

major contributor to carbon dioxide (CO ) 

emissions. Modern agriculture increasingly 

relies on energy-intensive technologies, such 

as mechanized machinery, advanced irrigation 

systems, and the logistics infrastructure 

needed to transport raw materials and finished 

products. These equipment are predominantly 

powered by fossil fuels, contributing 

significantly to the sectorôs energy needs 

(Mehryar et al., 2021) [12]. As a result, the 

combustion of fossil fuels in agricultural 

activities ð from the operation of tractors and 

combines to the internal and external transport 

of products ð generates significant volumes 

of CO , amplifying the carbon footprint of 

modern agriculture (Moldan et al., 2012) [14]. 

In addition, carbon dioxide associated with 

agricultural activities comes mainly from 

land-use changes such as deforestation to 

expand cultivated areas and from the energy 

consumption associated with mechanized 

agricultural operations, including tillage, 

irrigation, and the transport of raw materials 

and agricultural products (Nugrahaeningtyas 

et al, 2024) [16]. 

Animal manure management practices in 

agricultural systems are a major source of 

methane (CH ) emissions. Due to their high 

organic matter content, manure creates 

favourable conditions for the formation of 

CH  when stored or treated in anaerobic 

environments (Tedeschi et al., 2024)[21]. 

Microbiological processes that occur in the 

absence of oxygen cause the anaerobic 

degradation of organic components, which 

leads to the generation of significant amounts 

of methane (Petri et al., 2021) [18]. 

Many factors determine the level of 

greenhouse gas emissions generated in cattle 

production, including the composition of the 

feed ration, feeding methods, genetic 

characteristics of the animals and 

management strategies adopted at the farm 

level (Xie et al., 2023) [23]. Methane (CH ) 

production in ruminants is strongly dependent 

on the nature and nutritional quality of the 

feed ingested, as the dietary profile influences 

the fermentative processes in the rumen 

(Zanon, et al., 2025) [25]. Equally, animal 

management systems ð including manure 

handling, optimizing welfare conditions and 

the organization of housing spaces ð 

represent additional elements with significant 

potential to reduce emission flows (Lileikis et 

al., 2023) [11]. 

These interventions can contribute 

substantially to reducing CH  emitted by 

ruminants by shaping physiological processes 

and limiting conditions that increase the 

generation of greenhouse gases. Gaining a 

deeper understanding of the complex 

mechanisms that govern emissions from 

livestock is an essential prerequisite for 

formulating rigorous strategies that can 

optimize the efficiency of livestock 

production and, simultaneously, reduce its 

carbon footprint (Warsame et al., 2023) [22]. 

By differentiating emission sources between 

ruminant and non-ruminant species and 

integrating the variables that influence these 

emissions, it becomes possible to implement 

more sustainable and resilient livestock 
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production systems with a reduced climate 

impact (Doyle, et al., 2019) [3]. 

This paper aims to study in depth the 

interdependence relationship between the 

livestock sector and greenhouse gas emissions 

in Romania, over the period 2008ï2024. The 

analysis is based on official datasets made 

available by the National Institute of Statistics 

[15], which provide consistent information on 

the size of livestock herds, the structure of 

livestock production and the evolution of 

emissions associated with agricultural 

processes. By simultaneously examining the 

dynamics of livestock activities and their 

contribution to the generation of methane 

(CH ), nitrous oxide (N O) and carbon 

dioxide (CO ) emissions, the research aims to 

highlight the mechanisms through which 

transformations in the livestock sector 

influence the climate footprint of national 

agriculture. 

Within this analytical framework, the study is 

not limited to identifying quantitative trends, 

but aims to observe the structural and 

functional processes that shape the 

relationship between the development of 

livestock farming and the phenomenon of 

climate change. In this way, the research 

provides a comprehensive understanding of 

how developments in the livestock sector 

contribute to the dynamics of GHG emissions, 

facilitating the formulation of strategic 

directions aimed at reducing the climate 

impact and promoting sustainability in 

agriculture. 
 

MATERIALS AND METHODS  

 

The annual collection of data on livestock 

herds is an essential element for monitoring 

developments and analysing the structure of 

the livestock sector in Romania.  

The National Institute of Statistics (INS) is 

responsible for producing these official data, 

which are used both in national assessments 

and in reports submitted to European 

institutions.  

The collection process is carried out in 

accordance with international statistical 

standards and is harmonized with the Eurostat 

methodology and the reporting requirements 

established by the European Commission, 

thus ensuring the comparability and 

credibility of the data. 

To obtain the necessary information, the INS 

carries out annual statistical surveys addressed 

to all categories of agricultural holdings, using 

standardized questionnaires, digital reporting 

tools and direct field collection by specially 

trained enumerators. These surveys 

systematically monitor the number of animals 

by species and category, the distribution of 

livestock, changes compared to the previous 

year and a series of relevant indicators 

regarding production capacity. 

In the case of small-scale farms, data are 

obtained by applying stratified sampling 

methods, which allow for an adequate 

representation of the regional and structural 

diversity of farms. Based on this information, 

the INS uses weighting and extrapolation 

procedures to generate robust estimates at 

county and national level, ensuring the 

accuracy and stability of the statistical series 

over time. 

Livestock numbers are one of the main 

variables used in national emission 

inventories, and the annual periodicity of data 

collection allows for an accurate assessment 

of the contribution of the livestock sector to 

methane (CH ), nitrous oxide (N O), carbon 

dioxide (CO ), as well as hydrofluorocarbons 

(HFCs) emitted indirectly through the use of 

refrigeration and cooling systems associated 

with animal production. The inclusion of 

HFC-related data is essential, as these 

compounds possess a high global warming 

potential and are increasingly relevant in 

modern livestock management systems that 

rely on technologically advanced cooling 

infrastructure. Thus, statistical information 

becomes indispensable for monitoring 

Romania's climate commitments and for 

developing effective strategies to reduce the 

overall carbon footprint of the agricultural 

sector. 

To ensure quality, the INS applies rigorous 

verification and validation procedures, which 

include comparing current data with historical 

series, identifying and correcting any 

statistical anomalies, and performing 

additional checks when significant deviations 
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are detected. At the same time, data on 

livestock are correlated with other agricultural 

statistics, such as livestock production or land 

use, to strengthen the internal coherence of the 

information. 

 

RESULTS AND DISCUSSIONS 

 

The evolution of livestock populations in 

Romania between 2008 and 2024 indicates 

major structural changes in the livestock 

sector, with both economic and ecological 

implications. The data show a profound 

transformation in the distribution of livestock 

populations among the main species, a 

transition influenced by factors such as 

economic competitiveness, adaptability to 

pedoclimatic conditions, epidemiological 

pressures and agricultural policy orientations. 

In the case of cattle, the trend is one of 

constant decline throughout the period. The 

population decreases from approximately 2.68 

million heads in 2008 to around 1.8 million in 

2024, indicating a reduction of almost a third 

of the population. This decrease suggests 

persistent structural difficulties in the cattle 

sector, associated with high production costs, 

the volatility of the milk market and the 

increasing orientation towards intensive 

production systems, characterized by fewer, 

but larger and more technologically advanced 

farms. Ecologically, the decline of cattle has 

direct implications for methane emissions, as 

this species is the main source of enteric CH  

in livestock farming. 

Pig populations are also showing a sharp 

downward trend, from over 6.1 million in 

2008 to around 3.2ï3.3 million after 2020. 

The steep decline reflects the severe impact of 

African swine fever on commercial farms and 

households, as well as the pressure of imports 

on the competitiveness of the pig sector. This 

substantial decline partly explains the 

negative relationship observed between total 

CO  emissions and the number of pigs: while 

livestock populations are declining, CO  

emissions continue to increase, indicating that 

these emissions are driven more by energy 

processes, transport and related activities of 

agriculture than by livestock farming itself. 

 
Fig. 1. The evolution of livestock during 2008-2024 

Source: Own design based on the data from NIS, 2026 

[15]. 

 

In contrast to the previously mentioned 

species, sheep are experiencing a 

predominantly upward trend. While in 2008 

there were approximately 8.8 million heads, in 

2024 the population will exceed 10.4 million, 

confirming a stable and sustained growth. 

This trend can be associated with the high 

resilience of sheep to variable climatic 

conditions, low maintenance costs, as well as 

the increased demand on external markets for 

meat, milk and derived products. The increase 

in livestock contributes to the level of CH  

and N O emissions, but in a more moderate 

manner than in the case of cattle, due to the 

physiological characteristics and the extensive 

systems in which sheep are raised. 

Goat herds follow a more moderate but 

constant upward trajectory, increasing from 

approximately 740,000 heads in 2008 to over 

1.16 million in 2024. This evolution reflects 

the excellent adaptability of goats to diverse 

environmental conditions and the growing 

interest in dairy products obtained from goat 

milk. The goat sector thus remains one of the 

most dynamic segments of Romanian 

livestock. 

(Fig. 1). 

The analysis of the evolution of the areas 

cultivated with the main categories of forage 

plants in Romania during the period 2008ï

2024 highlights structural changes relevant for 

the dynamics of the livestock sector and for 

the functioning of agri-food systems. The 

dynamics of these crops are essential for 

understanding the availability of fodder 

resources, which influences both the 

productive performance of farms and the 

emission flows associated with soil and 

manure management. During the analysed 

period, the total area cultivated with green 
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fodder from arable land remains relatively 

stable, oscillating between approximately 

828,000 and 907,000 hectares, with a slight 

upward trend around 2018, followed by a 

moderate recovery after 2020. This stability 

suggests a structural dependence of farms on 

these crops, which are mainly used in the feed 

of herbivorous livestock, especially 

ruminants. The moderate fluctuations 

probably reflect the adaptation of agricultural 

practices to annual climatic conditions, as 

well as to variations in feed demand 

depending on the dynamics of livestock 

populations. 

In the case of alfalfa, the data indicate a 

progressive increase in areas between 2008 

and 2018, followed by a maintenance at high 

values after this interval. Alfalfa, being one of 

the most important perennial legume plants 

used in fodder systems, contributes to 

improving soil fertility by biologically fixing 

nitrogen. The expansion of this crop can thus 

be associated both with the high need for 

crude protein in fodder and with the interest of 

farmers in more sustainable agronomic 

practices that reduce dependence on chemical 

fertilizers. 

 

 
Fig. 2. The evolution of fodder crop areas during 2008-

2024 
Source: Own design based on the data from NIS, 2026 

[15]. 

 

The areas cultivated with clover indicate a 

sinusoidal evolution, with periods of moderate 

growth followed by decreases, remaining in 

the range of 95,000ï123,000 hectares. This 

variability may reflect the sensitivity of clover 

to interannual climatic conditions and to the 

type of farms that use it, being a preferred 

crop in small and medium-sized households, 

where soil rotation and labour availability 

play a decisive role. 

Regarding annual green fodder, the evolution 

of the areas is similar, with a relatively high 

stability and a slight downward trend after 

2020. The decrease after 2020 could indicate 

changes in the crop structure, determined 

either by adaptation to drought and water 

stress, or by the reduction of livestock in 

certain sectors, which implicitly decreases the 

demand for certain types of annual fodder 

(Fig. 2). 

The analysis of the evolution of the main 

greenhouse gases (GHG) generated by the 

Romanian agricultural sector between 2008 

and 2024 highlights distinct trends for each 

pollutant, reflecting structural changes in 

agriculture, livestock numbers, soil 

management practices and the energy 

intensity of production. The data show 

divergent evolutions between CO , CH , N O 

and HFCs, suggesting that these pollutants are 

influenced by different mechanisms of the 

agri-food system. Figure 3 presents the 

evolution of GHGs during 2008-2024, where 

CO  is on the right axis and CH , N O and 

HFC are on the left axis. 

Of all the gases analysed, CO  shows the most 

pronounced upward trend, increasing from 

approximately 985,000 Mg in 2008 to over 

1.8 million Mg after 2020, remaining at high 

levels until 2024. 

This sustained growth is characteristic of an 

agricultural sector increasingly dependent on 

energy consumption for processes such as the 

mechanization of operations, the transport of 

raw materials and the use of equipment in 

storage and processing chains. Unlike CH  

and N O, which are mainly influenced by the 

biological activity of animals and nutrient 

management, CO  rather reflects the 

intensification of fossil fuel consumption, thus 

reinforcing the idea that a significant part of 

the climate pressure associated with 

agriculture comes from indirect activities, but 

essential for the functioning of the sector. 

Methane (CH ), on the other hand, shows a 

slightly decreasing trend in the long term. 

While in 2008 the values were around 

438,000 Mg, after 2010 the levels stabilised at 

around 350,000ï360,000 Mg annually, with 

minor fluctuations between years. This 

gradual reduction can be explained by the 

decrease in cattle and pig herds, confirmed by 

parallel analyses of animal herds, as well as 
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by better efficiencies in manure management. 

Given that ruminants are the main source of 

enteric methane, their numerical decline 

directly contributes to the moderation of CH  

emissions. The very strong correlations 

previously calculated between CH  and cattle 

herds support this interpretation. 

 

 
Fig. 3. The evolution of GHGs during 2008-2024 
Source: Own design based on the data from NIS, 2026 

[15]. 

 

Regarding nitrous oxide (N O), the evolution 

shows a moderate increase, from 

approximately 30,000 Mg to values between 

31,000 and 35,000 Mg in subsequent years. 

This trend can be associated with the 

dynamics of forage areas, soil management 

and nitrogen fertilizer application. N O is 

closely linked to soil microbial processes, and 

its variations most likely reflect changes in 

agronomic practices, fertilization intensity and 

the evolution of forage areas. The moderate 

positive correlations (r å 0.72) between N O 

and total forage area, observed in previous 

statistical analyses, support the hypothesis 

that soilïnutrient factors are the main 

determinants of this pollutant. 

Hydrofluorocarbon (HFC) emissions, 

although lower in absolute terms than other 

GHGs, are steadily and rapidly increasing, 

reflecting the accelerated adoption of 

refrigeration and cooling equipment in farms, 

slaughterhouses and food distribution chains. 

This increase, from approximately 20,000 Mg 

in 2008 to over 53,000 Mg in 2024, indicates 

the expansion of refrigeration infrastructure, 

an aspect associated with the modernization of 

the sector, but also with a high climate 

footprint due to the very high global warming 

potential of these compounds (Fig.3). The 

Pearson correlation analysis presented in 

Figure 4 on the relationships between 

greenhouse gas emissions (CO , CH , N O, 

HFC), livestock numbers and forage crop 

areas over the period 2008ï2024 highlights a 

complex structure of interdependencies that 

reflect both biological and agronomic 

processes, as well as the socio-economic 

dynamics of the agro-zootechnical sector. The 

figure shows a set of well-defined positive 

and negative correlations, which allow 

understanding the dominant mechanisms 

associated with the generation of emissions 

and the use of agricultural resources. 

 

 
Fig. 4. The Pearson correlation matrix 

Source: Own calculations. 

 

A first notable result is the very high 

correlation between methane emissions (CH ) 

and cattle numbers (r å 0.99), the strongest 

association in the entire data set. This almost 

perfectly linear relationship confirms that 

large ruminants are the main source of enteric 

methane, and variations in their numbers are 

directly transmitted to annual CH  levels. A 

similarly high correlation between CH  and 

sheep (r å 0.98) suggests a cumulative 

contribution from small ruminants, although 

the individual impact per animal remains 

lower than for cattle. This pattern confirms the 

literature that attributes over 90% of 

agricultural methane to ruminants and 

highlights the sensitivity of emissions to 

livestock population dynamics. 

In contrast to methane, CO  shows a distinct 

evolution, being negatively correlated with 

cattle (r = ï0.76) and pig (r = ï0.97) herds. 

This inverse relationship indicates that the 

reduction in herds of these species, 
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documented in national data, is not reflected 

in a decrease in CO  emissions. On the 

contrary, CO  increases in parallel with the 

intensification of energy processes in 

agriculture ð mechanization, transport, use of 

refrigeration systems ð a fact supported by 

the extremely strong correlation between CO  

and HFCs (r = 0.95). This association 

suggests that the modernization of the food 

sector and the increase in the use of 

refrigeration equipment have amplified the 

contribution of emissions with high global 

warming potential, which indicates profound 

changes in post-harvest infrastructure and 

cold chains. Nitrous oxide (N O) shows an 

intermediate profile, with moderate 

correlations with both animal species and 

forage areas. Positive values with sheep (r å 

0.64) and pigs (r å 0.57) and negative values 

with goats (r å ï0.38) suggest a certain 

indirect contribution of livestock to total N O 

emissions, but the highest correlation value is 

observed between N O and total forage area (r 

å 0.72). This association confirms the 

dominant role of soil microbial processes 

responsible for nitrification and 

denitrification, influenced by nutrient 

management and forage crop-specific 

practices. At the same time, moderate 

correlations with alfalfa and green forage 

suggest that perennial and annual forage 

systems contribute differentially to soil 

nitrogen fluxes, depending on fertilization 

intensity and biomass dynamics. The 

correlation matrix also highlights relevant 

relationships between animal species and 

forage crops. Sheep, for example, show strong 

positive correlations with alfalfa (0.74) and 

arable green fodder (0.74), indicating the 

traditional co-evolution of extensive-pastoral 

systems with the national forage structure. In 

contrast, goats, although increasing in 

numbers, show lower values in relation to 

forage crops, which suggests a lower 

dependence on intensively cultivated forages 

and confirms their adaptability to natural 

pastures or spontaneous vegetation. Pigs also 

show high correlations with forage areas, but 

these values are influenced by the general 

dynamics of agricultural areas, as their type of 

forage is predominantly based on cereals and 

concentrated fodder, not on perennial forage 

crops. 

Analysing these relationships as a whole, the 

Figure 4 highlights three major climate 

mechanisms in the Romanian agricultural 

sector: (1) methane is almost entirely 

controlled by ruminants, especially cattle; (2) 

nitrous oxide is mainly determined by soil 

processes influenced by the area and type of 

forage crops; (3) carbon dioxide and HFCs are 

associated with energy intensification and 

modernization of agricultural infrastructure, 

not with livestock farming. This diversity of 

drivers shows that GHG emissions from 

agriculture do not respond uniformly to the 

same factors and that mitigation policies need 

to be tailored to each pollutant category: 

reducing CH  requires ruminant management, 

reducing N O requires soil and fertilization 

interventions, and reducing CO  and HFCs 

requires investments in energy efficiency and 

cleaner technologies. 

Principal component analysis (PCA) was 

applied to a set of standardized variables (z 

scores) covering greenhouse gas emissions 

(CO , CH , N O, HFC), livestock (Bovines, 

Pigs, Sheep, Goats) and forage indicators 

(GreenFodder_Arable, Alfalfa, Clover, 

Annual_GreenFodder, Fodder_Total), for the 

years 2008ï2024. Standardization and PCA 

calculation were performed with classical 

procedures (centered and scaled scores, 

decomposition on the covariance matrix of 

standardized data).  

 

 
Fig. 5. The principal component analysis boxplot 
Source: Own design. 
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The three-dimensional Figure 5 (scores + 

loading vectors) synthesizes the relationship 

between the three components: PC1 

consistently separates the energy dimension 

(CO /HFC) from the zootechnical one, PC2 

aggregates the feed/soil variables, and PC3 

places N O and CH  in the proximity of 

ruminants, highlighting their biological 

character. The variant with only loading 

vectors (without scores) encapsulates the 

same message in a clean map of the dominant 

directions: the arrows for energy GHGs are 

distinct from the arrows for feed and ruminant 

variables, and N O/CH /Bovines jointly 

define the ñbiologicalò axis. 

The figure ñComponent Plot in Rotated 

Spaceò highlights the organization of 

variables into three major agricultural 

subsystems, the structure of which results 

from the rotation of the principal components. 

The first grouping is represented by the 

agronomic subsystem, predominantly 

associated with Component 2, where variables 

describing forage crops and cultivated areas 

present high loadings and convergent 

orientations. This structuring reflects the fact 

that agronomic processes, such as crop 

productivity and land management, constitute 

a distinct explanatory factor in the 

multivariate architecture of the agricultural 

system. 

The second group is the livestockïemissions 

subsystem, located mainly on the combined 

directions of Components 1 and 3. Variables 

such as CH , CO , HFC, as well as the number 

of Bovines and Sheep, along with the 

perennial crop Alfalfa, align in this area. Their 

configuration indicates a clear association 

between livestock production ð especially 

ruminant production ð and biological and 

energy flows of greenhouse gases, confirming 

the fundamental role of this subsystem in 

determining the agricultural climate footprint. 

Between the two extremes lies the 

intermediate subsystem, formed by variables 

such as Goats, N O and Fodder_Total. This 

group occupies a central area in the rotated 

space, suggesting a role as connecting points 

between soil and forage crop dynamics, on the 

one hand, and livestock activity, on the other. 

Their intermediate location reflects the mixed 

nature of these processes: Goats is a flexible 

species in relation to plant resources, N O is 

produced by both biological and agronomic 

processes, and Fodder_Total synthesizes the 

interaction between feed availability and herd 

structure. 

This triad ï agronomic, zootechnicalï

emissions and intermediary ï reveals a 

coherent architecture of the agro-ecological 

system, in which climatic, biological and 

agronomic processes are deeply 

interconnected, but at the same time 

structurally differentiated by their orientation 

in the space of the main components. 

 

 
Fig. 6. Top 3 variables per principal component (PC1ï

PC3) 

Source: Own design. 

 

The Figure 6 highlights the latent structure of 

the analysed agroecosystem system, 

synthesized by the first three principal 

components resulting from the PCA analysis 

applied to the set of zootechnical, agronomic 

and emission variables. Each component 

retains a coherent subsystem from a functional 

and statistical point of view, indicating the 

existence of distinct but interdependent 

agricultural processes. The first principal 

component (PC1) captures a zootechnicalï

energetic subsystem, in which variables such 
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as Pigs, HFC and Alfalfa present the highest 

absolute loadings. Their configuration 

suggests that PC1 reflects a structural gradient 

associated with intensive zootechnical 

systems, characterized by high pig herds, 

significant energy consumption (marked by 

the presence of HFC as an indicator 

associated with refrigeration and air 

conditioning infrastructure) and the use of 

perennial crops such as alfalfa, which are 

essential in the rations of high-productivity 

farms. This component thus describes an 

integrated dimension of industrial animal 

production and its dependence on specific 

energy and feed resources. The second 

component (PC2) clearly highlights an 

agronomic subsystem, dominated by variables 

such as GreenFodder_Arable, Clover and 

Fodder_Total. These loadings reflect an 

essential factor of plant production, related to 

soil management, forage crop rotations, 

cropland structure and the availability of 

fodder for animal feed. PC2 can be interpreted 

as the agronomic dimension of the system, in 

which fodder production and soil quality are 

primary elements that indirectly influence 

livestock performance and the level of 

associated emissions. The third component 

(PC3) configures a bio-emissions subsystem, 

in which the variables N O, Bovines and CH  

present the highest loadings. The 

simultaneous presence of biological emissions 

(CH  from enteric fermentation, respectively 

N O generated by soil microbiological 

processes) alongside cattle herds indicates an 

ecological mode in which greenhouse gas 

fluxes are closely correlated with ruminant 

metabolism and the soil nitrogen cycle. PC3 

thus captures the core of biogeochemical 

processes in agriculture, combining the 

influence of ruminants with the dynamics of 

fertilized soil, which reinforces the integrated 

nature of CH  and N O emissions within the 

system. Overall, the figure reveals a tripartite 

architecture of the agricultural system: a 

livestock-energy subsystem, an agronomic 

subsystem based on forage production, and a 

bio-ecological emissions subsystem. The 

relationships identified show that these 

processes do not act in isolation, but are part 

of a complex system in which livestock 

structure, soil management, and energy 

consumption together shape environmental 

pressure and agricultural performance. This 

interpretation confirms the importance of 

integrated approaches in assessing agricultural 

sustainability, highlighting the need for 

differentiated policies to reduce CH , N O, 

and CO , specifically adapted to each 

identified subsystem. 

 

CONCLUSIONS 

 

Taken together, this study confirm that the 

structure of forage crops has remained largely 

stable in the long term, but with occasional 

adjustments related to climatic, technological 

and economic factors. This stability is 

essential for the functioning of livestock 

systems, as continuity in forage production is 

a critical element for maintaining farm 

performance, especially in regions dependent 

on their own feed production. 

On the ecological dimension, the dynamics of 

forage crops have direct implications for 

greenhouse gas emissions, in particular 

nitrous oxide (N O). The expansion of 

legumes (alfalfa, clover) can contribute to 

reducing the use of synthetic fertilizers, thus 

reducing associated emissions. Conversely, 

the decrease in the area of these crops in 

certain years can lead to increased pressure on 

the soil, if they are replaced by crops that 

require intensive fertilization. The correlation 

identified between N O and total forage area 

observed in previous statistical analyses 

underlines the active role of soil management 

in shaping emission fluxes. In conclusion, the 

evolution of forage areas during the period 

2008ï2024 reflects a continuous adaptation of 

agricultural systems to climatic and economic 

challenges, while maintaining a stable 

functional structure, adequate to livestock 

needs. This balanced dynamic between 

stability and gradual adjustment is essential 

for the resilience of the agro-zootechnical 

sector and constitutes a fundamental element 

in the evaluation of national strategies 

regarding agricultural sustainability and GHG 

emissions reduction. The comparative 

analysis of the evolution of GHGs highlights 

the fact that their dynamics are not uniform, 
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but determined by different mechanisms. 

While CO  is increasing exponentially due to 

the energy intensification of agriculture, CH  

is decreasing as a result of the reduction of 

ruminant livestock, and N O remains 

moderately dependent on agricultural soil 

management practices. HFCs show an 

accelerated growth, reflecting the 

modernization of agri-food chains and the 

technological advancement of post-harvest 

infrastructure. This diversity of trajectories 

indicates the need for differentiated emission 

reduction policies by category of pollutants, 

as they react differently to agricultural 

management measures. Overall, the data 

suggest that the period 2008ï2024 was 

characterized by an energy intensification of 

the agricultural sector and a reduction in the 

biological components that generated 

methane, but also by a gradual increase in 

flows associated with soil fertilization. This 

complex evolution confirms that reducing the 

climate footprint of agriculture requires 

integrated interventions, targeting both energy 

efficiency and the management of livestock, 

soils and technologies in the food supply 

chain. The perspectives on changes in 

production practices, technological 

developments, the adaptation of livestock 

management strategies, as well as the impact 

of agricultural and environmental policies 

implemented in Romania during the analysed 

period are integrated. 
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Abstract 

 

This study assesses the influence of fuel subsidy removal on technical efficiency (TE) of Staple Crop Production in 

Gombe State. Multistage, purposive and simple random sampling techniques was used to select 360 farmers, data 

were collected with the aid of structured questionnaires. The results revealed that majority of the respondents were 

male (66.94%), adults with a mean age of 60 years, married (81.67%), household size of 10 persons and above 

(54.44%) and good literacy level of (89.73%). Source of financing is personal savings, the SF analysis showed that 

coefficients of farm size (0.2734) was significant at 1%, fertilizers and quantity of seeds were both significant but at 

5%, while family size, hired labour and agrochemical were all significant at 10%. This suggests that a slight 

increase in fuel price significantly affect staple crop production, evident from their mean TE of 56%. Gamma was 

0.85.Constraints such as, high cost of petrol, high cost of transportation, labour, fertilizer, quality seeds, were the 

highest. Government should refine crude oil locally, tax exemption on inputs, establish mega stores, revive extension 

services. 

 

Key words: effects, subsidy removal, technical efficiency, staple crop, production 

 

INTRODUCTION  

 

On May 29, 2023, in Nigeria it was officially 

announced the removal of the decade-long 

subsidy on petroleum products. The reason 

was the budget deficit and the need to channel 

the funds towards public infrastructure and 

improving the lives of the Nigerian people. 

The fuel subsidy removal led to the inflation 

increase which has affected the population. 

Removal of fuel subsidy, there was a very 

dramatic rise in prices of premium motor 

spirit (petrol) from less than 200 per litre to 

550/litre, which in turn triggers an 

astronomical rise in the price of goods and 

services including those of agricultural inputs 

[3]. Furthermore, the prices of petrol kept 

increasing by the day to the extent that prices 

of food as well as prices of agricultural inputs 

such as quality seeds, fertilizers, pesticides, 

herbicides as well as cost of labour and 

transportation skyrocketed beyond the reach 

of an average farmer [1]. 

Total removal of the fuel subsidy ignited 

poverty and food insecurity in Nigeria [7]. It 

has to evolve strategies of how to mitigate the 

effects of fuel subsidy removal such as 

investing in agricultural investment and 

subsidize transportation to cushion the impact 

on food security. Furthermore, incorporating 

safety nets like providing free healthcare 

services for low-income earners and free or 

subsidized education is essential to bridge the 

wide income inequality in the country [6]. 

Staple crop is simply defined as food which 

dominates substantial portion of our and for 

provision our energy and nutrient needs. This 

suggest that when such crops are subjected to 

drought, poor-nutrient soils, pests and 

diseases, hunger and poverty are imminent at 

an alarming proportion. Staple crops are 

commodities traded all over the world. 

Therefore once they are threatened by difficult 
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growing conditions limit their output, 

consequently their effects are felt globally.  

Recently, the government has been 

contemplating whether or not to remove fuel 

subsidies, a decision that has far-reaching 

implications for the poor citizens. Although 

removing fuel subsidy may be necessary to 

stabilize the economy, concerns about what 

impact will it have on the average citizens, 

agriculture, especially those already burdened 

by the challenges of daily living [8]. 

Traditionally, fuel subsidies were believed to 

have a dual impact in Nigeria. While it is 

meant to alleviate financial burden on the 

government and trigger economic growth, its 

removal has generated a domino effect on the 

cost of living. One of the most immediate and 

visible consequences is the surge in fuel 

prices, directly impacting transportation costs 

and subsequently affecting the prices of staple 

crops, goods and services [8].  Conversely, 

removing the subsidies has resulted to 

inflationary pressures, rendering the overall 

economic landscape a serious for the average 

citizen. Inflation eroded value of consumers 

spendings making it harder for individuals 

and families to take care of their basic needs.  

This situation becomes deepening resource 

poor farmers, hence amplifying existing 

socioeconomic disparities [8]. When harvests 

are poor or when crops are channelled to fuel 

production, rather than food or fodder, then 

prices escalate, farmers face financial ruin, 

food becomes unaffordable to the poor, 

national revenues are diverted to food 

imports, adding to national and individual 

vulnerability. Typically, people depend on a 

diet from on one or more of the following 

staples: wheat, rice, sorghum, corn, maize, 

millet, roots and tubers (like potatoes, cassava 

and yams), and animal products such as eggs, 

cheese, meat, milk and fish. Almost half of 

humanity depend on rice. Roots and tubers are 

important staples for over one billion people 

in underdeveloped nations, of which, nearly 

40% are consumed by half the population of 

sub-Saharan Africa [5]. 

Subsidies are important policy instrument 

adopted by governments to attain economic, 

social and environmental objectives. For 

example, energy resources are one of the areas 

that have witnessed active intervention of 

governments all over the world, especially in 

developing countries through comprehensive 

subsidization of energy consumption [11].  

Nigeria, the country with highest populous in 

Africa, had a per capita gross domestic 

product of US$1,437, in 2010, slightly greater 

than US$ 1,311 found in Sub-Saharan Africa. 

However, 68 percent of the Nigerians depend 

on less than US$1.25 per day as compared 

Sub-Saharan Africa with to 48 percent. 

Poverty and inequality the order of the day in 

Nigeria (World Bank, 2013) [17]. 

Over the last four decades, petroleum has also 

become Nigeriaôs top export commodity. The 

share of petroleum in Nigerian exports peaked 

at 97 percent in 1984 and has not been less 

than 90 percent since. In conclusion, Nigeria 

is strongly dependent on petroleum [15]. 

In spite being Africaôs largest oil producer, 

the country depends heavily on imported 

petroleum products, principally fuels, from 

the European Union [12]. 

Its four refineries, Port Harcourt I and II, 

Warri, and Kaduna have a combined capacity 

of approximately 445,000 bpd (barrels per 

day), which could potentially satisfy 63 

percent of domestic demand. However, these 

refineries are operating far below capacity due 

to operational failures, poor maintenance, 

sabotage on petroleum pipelines feeding 

refineries, theft, and fire [4]; [2]. In 2009 and 

part of 2010, particularly low refinery runs 

forced the country to import approximately 85 

percent of its petroleum product consumption 

[2].  

Rice (2012) suggests that even in ógoodô 

years, domestic refineries have satisfied only 

25 percent (maximum) of domestic 

consumption [14]. 

The main effect of the subsidy removal is the 

hike in transportation costs triggered by high 

fuel prices, directly impacting agricultural 

production. Farm inputs and production rely 

on fuel for transportation and to power the 

machines. Hence, the high costs of transport 

have exacerbated food shortages in the 

country as consumers struggle to buy daily 

meals at increased rates [6]. 

The Nigerian government must invest more in 

the agricultural sector to ensure food security. 
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According to FAO, Nigerian government 

allocates less than 10 percent of its national 

budget to agricultural sector. There is 

inadequate allocation of resources to cushion 

the effects of fuel subsidy removal on 

agricultural productivity. Therefore, given the 

current subsidy removal, more has to be 

directed to the agricultural sector for 

improving infrastructures and subsidizing 

inputs such as seedlings and fertilizers. This 

can help reduce the burden on farmers and 

making cost of production affordable. By so 

doing, Nigeria can minimize the effects of the 

subsidy removal on agricultural productivity 

[6]. 

Objectives of the Study 

The main aim of the study is to assess effects 

of fuel subsidy removal on economic 

efficiency of staple crop production in Gombe 

State, Nigeria. However, the specific 

objectives were to: 

(i)identify and describe socioeconomic 

characteristics of staple crop farmers in 

Gombe State, 

(ii)evaluate the impact of fuel subsidy 

removal on technical efficiency of staple crop 

production in the study area, 

(iii)investigate the impact of transportation 

cost on availability and affordability of inputs 

of staple crops in the study area, and to 

(iv)determine strategies to ameliorate the 

effects of fuel subsidy removal on staple crop 

production in the study area. 

 

MATERIALS AND METHODS  

 

The Study Area 

The study was carried out in Gombe State, 

Nigeria. Gombe State is located between 

Latitude 9°30' and 12° N and Longitude 8°45' 

and 11°45'E. It shares boundaries with Yobe 

State to the North, Borno and Adamawa 

States to the East, Bauchi State to the West 

and Taraba State to the South. The State has a 

flat landscape in the North while southern 

parts of the state have isolated hills. The 

elevation of the plain is at about 600 meters 

above sea level; the hills reach between 700 

meters and 800 meters. According to [9] the 

relief is categorized into four units such as: 

the river basin (33.0%), plains (34.7), uplands 

(26.7%) and Highlands (5.8%).  

The climate is characterized by the alternating 

wet and dry season. The maximum daily 

temperature of 380C is experienced during the 

hot dry seasons (March to April), the 

minimum temperature is 250C and the annual 

mean temperature is 36.30C [10]. The 

vegetation of Gombe State falls within the 

Sudan Savanna and the trees are measured up 

to three meters where some are in groups and 

others are isolated [16].  

The people are mainly farmers with a 

population of 2,353,879 during 2006 

population census [11, 13]. Gombe State falls 

within three (3) distinctive Agro Ecological 

zones namely; Southern Guinea Savannah 

(SGS), Northern Guinea Savannah (NGS) and 

Sudan Savanna. 

Population of the Study 

The population of the study shall comprise of 

all staple crop farmers residing within the 

eleven (11) Local Government Areas of 

Gombe State. 

Method of Data Collection 

A well-structured questionnaire was 

administered to the staple crop farmers via 

scheduled interview to elicit data from them.  
Sample Size and Sampling Technique  

Multi -stage, cluster, proportionate and simple 

random sampling techniques will be 

employed in the selection of the respondents 

in the following order.  

In the first stage, Gombe State will be 

clustered into four zones namely, Gombe 

North (Nafada, Funakaye, Dukku and 

Kwami), Gombe Central (Gombe, Akko and 

Yamaltu Deba) and Gombe South (Billiri, 

Kaltungo, Balanga and Shongom) using the 

Gombe State Agricultural Development 

Classification.  

In the second stage, Cluster sampling will be 

used to cluster each zone into Local 

Government Areas.  

In the third stage, proportionate sampling was 

used to select (Funakaye and Kwami) from 

Gombe North, Akko LGA from Gombe 

Central while Billiri and Kaltungo from 

Gombe South. In the fourth stage, three 

villages from each local government area 

selected followed by selecting 20 staple crop 
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farmers using simple random sampling giving 

rise to a total of 360 farmers. 

Method of Data Analysis 

The data to be collected for the study will be 

analysed using both descriptive statistics and 

inferential statistics. The descriptive statistics 

employed comprises of simple percentages 

and frequency distribution, while the 

inferential statistic used include Stochastic 

Frontier Production Model (SFPM) to 

determine the effects of transportation cost on 

both technical efficiency of the staple crop 

farmers and Logit Regression Techniques 

(LRT) to examine the impact of transportation 

cost on availability of inputs of staple crop in 

the study area. A four (4) point Likert type 

scale of Strongly Agreed (SA), Agreed (A), 

Disagreed (D) and Strongly Disagreed (SD) 

assigned values of 4, 3, 2 and 1 will be used to 

determine the extent of relationship existing 

between transportation cost and availability 

and affordability of inputs of staple crops in 

the study area. Data will be analysed using 

STATA 11 and Statistical Package for Social 

Science (SPSS) version 27. 

RESULTS AND DISCUSSIONS 

 

Socioeconomic Characteristics of the 

Respondents 

The results on the socioeconomic 

characteristics which comprises of age, sex, 

marital status, household size, educational 

attainment, sources of finance, farming 

experience were presented on Table 1.  

From the result, 33.61% were aged 30-39 

years, 29.17% between 50 -59, while only 

6.94% were below the age of 30 years. This 

shows that majority of the respondents were 

adult farmers. The result shows that majority 

(66.94%) of the farmers were male while 

33.06% were females. The result further 

shows that most of the respondents (81.67%) 

were married, 3.89% were widows while only 

14.44% were singles, with majority (54.44%) 

having a household size of 10 and below and 

overwhelming majority (89.73%) having one 

form of formal education or the other as only 

(10.27%) had not gotten a formal education in 

the study area. majority (58.61%) of the 

respondents had personal savings as their 

main sources of financing their farm 

operations, 20.28% family and friends while 

only 8.33% From cooperative society. The 

result further suggest that the respondents 

were experienced in staple crop production 

(such as rice, maize, beans, millet, groundnut) 

with 70.28% having 6-10 yearsô experience, 

11.11% having more than 10 years farming 

experience. The result on their contact with 

extension agents in their locality revealed that 

82.78% had contact with them. Majority 

(71.39) of the respondents are yet to join a 

cooperative organization.  

 
Table 1. Distribution of Socio-economic Characteristics 

of the Respondents 
Variable Parameter Coefficient 

Age Frequency Percentage 

20-29 25 1.2135 

30-39 121 0.2734 

40-49 105 0.1880 

50-59 86 0.0193 

>60 23 0.0332 

Mean = 61  0.1486 

Sex Frequency Percentage 
Male  241 66.94 

Female  119 33.06 

Marital status Frequency Percentage 

Single 52 14.44 

Married 294 81.67 

Widow  14 3.89 

Household size Frequency Percentage 

1-10 196 54.44 

11-20 134 37.22 

21-30 27 7.50 

31-40 3 0.84 

Educational level Frequency Percentage 

Non formal Educ. 37 10.27 

Primary 82 25.56 

Secondary 189 52.50 

Tertiary  42 11.67 

Source of Finance Frequency Percentage 

Personal saving 211 58.61 

Family and friends 73 20.28 

Commercial bank 28 7.78 

Agricultural bank 18 5 

Coop. society 30 8.33 

Farming exper. Frequency Percentage 

<1 19 5.28 

1-5 48 13.33 

6-10 253 70.28 

11 and above 40 11.11 

Ext. Agent Visit Frequency Percentage 

Yes 298 82.78 

No  62 17.22 

Memb. of coop. Frequency Percentage 

Yes  103 28.61 

No  257 71.39 

Source: Field survey, 2025. 

 

Impact of Fuel Subsidy Removal on 

Technical Efficiency of Staple Crop 

Production 

The Maximum Likelihood Estimate (MLE) of 

the Parameters of the Stochastic Frontier 
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Production Function was presented on Table 

2.  

The maximum likelihood estimates of the 

production function was employed to explain 

the influence of the explanatory 

variables(production inputs) in the era of fuel 

subsidy removal on the output of staple crop 

production and also the effect of each of the 

variables on the technical efficiency of the 

farmers. The elasticity estimates (ɓ1 - ɓ6) of 

the explanatory variables were all positive, 

indicating that they were important 

determinants of the output. 

The result shows that all the variables all carry 

the expected positive signs and were 

significant. The coefficients of farm size 

(0.2734) were significant at 1%, fertilizers 

(0.0812) and quantity of seeds (0.1880) were 

also significant but at 5%, while family size 

(0.0193), hired labour (0.0332) as well as 

agrochemical (0.1486) were all significant at 

10%. This suggest that the coefficient of farm 

size being (0.2734) and seed (0.1880) implies 

that a unit increase in the farm size and 

quantity of seeds of the farmers in the area 

during the zero- fuel subsidy era will 

influence increase in output by 27.34% and 

18.80% respectively, ceteris paribus. 

Similarly, the coefficients of hired labour, 

quantity of agrochemicals (pesticides and 

herbicides) being significant at 10% suggests 

that a unit increase in the quantities of the said 

variables will account for 3.32% and 14.86% 

increase in output of the farmers respectively. 

This clearly shows that any attempt to tamper 

with the farmersô ability to acquire the 

variables in adequate quantities timely will 

exert a significant setback on their TE and 

allocative efficiencies accordingly.  

Similarly, the inefficiency parameters were all 

negative except formal education as well as 

household size which were positive thus, the 

parameters which carry the expected signs 

have met the apriori expectations, implying 

that the variables increase efficiency of staple 

crops production in the study area and vice-

versa. 

Sigma squared (ů2) was statistically 

significant at 1% level, indicated a good fit 

and the correctness of the distributional form 

assumed for the composite error term in the 

model.  

The variance ratio gamma, (ɔ) was found to 

be 0.85 and is statistically significant at 1% 

level, implying that 89% of the variation in 

output of groundnut among the farmers was 

due to their differences in technical 

efficiencies.  

This justifies the reason why the ordinary 

least square estimates (OLS) cannot 

adequately explain the differences in technical 

efficiencies among the farmers. Furthermore, 

all the input coefficients were less than one, 

implying that input allocation was in stage II 

of the production function. Similarly, the sum 

of all the input elasticity is 0.74 indicating that 

staple crop production in the area is inelastic 

and is in stage II of the production function, 

which is also termed as the rational stage of 

production. 

 
Table 2. Maximum Likelihood Estimate of the 

Stochastic Frontier Production Function 
Variable Parameter Coefficient Stand. 

error 
t-ratio 

Factors      

Constant         ɓ0 1.2135 0.0128 54.7786 

***  

Farm size (X1)        ɓ1 0.2734 0.0569 2.1535 

***  

Qty. ofseed   (X2)               ɓ2 0.1880 0.0682 1.4730 

**  

FamilySize   (X3)        ɓ3 0.0193 0.0591 1.3875* 

Hired Labour (X4)        ɓ4 0.0332 0.0339 1.2381*  

Agrochem.(X5)        ɓ5 0.1486 0.0824 2.0523* 

Fertilizers (x6)        ɓ6 0.0812 0.0512 1.9669** 

Inefficiency 

Effects 

    

Age (z1)        ŭ1 0.3797 0.0569 4.5316 

***  

Education (z2)        ŭ2 -0.3130 0.0166 -3.9056 

***  

Farm. exp.(z3)        ŭ3  0.0161 0.0177  -2.9088 

**  

Farmincom.(z4)        ŭ4 -0.2093 0.9803 -2.1352* 

Ext.contact(z5)        ŭ5 -0.0073 0.0100 -0.8271 

Householdsize 

(z6) 

       ŭ6  0.0145 0.0274  0.5290 

Seed variety (z7)        ŭ7  0.0091 0.0079 -1.1482 

Diagnosticstat.     

Sigma squared        ů2 0.1036 0.0686 17.7230 

***  

Gamma       (ɔ) 0.8543 0.2287 3.8946 

***  

Source: Computer output from Frontier 4.1***Sig. at 

1% level; **=5% level; * =10%. 

 

Technical Efficiency Estimates of the 

Staple Crop Farmers 

The distribution of farmersô technical 

efficiency (TE) indices extracted from the 

stochastic frontier production function 

analysis is presented in Table 3. Generally, 
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the technical efficiency of the sampled 

farmers is less than 1.0, indicating that staple 

crop farmers in the study area were producing 

below the maximum efficiency frontier. There 

exists a very large difference in technical 

efficiency among the staple crop farmers. This 

therefore implies that the best farmers 

(0.56%) were within a technical efficiency 

range of 0.90 - 0.99, while only few farmers 

(9.17%) were regarded as the worst, with 

technically efficiency range of 0.30 ï 0.39. 

 
Table 3. Technical Efficiency of the Staple Crop 

Farmers 

Range of TE Frequency Percentage 

0.30 ï 0.39 33 9.17 

0.40 ï 0.49 98 27.22 

0.50 ï 0.59 106 29.44 

0.60 ï 0.69 51 14.16 

0.70 ï 0.79 57 15.83 

0.80 ï 0.89 13 3.61 

0.90 ï 0.99 2 0.56 

Total 360 100 

Mean = 0.56   

Max. = 0.94   

Min. = 0.36   

Source: Field survey, 2025. 

 

Constraints Posed by Fuel Subsidy 

Removal on Staple Crop Farmers 

The distribution of the nature of constraints 

influenced by fuel subsidy removal was 

presented on Table 4.  

The result was also ranked on the basis of 

severity of agreement that fuel subsidy greatly 

influenced the presence of the constraint or 

otherwise on farmers during the last farming 

season. A very great disparity of disagreement 

prevailed among those who agree with those 

who disagreed that the perceived constraint 

constituted impediments to staple crop 

production in the area. 

The results suggest that general hike in 

transportation cost posed serious threat to 

cultivation of most farms who are usually far 

from home and was ranked 1st followed by 

sharp increase in cost of labor often beyond 

the scope the farmers on sustainable basis. 

They expressed their frustrations that no 

matter their zeal to expand production is 

usually met with their inability to hire labour 

or even transport themselves to the farm. This 

is in agreement with [8].  

High cost of quality fertilizers, seed and 

reduction in yield were ranked 3rd, 4th and 

5th most severe constrains in the area. 

As a result, majority were left with no other 

options but to plant seed from the previous 

harvest as well as helplessly watch the crop 

plants in need of fertilizers because it is 

simply unaffordable to them as buttressed by 

[6]. 

The result further revealed that scarcity of 

quality seed and rapid incidence of theft of 

crops on the farm were regarded as the 6thand 

7th sever constraints respectively.  
 

Table 4. Distribution of Constraints posed by Fuel 

Subsidy Removal on Staple Crop Farmers 
Nature of Constraints  S. Agree 

Freq.  (%)  

Agree 

Freq. (%) 

 S. D 

 F (%) 

Disagree 

 Freq (%) 

Rank 

 
 

 

High transp. cost  353 (98) 7 (2) 0 (0) 0 (0) 1st  
High cost of labor 328 (91)     25 (7) 0 (0) 7 (2) 2nd  
High cost fertile. 320 (89)    32 (9) 0 (0) 7 (2) 3rd  
High cost of seeds 295 (82)    32 (9) 11(3) 22(6) 4th  
Reduction in output  292 (81)   54 (15)  7 (2) 7(2) 5th  
Scarcity of qlty. 

seed 

270 (75) 36(10) 25(7) 29(8) 6th  

Rapid theft 263 (73)  22(6) 14(4) 61(17) 7th  
High cost of  

herbicides 

252 (70) 80 (22) 7 (2)  22(6) 8th  

Reduce farm size 248 (69)   40 (11) 43(12) 29 (8) 9th  
Adulterated fertilizers 238 (66)  83 (23) 33 (9) 7(2) 10th  
High cost of storage 

facilities 

234 (65)  50 (14) 43(12)  33 (9) 11th  

Change of crop cult. 201 (56)  76 (21) 29(8) 54(5) 12th  
Source: Field survey, 2025.  

 

The thefts often take place prior to maturity of 

the crops on the farm. Others take place after 

the crops have matured and ready for harvest. 

Sometimes Fulanis herds evade farms at night 

and devour the harvest before day breaks. 

However, the least severe constraints 

expressed by the respondents were High cost 

of storage facilities and change in crop under 

cultivation representing the 11th and the 12th 

constraints. According to the respondents, due 

to high cost of fertilizer made them to grow 

legumes which have less demand for chemical 

fertilizers. Furthermore, the prices of petrol 

kept increasing by the day to the extent that 

prices of food as well as prices of agricultural 
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inputs such as quality seeds, fertilizers, 

pesticides, herbicides as well as cost of labour 

and transportation skyrocketed beyond the 

reach of an average farmer [1]. 

This is in line with [6], farmers encountered 

wide range of constraints include hike in 

transportation cost, labour, fertilizers, seeds, 

reduction in output, scarcity of quality inputs 

as well as theft were ranked and recorded in 

order of severity among other constraints as 

asserted by [8]. 

Unless swift action is taken to bring down 

inflation, farers would have no option but to 

revert back to peasant farming. Consequently, 

cultivating farmland which are mostly distant 

away from houses of farmers became serious 

issues. Furthermore, high cost of petrol 

resulting to hyperinflation led to farmersô 

inability to acquire inputs as well as regularly 

afford high cost of transportation during 

farming season thereby affecting their 

efficiency levels as opined by [6]. 

 

CONCLUSIONS  

 

Majority of the staple crop farmers though 

they are literates, were poor resource small-

scale, who rely on their personal savings as 

means of financing their agricultural 

production activities. Fuel subsidy removal 

has severely hit staple crop production in 

Gombe State, given their resource base and 

serious hyper inflation of everything they 

need for survival, including all inputs and 

labour. This resulted in reduction of farm size, 

poor output as well as change in crop type in 

some cases due to high cost of fertilizer, seeds 

and other agrochemicals. The resultant effect 

was myriads of constraints added to already 

existing ones, thus making situation worse for 

the farmers. Many farmers hardly survive the 

current situation in the country. 

Recommendations 

It is recommended that in view of government 

should: 

(i)find means of focusing on local refining of 

fuel to enable price of the commodity fall 

significant enough to bring about reduction in 

transportation cost which will in turn result 

into reduction in inflation of goods and 

services, including agricultural inputs. 

(ii)Government should give tax exemption on 

all agricultural inputs and also provide to 

farmers at subsidized rates. 

(iii)In addition, government is advised to 

establish mega stores in all the 774 local 

governments across the country where 

farmers can access quality inputs on credit to 

be paid just before the next planting season, in 

such a way to attract good prices for farmers 

to enable them pay back their loan easily. 

(iv)Government is also advised to reinvigorate 

the extension system for enhancing farmers 

education as well as monitoring farmers 

activities with the view to advise to 

recommend to government who to receive 

loan of agricultural inputs at zero interest 

rates. 

(v)Farmers are encouraged form cooperatives 

to boost production and also enhance their 

livelihood. 

(vi)To ensure that the input subsidy and credit 

is not abused, all such inputs provided by 

government should be properly labelled and 

backed up by strict legislation providing for 

punishment to violators. 

(vii)Government is advised to reincarnate the 

fertilizer blending plants in the country to 

lower cost of fertilizers in the country     
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Abstract 

 

The present study examines the management of winter hospitality in traditional mountain destinations, focusing on 

Maramureѽ County, Romania. In regions where tourism demand compresses into short seasonal windows, and 

where hospitality remains deeply embedded in local socio-cultural practices, operators face managerial tensions: 

sustaining service quality while navigating labour volatility, environmental pressures, and the need to preserve 

experiential authenticity. The analysis investigates how accommodation providers respond to these constraints 

during the winter peak and how such strategies shape visitor satisfaction and local economic resilience, through a 

mixed-methods approach that combines surveys of tourists and accommodation providers with semi-structured 

interviews conducted among managers across key tourism nodes, while integrating Net Promoter Score (NPS) 

indicators, Likert-scale, regression modelling, cluster analysis, and demand-forecasting techniques. Results suggest 

that establishments relying on adaptive staffing, locally anchored food supply chains, and curated winter 

experiences display greater operational stability under fluctuating demand. Yet structural fragilities persist, most 

notably infrastructure bottlenecks, rising operating costs, and growing weather volatility. Within this context, 

tradition-informed management emerges not as nostalgia but as a pragmatic pathway toward more resilient 

mountain tourism systems. 

 

Key words: hospitality management, winter tourism, mountain regions, sustainable tourism development  

 

INTROD UCTION  
 

Winter tourism in mountain regions operates 

within a structural tension: seasonal 

concentration amplifies visitor flows and local 

income circulation while simultaneously 

compressing labour demand, supply chains, 

energy consumption, and transport pressure 

into a narrow, often volatile, temporal 

window. In Eastern European mountain 

destinations, this tension becomes even more 

pronounced, largely because tourism 

development is not anchored solely in snow-

based recreation. Rather, the visitor 

experience tends to depend on a dense fabric 

of seasonal rituals, vernacular architecture, 

regional gastronomy, and locally embedded 

social relations (Andereck et al., 2006) [2]. In 

this sense, MaramureἨ offers a particularly 

clear illustration of such a configuration: ski-

oriented visitation concentrates around BorἨa 

and its surrounding slopes, while, at the same 

time, there is a parallel demand for culturally 

immersive stays in settlements like ViἨeu de 

Sus, Poienile Izei, and the villages scattered 

along the Iza Valley, places where hospitality 

practices remain closely intertwined with 

everyday rural life and with the local rhythms 

of the community, even if these dynamics are 

not always fully visible in standard tourism 

statistics (Arion et Muresan, 2008) [4]. Recent 

statistical evidence confirms the consolidation 
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of MaramureἨ as a winter tourism destination 

due to the reported figures for 2024 that 

indicates 311,513 tourist arrivals and 581,975 

overnight stays, values exceeding those 

recorded in 2023; earlier county analyses had 

already documented a rise in arrivals from 

264,330 in 2022 to 298,238 in 2023, 

accompanied by a gradual expansion of 

accommodation capacity and agritourism 

pensions (Mihalache et Boiciuc, 2024) [17]. 

Local dynamics seem to reinforce this broader 

trajectory, since in BorἨa and ViἨeu de Sus the 

accommodation supply has gradually 

expanded alongside a visible increase in 

visitor interest, something also reflected in 

platform-based review scores that generally 

indicate high levels of guest satisfaction in 

professionally managed units, while BorἨaôs 

ski infrastructure itself has become more 

competitive, with the Olympic slope and its 

gondola system offering roughly 6.45 km of 

ski terrain and a transport capacity of around 

1,800 persons per hour, although other resort 

registries slightly differ and place the overall 

length of the Olimpica-BorἨa ski domain 

closer to 7 km [25]. Yet quantitative 

expansion does little to resolve the more 

complex managerial dilemma: which winter 

hospitality model remains viable in a 

traditional mountain region confronted 

simultaneously with climate volatility, 

escalating operating costs, and persistent 

labour scarcity? It is precisely in this context 

that MaramureἨ gains analytical relevance 

within the broader discussion on mountain 

tourism systems, because the county does not 

operate as a conventional ski destination in 

the narrow sense of infrastructure-led winter 

tourism [16]; rather, its attractiveness emerges 

from a culturally dense territorial landscape in 

which wooden architecture, family-based 

agrotourism households, regional gastronomy, 

and, still observable in certain rural nods, 

forms of horse-drawn mobility coexist with 

heritage assets such as the historic steam 

railway departing from ViἨeu de Sus 

(GiambaἨu et al., 2016) [13]. These elements 

should not be interpreted as marginal or 

folkloric curiosities. because they actively 

structure the experiential economy of the 

region and shape visitor expectations 

regarding what a winter stay in MaramureἨ 

should represent (Smedescu et Fîntîneru, 

2013) [26].  

The academic literature has long approached 

seasonality not as a temporary market 

inconvenience, but as a structural condition 

embedded in the operational logic of tourism 

systems (Pintilii et al., 2016) [20]. Luntrop 

[15] identified seasonal concentration as one 

of the sectorôs persistent managerial 

constraints, one that reverberates through 

labour allocation, capital utilization, and the 

rhythm of community life. At the same time, 

he reframed the issue more cautiously: 

seasonality should not be interpreted solely as 

disequilibrium; it constitutes a patterned 

fluctuation that demands differentiated 

managerial responses contingent upon local 

economic structures (Luntrop, 2001) [15]. 

Moreover, Higham and Hinch extended this 

perspective further, suggesting that 

destinations may partially recalibrate seasonal 

concentration by strategically aligning tourism 

activity with events and practices capable of 

reshaping both the temporal distribution and 

the socio-spatial composition of demand 

(Higham et Hinch, 2002) [14]. UN Tourism 

and FAO have repeatedly emphasized that 

mountain tourism can support rural 

livelihoods and the continuity of cultural 

landscapes, yet only where destinations 

reduce ecological pressure, diversify tourism 

products, consolidate local supply chains, and 

adjust to increasingly uncertain snow 

conditions (Romeo et al., 2021) [24]. 

Comparable arguments emerge within the 

Alpine Convention framework: sustainability 

indicators, resource-efficient infrastructure, 

and a reduced reliance on snowmaking-

intensive development are increasingly 

framed not as policy aspirations but as 

operational necessities for long-term mountain 

tourism viability (Gherdan et al., 2025) [12].  

Based on what was mentioned previously, the 

study engages a dimension that remains only 

partially explored within the scholarship on 

Romanian mountain tourism. Previous studies 

have documented the expansion of tourism 

activity in MaramureἨ, the perceived 

authenticity of its protected and rural 

destinations, and the broader trajectory of 
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mountain and agritourism development across 

Romania (RŁdulescu et al., 2015; Bacter et al., 

2025) [23, 5]. Far less attention, however, has 

been directed toward winter-season hospitality 

management understood as an integrated 

operational configuration, one in which 

staffing arrangements, procurement practices, 

activity design, infrastructure bottlenecks, and 

sustainability decisions become tightly 

interdependent under seasonal pressure 

(Ainsworth et Purs, 2009; Araslē et Arēcē, 

2019) [1, 3]. The analytical question is 

therefore not whether MaramureἨ attracts 

visitors during the winter season; the evidence 

from BorἨaôs ski domain and the culturally 

oriented guesthouse networks extending 

through the Iza Valley already confirms 

sustained demand (Popescu, 2016) [21]. The 

more consequential issue lies elsewhere: how 

local hospitality enterprises reorganize their 

operational systems when winter 

concentration intensifies labour demands, 

compresses supply chains, and amplifies 

infrastructural constraints, and which 

managerial configurations, under these 

conditions, generate more resilient outcomes. 

The paper is structured around three 

interconnected objectives. First, it maps the 

dominant management practices employed by 

hospitality operators in MaramureἨ during the 

winter season, practices shaped by the 

compressed operational rhythms that 

accompany peak demand. Second, it evaluates 

how these managerial configurations translate 

into visitor outcomes, particularly in relation 

to perceived service quality, satisfaction 

levels, and the propensity for repeat visitation. 

Third, it examines whether winter-season 

hospitality management contributes to broader 

territorial resilience and to the long-term 

sustainability of the destination economy. The 

timing of this analysis is therefore far from 

incidental, as recent climatic instability across 

European mountain regions has intensified 

ongoing debates regarding the future viability 

of snow-dependent tourism systems, 

particularly in light of the severe cold and 

heavy snowfall episodes recorded in Romania 

during February 2025 which, although they 

temporarily stimulated winter visitation, at the 

same time underscored the increasing 

unpredictability that now shapes winter 

tourism dynamics in many mountain 

destinations [11]. 

Hospitality management is therefore not 

treated here as an isolated internal function of 

individual enterprises. In MaramureἨ, it 

operates as a territorially embedded practice, 

one contingent upon the density of 

relationships linking accommodation 

providers with local food producers, cultural 

event organizers, ski infrastructure operators 

in BorἨa, transport accessibility corridors, and 

the symbolic economy of authenticity 

sustained across villages of the Iza Valley [9]. 

These interdependencies matter because the 

effectiveness of winter hospitality cannot be 

explained solely at the level of the guesthouse 

or hotel unit; it emerges from the broader 

socio-spatial configuration in which tourism 

services are produced and experienced. 

Without this wider territorial perspective, 

traditional mountain destinations face a 

familiar risk: economic competitiveness 

achieved at the cost of cultural dilution and 

mounting ecological fragility. 
 

MATERIALS AND METHODS  

 

The study employs a mixed-methods design 

appropriate for a mountain destination shaped 

by pronounced winter seasonality. Empirical 

observation concentrates on the mountain and 

sub-mountain tourism area of MaramureἨ 

County, with particular attention to BorἨa, 

ViἨeu de Sus, and Poienile Izei, localities 

selected not simply as geographic references 

but as nodes within a differentiated winter 

tourism system because each reflects a distinct 

operational configuration: BorἨa concentrates 

ski-driven visitor flows around its lift 

infrastructure; ViἨeu de Sus anchors excursion 

and heritage mobility, particularly through the 

well-known steam railway corridor; Poienile 

Izei and neighbouring settlements across the 

Iza Valley remain embedded in village-based 

hospitality, where agrotourism households 

structure the visitor experience around 

everyday rural practices. Together, these 

locations illustrate the socio-spatial 

distribution of winter tourism demand within 

the county. 
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The selection of the three spatial nodes 

followed a clearly defined territorial rationale, 

intended to reflect the internal diversity of the 

winter tourism system in MaramureἨ. Instead 

of pursuing a strictly probabilistic sampling 

strategy at county level, a form of purposeful 

representativeness was opted for, one that 

ensures the inclusion of the main functional 

configurations shaping tourism activity in the 

region:the ski-oriented concentration of 

demand in BorἨa, the excursion and heritage-

based dynamics of ViἨeu de Sus, and the 

village-centred, experience-driven hospitality 

characteristic of the Iza Valley, which is why 

the sample does not claim statistical 

representativeness in the narrow sense, but it 

does capture the structural variety through 

which the destination actually operates. 

At the same time, the size of the dataset lends 

additional weight to the analysis. The 300 

tourist responses and the 100 provider or 

manager inputs were collected during the peak 

winter season, a period when operational 

pressures are at their highest and managerial 

responses become most visible, a factor that 

allowed the study to reflect real conditions of 

strain rather than routine functioning. Equally 

important is the dual perspective embedded in 

the design because by bringing together the 

views of tourists and those of accommodation 

providers, the analysis gains a layer of internal 

consistency, making it possible to compare 

perceived service quality with the practices 

that generate it. This overlap strengthens the 

overall credibility of the findings and supports 

a more grounded interpretation of the results. 

Study population and sampling 

The research population consisted of two 

groups observed during the winter season 

2024ï2025: tourists staying in the destination 

and hospitality providers or managers 

responsible for accommodation operations. 

The quantitative component targeted 300 

tourists and 100 providers or managers. 

Tourist responses were collected through a 

combination of intercept questionnaires 

administered on-site within the check-out 

process, while the provider responses were 

obtained through direct engagement with 

hotels, rural pensions, guesthouses, and 

hybrid agritourism establishments operating 

across the study area. 

The qualitative component comprised 20 

semi-structured interviews conducted with 

local managers and property owners. 

Interviewees were selected purposively to 

capture variation in operational scale, business 

model, and spatial positioning within the 

regional tourism system. The final interview 

structure, therefore, included small family-run 

guesthouses located in traditional villages, 

medium-sized rural pensions integrated into 

local supply networks, ski-adjacent 

accommodation units operating in BorἨaôs 

winter tourism corridor, and hybrid 

establishments combining lodging services 

with food provision and event-based cultural 

programming (Chiciudean et al., 2023) [10]. 

Research instruments 

The tourist questionnaire broke down into 

four main parts: their travel background, how 

they rated service quality, overall satisfaction 

and loyalty, and views on sustainability and 

authenticity. Within the analytical perspective 

adopted in the study, authenticity is 

approached as a construct that can be 

observed, interpreted, and measured. To make 

this possible, it was operationalized through a 

series of Likert-scale items structured around 

three interrelated dimensions. The first refers 

to material authenticity, visible in elements 

such as the use of locally sourced food, the 

presence of traditional architectural features, 

and design choices that remain consistent with 

the regional identity. The second dimension, 

experiential authenticity, captures the extent 

to which tourism activities are rooted in local 

culture, including the integration of winter 

traditions, customs, and place-specific 

experiences into the overall hospitality offer. 

The third dimension, relational authenticity, 

reflects the human side of the experience, 

namely the quality of interaction between 

hosts and guests, the perceived sincerity of 

service, and the degree to which hospitality 

feels embedded in everyday local life rather 

than artificially staged. 

Taken together, these three dimensions were 

combined into a composite perception index, 

which made it possible to incorporate 

authenticity into the quantitative component 
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of the analysis. In practical terms, this allowed 

us to examine how different forms of 

authenticity relate to key outcome variables, 

particularly within the regression model and 

the correlation structures linking experience 

design to tourist satisfaction and loyalty. 

 For satisfaction, we paired a straightforward 

10-point Net Promoter Score, asking how 

likely they would recommend the place, with 

a five-point Likert scale for an insightful 

analysis into the winter stay specifics. That 

scale zeroed in on five key management areas: 

staffing setups, sourcing food and supplies 

locally, weaving in winter activities, getting 

around via infrastructure, and sustainability 

efforts, which added up to 24 items gauging 

how well operations held up under seasonal 

strains. 

The provider questionnaire followed the same 

thematic structure but focused on managerial 

conditions, including staffing arrangements, 

procurement practices, occupancy 

fluctuations, and winter adaptation strategies, 

particularly relevant in ski-driven locations 

such as BorἨa or in village-based guesthouse 

networks across the Iza Valley. Instrument 

reliability was tested using Cronbachôs alpha, 

with a threshold above 0.80 indicating strong 

internal consistency (Tavakol and Dennick, 

2011) [27]. The qualitative component 

complemented the quantitative analysis 

through thematic coding of interview 

transcripts using the framework proposed by 

Braun and Clarke (Braun and Clarke, 2006) 

[22]. 

Data analysis 

The quantitative phase of the research relied 

on a set of complementary analytical 

techniques designed to capture both the 

structural characteristics of the hospitality 

sector and the behavioural patterns of winter 

visitors. The analysis integrated descriptive 

statistics, correlation analysis, multiple 

regression modelling, cluster analysis, and 

demand forecasting to obtain a 

multidimensional perspective on tourism 

dynamics in the study area. 

Descriptive statistics were employed to 

outline the general profile of both tourists and 

accommodation providers operating across the 

region. This overview made it possible to 

distinguish between different types of 

hospitality units, from ski-oriented 

establishments located in BorἨa to smaller 

guesthouses situated within the rural 

settlement networks of the Iza Valley. 

Pearson correlation coefficients were 

calculated to explore the associations between 

selected management practices and indicators 

related to visitor loyalty. The objective was to 

identify whether certain operational choices, 

particularly those concerning workforce 

organization or the use of locally sourced food 

products, tend to coincide with stronger 

signals of visitor retention and 

recommendation (Nijloveanu et al., 2024) 

[18]. 

The third stage involved the estimation of a 

multiple regression model designed to identify 

the main determinants of tourist satisfaction. 

In this specification, overall satisfaction was 

treated as the dependent variable, while the 

explanatory variables included the five 

management pillars together with perceived 

weather suitability and value-for-money 

evaluations, factors that frequently influence 

tourist perceptions during winter seasons 

characterized by climatic variability (Popescu, 

2021) [22]. In order to capture structural 

diversity among accommodation providers, a 

hierarchical cluster analysis was also 

conducted, which grouped hospitality 

businesses according to several operational 

attributes, including staffing flexibility, the 

intensity of local procurement, the integration 

of winter activities into the service offer, and 

the adoption of sustainability practices. The 

resulting clusters helped reveal distinct 

organizational configurations within the 

regional hospitality landscape. 

The last step was a simplified ARIMA 

projection that was applied to outline a 

medium-term trajectory of winter occupancy 

toward 2030, using recent county-level 

tourism dynamics as a reference point. 

ARIMA models continue to be widely 

employed in tourism forecasting because they 

allow the simultaneous consideration of long-

term trends and pronounced seasonal patterns, 

two features that strongly characterize tourism 

demand in mountain destinations (Petrevska, 

2017) [19]. 
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RESULTS AND DISCUSSIONS 

 

Descriptive profile of winter hospitality in 

MaramureἨ 

The composition of the sample reflects the 

mixed and somewhat heterogeneous nature of 

the local tourism economy, where, on 

average, visitors reported a stay of 2.8 nights, 

an aggregate figure that masks notable spatial 

differences in travel behaviour across the 

destination (Table 1). Shorter visits tend to 

cluster around BorἨa, where tourism activity 

is strongly structured by ski infrastructure, lift 

schedules, and snow conditions. By contrast, 

slightly longer stays are more common in 

ViἨeu de Sus and within the villages of the Iza 

Valley, where the tourism experience extends 

beyond winter sports to include encounters 

with traditional gastronomy, local heritage, 

and rural cultural practices. 

Responses from accommodation providers 

point to a similarly differentiated operational 

environment. In many cases, hospitality 

services rely on small, family-based labour 

structures that combine accommodation, food 

preparation, and guest interaction within a 

single household economy, while 

establishments located closer to BorἨaôs 

winter sports facilities often depend on 

temporary seasonal workers to sustain the 

higher service intensity associated with peak 

winter demand, including housekeeping, 

restaurant service, guest transport, and the 

coordination of recreational activities. 

Taken together, these patterns highlight a 

structural feature frequently observed in 

mountain tourism destinations.  

While winter seasons generate significant 

spikes in visitor flows, the organizational 

capacity required to manage these surges 

often relies on labour arrangements that are 

temporary, flexible, and inherently unstable. 

The occupancy dynamics observed in the 

study closely reflect the spatial configuration 

of the destination. 

BorἨa attracts the most visible concentration 

of winter tourism demand, largely due to the 

presence of ski infrastructure and relatively 

reliable snow conditions, which tend to 

intensify visitor flows whenever the weather 

becomes favourable. ViἨeu de Sus follows a 

somewhat different development pattern. 

Here, tourism activity revolves primarily 

around the MocŁniἪa narrow-gauge railway, 

the surrounding mountain scenery, and a 

winter tourism offer that combines excursion-

based mobility with shorter leisure stays. 

 
Table 1. Descriptive statistics for the winter 2024-2025 

sample 

Indicator 
Tourists (n=300) / 

Providers (n=100) 

Mean / 

Share 

Average length of stay 

(nights) 
Tourists 2.8 

Net Promoter Score Tourists 41 

Overall satisfaction (1-5) Tourists 4.31 

Perceived authenticity of 

experience (1-5) 
Tourists 4.47 

Importance of local food in 

stay decision (%) 
Tourists 63% 

Properties using seasonal staff 

(%) 
Providers 58% 

Properties sourcing over 40% 

of food locally (%) 
Providers 54% 

Properties offering organized 

winter cultural activities (%) 
Providers 46% 

Average winter occupancy, all 

sample (%) 
Providers 56% 

Average winter occupancy, 

BorἨa cluster (%) 
Providers 67% 

Average winter occupancy, 

ViἨeu cluster (%) 
Providers 52% 

Average winter occupancy, 

village-tradition cluster (%) 
Providers 48% 

Mean publicly visible review 

score, selected BorἨa units 
Secondary data 9.2ï9.3 

Mean publicly visible review 

score, selected ViἨeu units 
Secondary data 9.2ï9.5 

Source: Authorsô calculations based on survey data 

(winter 2024ï2025) and publicly available review data 

from Booking.com [7, 8]. 

 

In contrast, the villages of the Iza Valley 

operate according to a distinct tourism logic. 

Their appeal is only partially dependent on 

snow availability. Instead, visitor demand is 

shaped by experiences associated with 

traditional hospitality, local gastronomy, and 

the symbolic attraction of what many tourists 

perceive as an ñauthentic winterò in a rural 

cultural setting. Although this internal 

differentiation is not immediately apparent 

when examining aggregate tourism indicators, 

it represents an important structural 

characteristic of MaramureἨ as a destination. 

The region remains strongly seasonal, yet its 

seasonality is spatially distributed rather than 

uniform. A clearer comparison between BorἨa 

and the Iza Valley helps bring this internal 

differentiation into sharper focus. BorἨa 
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functions as a high-intensity, infrastructure-

led tourism node, where visitor flows tend to 

follow the rhythm of snow conditions, ski 

capacity, and short, activity-driven stays 

centred on winter sports. By contrast, the Iza 

Valley reflects a much softer, experience-

oriented configuration, where demand is less 

tied to snow reliability and more closely 

connected to cultural immersion,local 

gastronomy, and the sense of continuity 

offered by traditional rural life. 

Viewed through a managerial lens, these 

differences translate into distinct operational 

approaches. In BorἨa, the emphasis fall on 

efficiency, flexible staffing, and the ability to 

manage rapid service turnover during peak 

periods. In the Iza Valley, competitiveness is 

built less on volume and more on the depth 

and coherence of the visitor experience. Here, 

authenticity, direct interaction between hosts 

and guests, and practices rooted in the local 

community become the main sources of value. 

Taken together, this dual structure suggests 

that MaramureἨ is better understood not as a 

uniform winter destination, but as a composite 

system in which parallel tourism economies 

coexist and evolve side by side. 

The occupancy ranges considered in this study 

are consistent with the current dynamics of 

the destination. Indicators from digital 

booking platforms suggest persistently high 

levels of visitor satisfaction in both BorἨa and 

ViἨeu de Sus, while official county statistics 

point to improved tourism performance during 

2024. In this context, an estimated winter 

accommodation interval of approximately 45ï

70% occupancy for the BorἨa cluster can be 

regarded as a realistic analytical range for a 

mixed sample of establishments, particularly 

when periods of peak demand, such as 

weekends, holidays, and snow-rich weeks, are 

distinguished from the considerably quieter 

midweek segments that characterize much of 

the winter season. 

The five management pillars 

The radar-profile analysis indicates a clear 

hierarchy among the evaluated dimensions, 

where from the tourist perspective, winter 

activity integration emerged as the most 

positively rated pillar, closely followed by 

local sourcing practices and the perceived 

quality of regional food. Infrastructure and 

accessibility, by contrast, received the lowest 

scores. The pattern is particularly visible 

among visitors arriving from outside the 

county and among guests travelling during 

heavy snowfall without private transport, 

circumstances under which access constraints 

become immediately tangible. 

 

 
Fig. 1. Radar chart of service quality pillars 

Source: Authorsô elaboration based on survey data. 

 

This distribution becomes analytically more 

meaningful when considered together with the 

underlying evaluation scores. The average 

tourist ratings for the main service quality 

dimensions during the winter tourism season 

in MaramureἨ County reveal a clear ordering: 

winter activity integration (4.52), supply 

chains and the availability of locally sourced 

food (4.44), workforce and service attitude 

(4.28), sustainability practices (4.06), and 

infrastructure quality (3.71) (Fig. 1). In many 

established ski destinations, visitor 

satisfaction is largely shaped by infrastructure 

performanceðfactors such as lift capacity, 

transport logistics, or slope connectivity often 

dominate evaluative frameworks. MaramureἨ 

appears to follow a somewhat different 

development logic. Here, the composition of 

the visitor experience retains greater 

significance than the scale of physical 

infrastructure, and hospitality practices 

centred on authenticity can, to a certain 

extent, compensate for infrastructural 

shortcomings.  

This observation does not diminish the 

importance of infrastructure. Rather, it 

suggests that the destinationôs competitive 

positioning remains closely linked to the 

design and delivery of culturally embedded 
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experiences rather than to purely technical 

expansion. 

Evidence from the interview material supports 

this interpretation. Accommodation managers 

repeatedly indicated that winter demand tends 

to stabilize most effectively when lodging 

services are integrated into a broader 

experiential framework that goes beyond the 

basic accommodation offer.  

In practice, successful packages frequently 

combine traditional evening meals, horse-

drawn sleigh rides when snow conditions 

permit, guided participation in winter 

customs, small craft demonstrations, and 

organized transfers toward the ski facilities in 

BorἨa or excursion attractions around ViἨeu 

de Sus (Fig. 2).  

 

 
Fig. 2. Bubble diagram of key factors influencing 

winter tourism hospitality in MaramureἨ 

Source: Authorsô elaboration based on qualitative 

interview coding. 

 

The thematic coding of interview responses 

revealed several recurring analytical clusters, 

including the structuring of authenticity as a 

tourism product, the importance of operational 

flexibility, and the dense community 

connections that link accommodation units to 

the wider cultural economy of the Iza Valley. 

Satisfaction, loyalty, and operational 

predictors 

The quantitative model suggests that adaptive 

hospitality practices have a measurable 

influence on tourist loyalty. Accommodation 

units combining flexible staffing, locally 

sourced food offerings, and well-integrated 

winter activities recorded higher 

recommendation scores. 

Regression estimates indicate that a one-unit 

increase in the activity integration dimension 

corresponds to a 0.31 rise in overall 

satisfaction, followed by local sourcing (ɓ = 

0.28) and workforce quality (ɓ = 0.24). 

Although infrastructure remained statistically 

relevant, its effect diminished once 

authenticity-related variables were introduced, 

suggesting that in destinations such as 

MaramureἨ, the coherence of the visitor 

experience may weigh more heavily than 

physical capacity alone (Table 2). 

 
Table 2. Multiple regression predicting overall tourist 

satisfaction 

Predictor 
Standardized 

Beta 

p-

value 

Workforce management quality 0.24 <0.01 

Local sourcing/supply chain quality 0.28 <0.001 

Winter activity integration 0.31 <0.001 

Infrastructure and accessibility 0.18 <0.05 

Sustainability practices 0.14 <0.05 

Weather adequacy perceived by 

tourists 
0.21 <0.01 

Value for money 0.26 <0.001 

Model summary: Adjusted R² = 0.58 

Source: Authorsô calculations based on tourist survey 

data in R statistical software. 

 

The model explains approximately 58% of the 

variance in tourist satisfaction, a level of 

explanatory power that is reasonable in 

destinations where the hospitality product 

results from the interaction between 

managerial practices and environmental 

conditions. Although weather conditions 

exerted a measurable influence, they did not 

dominate the regression structure. This 

finding is analytically significant, as it 

challenges the simplified assumption that 

winter tourism performance in mountain 

regions depends exclusively on snow 

availability. 

The strongest bivariate relationship observed 

in the tourist dataset linked the integration of 

local food products with behavioural loyalty (r 

= 0.72) (Fig. 3). Within the MaramureἨ 

context, this association is not coincidental. 

Food functions not merely as a supplementary 

service but as a visible expression of locality 

through which visitors interpret the 

authenticity of the destination. Elements such 

as traditional breakfasts or locally sourced 

ingredients signal whether the hospitality 

experience is genuinely embedded in the local 

environment or simply reproduces a stylized 

version of rural identity. From a managerial 
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perspective, it suggests that local sourcing 

should be understood not only as a 

sustainability practice but also as an important 

mechanism for building visitor trust and 

strengthening destination credibility. 

 

 
Fig. 3. Regression relationship between local-food 

integration and loyalty intention (RĮ å 0.57) 

Source: Authorsô elaboration based on tourist survey 

data. 

 

The Net Promoter Score analysis further 

supports this interpretation, where the best-

performing group of accommodation 

providers reached an estimated NPS of 

approximately +58, whereas more 

standardized operators recorded values closer 

to +33. One factor that appears to contribute 

to this difference is staffing flexibility. 

Establishments that relied on cross-trained 

personnel, supplemented their workforce with 

family members during peak periods, or drew 

on locally available temporary labour, 

especially during winter festival events, were 

better able to manage fluctuations in demand. 

Compared with more rigid staffing 

arrangements, this operational flexibility was 

associated with NPS levels roughly 25% 

higher, where the advantage was not limited 

to economic efficiency; it was also reflected 

in improved service responsiveness, shorter 

waiting times, and more personalized 

interactions with guests. 

Cluster analysis: three business models 

To better reflect the diversity of winter 

hospitality providers in MaramureἨ County, a 

cluster analysis was undertaken in order to 

identify establishments that share similar 

operational characteristics. Considering 

accommodation providers as a uniform 

category would conceal important structural 

differences within the destination economy. 

The results instead point to three dominant 

business configurations, each defined by a 

distinct combination of service integration, 

experiential design, and market positioning. 

 

 
Fig.  4. Clustered business models in winter hospitality 

Source: Authorsô elaboration. 

 

Figure 4 presents a conceptual positioning 

diagram derived from the cluster profiles. The 

horizontal axis represents the relative level of 

service integration across the five pillars, 

while the vertical axis reflects customer 

loyalty outcomes. The coordinates serve as an 

interpretive visualization rather than raw 

outputs of the clustering algorithm. 

The first cluster, Adaptive tradition-

integrators, occupies the upper-right quadrant, 

indicating both strong service integration and 

high loyalty outcomes. These businesses, 

often family-run guesthouses across the 

villages of the Iza Valley, embed local food, 

winter customs, and small-scale cultural 

experiences into the hospitality product. 

Authenticity functions here as a central 

competitive resource. 

Ski-oriented volume operators, the second 

cluster, show moderate service integration but 

slightly lower loyalty scores. Concentrated 

mainly around BorἨaôs ski infrastructure, their 

performance is closely contingent upon snow 

conditions and seasonal visitor surges. Higher 

turnover and booking visibility replace deeper 

experiential integration. 

Passive accommodation providers appear in 

the lower-left quadrant, reflecting limited 

service integration and weaker loyalty 

outcomes, units that typically offer basic 

lodging and depend more heavily on price 
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competition than on differentiated winter 

experiences. 

Comparative positioning: MaramureἨ, 

Apuseni, and Alpine Benchmarks 

A comparative benchmark places MaramureἨ 

in an intermediate but analytically revealing 

position within the European mountain 

tourism landscape. The county appears to 

outperform Apuseni-type rural destinations in 

the cultural integration of winter hospitality, 

yet it remains behind Alpine benchmarks in 

infrastructure readiness, transport 

coordination, and formal sustainability 

governance. The advantage over the Apuseni 

region does not derive primarily from scenery 

or accommodation capacity. It lies in the 

density of living winter traditions and in the 

tighter coupling between gastronomy, ritual 

practices, and destination identity. Within 

such a configuration, MaramureἨ plausibly 

scores around 15% higher than Apuseni in 

terms of cultural integration.  

 

 
Fig. 5. Comparative positioning of MaramureἨ, 

Apuseni and Alpine destinations 

Source: Authorsô elaboration based on tourist survey 

data. 

 

Alpine destinations, however, continue to 

dominate on structural dimensions: transport 

efficiency, environmental monitoring systems, 

and destination-level coordination 

frameworks remain far more advanced (Fig. 

5). 

This intermediate positioning should not be 

interpreted as structural weakness. On the 

contrary, it may represent the countyôs 

strategic opening because MaramureἨ does 

not need to replicate the Alpine development 

trajectory; its competitive advantage emerges 

from a different logic: moderate 

modernization combined with a hospitality 

system that remains visibly local, socially 

embedded, and culturally legible to visitors. 

Forecasting to 2030 

ARIMA projection based on recent county 

dynamics suggests cautious growth in winter 

occupancy toward 2030, provided that 

adaptation mechanisms continue to evolve. 

The model does not assume a single 

deterministic trajectory; instead, three 

plausible pathways are considered: 

continuation of current trends, an adaptive-

management scenario, and a higher- volatility 

climate scenario reflecting increasing weather 

instability.  

 

 
Fig. 6. Forecast trend line chart of winter tourism 

occupancy in MaramureἨ to 2030 

Source: Authorsô elaboration based on tourist survey 

data. 

 

Under the baseline pathway, winter 

occupancy follows a gradual upward trend. If 

current patterns of destination promotion, 

accommodation development, and visitor 

demand persist without major structural 

adjustments, average winter occupancy may 

rise from roughly 55% in the early 2020s to 

about 61% by 2030 (Fig. 6). This pattern 

corresponds to steady but moderate growth 

consistent with the broader regional tourism 

trajectory observed across northern Romania. 

The adaptation scenario produces a more 

favourable outlook. Where product integration 

deepens, digital visibility improves, and basic 

transport accessibility, particularly toward the 

ski infrastructure of BorἨa and the excursion 

corridors around ViἨeu de Sus, continues to 

strengthen, occupancy among the better-

performing segments could reach 
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approximately 63 to 65% by 2030. The 

implication is notable: targeted managerial 

adaptation may generate additional growth 

without requiring large-scale infrastructural 

expansion. 

By contrast, the high-volatility climate 

scenario produces a markedly different 

pattern. Demand oscillates around a relatively 

flat long-term trend, reflecting growing 

uncertainty in snow reliability and winter 

weather conditions. The projected trajectory 

does not indicate collapse; rather, it reveals a 

sequence of recoveries and temporary 

contractions, an expression of increasingly 

volatile temporal windows for winter tourism 

activity. 

Taken together, the scenarios suggest that the 

future performance of winter tourism in 

MaramureἨ will depend less on simple 

demand expansion and more on the adaptive 

capacity of the hospitality system itself. 

Selective modernization, therefore, becomes 

critical. Excessive infrastructure expansion 

risks eroding the cultural authenticity that 

differentiates the destination; insufficient 

investment, however, may reinforce 

infrastructure bottlenecks and undermine 

travel reliability. The strategic challenge lies 

precisely in navigating this narrow corridor: 

strengthening operational resilience while 

preserving the socially embedded hospitality 

practices that continue to define the regionôs 

tourism identity. 

Practical applications 

Local sourcing should be treated by 

accommodation providers as a strategic pillar 

rather than a decorative gesture. Its effects 

extend beyond menu composition: loyalty 

formation, destination reputation, and local 

economic multipliers converge around the 

same practice. When hospitality businesses in 

the villages of the Iza Valley integrate 

regional food chains into everyday service 

routines, the outcome is not merely culinary 

differentiation; it becomes a signal of 

territorial authenticity. 

Winter experience packaging also requires 

greater managerial coherence. Establishments 

offering only lodging inevitably compete on 

price; those that assemble layered 

experiences, traditional dinners, guided winter 

customs, small craft encounters, excursions 

toward BorἨaôs ski infrastructure, or the 

heritage corridor around ViἨeu de Sus operate 

in a different competitive space. Meaning, not 

capacity, becomes the differentiator. 

Digital tools represent another underused 

lever. AI-assisted booking responses, dynamic 

experience packaging, multilingual pre-arrival 

communication, and systematic review 

analytics could allow small family properties 

to professionalize operationally while 

preserving the personal character that defines 

MaramureἨ hospitality. Technology, in this 

context, functions as operational support 

rather than cultural substitution. 

Environmental management deserves similar 

attention. Gradual introduction of eco-

certification and basic resource monitoring, 

particularly for waste, water, and energy 

consumption during peak winter periods, 

would align the destination with 

contemporary mountain tourism standards 

without undermining its cultural identity. 

Finally, governance structures require 

recalibration. Promotion alone cannot sustain 

competitiveness. Effective winter 

management demands coordination across 

multiple systems: road access to BorἨa during 

snow events, coherent signage across the Iza 

Valley tourism corridor, synchronization of 

winter festivals, producer supply networks, 

and seasonal labour support. Without such 

coordination, the systemic friction created by 

concentrated winter demand is simply 

displaced onto individual guesthousesðan 

arrangement that few small-scale operators 

can sustain indefinitely. 

 

CONCLUSIONS  

 

The analysis indicates that winter hospitality 

in MaramureἨ demonstrates the greatest 

resilience where managerial flexibility 

intersects with locally embedded practices. 

Businesses capable of adjusting staffing 

structures to seasonal demand, maintaining 

active relationships with regional food 

producers, and embedding authentic winter 

experiences into the guest offer consistently 

achieve stronger outcomes in both satisfaction 

and loyalty metrics. Within the analytical 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

112 

model developed here, these operational 

combinations correspond to higher Net 

Promoter Scores, clearer repeat-visit 

intentions, and comparatively stable 

occupancy levels approaching roughly 65% 

under favourable adaptation conditions. 

Equally important, the results challenge the 

reduction of winter competitiveness to snow 

availability or ski infrastructure alone. BorἨa 

undeniably functions as a central demand 

generator; yet the countyôs structural 

advantage lies in the coexistence of several 

experiential layers: skiing, heritage 

landscapes, regional gastronomy, and village-

based hospitality networks extending across 

areas such as the Iza Valley. This composite 

winter product helps explain why local-food 

integration and experiential activity design 

emerged as stronger predictors of visitor 

satisfaction than infrastructure variables 

alone. 

Resilience, however, remains conditional. 

Infrastructure bottlenecks, labour shortages, 

and rising operational costs continue to 

impose constraints on service quality, 

particularly during short and volatile winter 

demand windows. Weather dependence also 

persists as a structural factor, even if adaptive 

management practices can partially buffer its 

effects. Tradition, in other words, does not 

operate as a sufficient condition for success. It 

becomes economically effective only when 

combined with flexible operational 

management capable of navigating seasonal 

volatility. 

An important issue that emerges from the 

analysis is the extent to which the model 

developed here can be applied beyond 

MaramureἨ County. The particular 

configuration observed in this region is 

shaped by a strong concentration of preserved 

traditions and well-functioning village-based 

hospitality networks. At the same time, the 

underlying mechanism identified in the study, 

the interplay between managerial flexibility, 

local resource integration, and experiential 

authenticity, does not appear to be strictly tied 

to this single context. Comparable patterns 

may also be found in other mountain or rural 

destinations, such as Bucovina, the Apuseni 

Mountains, or parts of Southern Transylvania, 

even if they manifest with different intensities 

and under distinct structural conditions. 

Also, the transferability of the model should 

be understood as conditional rather than 

automatic. In regions where cultural cohesion 

is weaker, where local supply chains are less 

integrated, or where tourism development 

relies more heavily on standardized 

infrastructure, similar outcomes cannot be 

assumed. For this reason, the model is 

interpreted not as a ready-made formula, but 

as a conceptual and analytical framework that 

can inform comparative research and support 

more nuanced policy design. Its broader 

contribution lies in drawing attention to a key 

insight: in seasonal tourism environments, 

resilience is shaped less by scale or expansion, 

and more by the degree to which economic, 

cultural, and social resources are meaningfully 

interconnected. 

From a research perspective, the findings 

suggest that mountain hospitality systems in 

Eastern Europe are better understood through 

territorial frameworks rather than through 

isolated accommodation metrics. Service 

operations, cultural assets, and local supply 

chains form a tightly interlinked system, one 

that shapes both visitor experience and 

destination resilience. Policy implications 

follow directly: selective infrastructure 

improvements, stronger destination-level 

coordination, and support mechanisms for 

locally embedded hospitality businesses 

appear more promising than large-scale 

standardization strategies. For practitioners, 

the lesson is equally clear. In MaramureἨ, the 

most competitive winter hospitality model is 

not the most standardized one; it is the one 

that translates locality, gastronomy, ritual 

practices, and community linkages into a 

consciously managed source of value. 
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Abstract 

 

Agrotourism represents an important component of sustainable rural development, particularly in cross-border 

regions characterized by shared cultural heritage, similar natural resources, and potential for cooperation. This 

study analyzes the development of agrotourism in the RomaniaïRepublic of Moldova cross-border area, focusing on 

tourism indicators, spatial distribution, and comparative dynamics between the two countries. The comparative 

evaluation developed in this paper uses quantitative information extracted from national statistical reports available 

in Romania and the Republic of Moldova for the years 2008ï2024, supplemented by findings generated through the 

CROSS2MAP project (ROMD00389). To examine agrotourism dynamics in the selected area, the research 

considers multiple statistical variables related to rural accommodation infrastructure and tourism activity, such as 

lodging capacity, visitor arrivals, overnight stays, and the expansion of agrotourism establishments. The results 

reveal significant disparities between the two countries in both quantitative and structural terms. Romania 

demonstrates a consolidated agrotourism sector, supported by infrastructure development, access to European 

funding, and strong tourism demand. In contrast, the Republic of Moldova exhibits a developing sector 

characterized by limited capacity and uneven territorial distribution. The findings confirm that geographical 

proximity alone does not ensure similar levels of development, which are instead determined by structural factors 

such as investment capacity, infrastructure, and institutional support. At the same time, the study highlights the 

potential for cross-border cooperation, based on complementarities between the two countries. The research 

contributes to a better understanding of agrotourism dynamics in cross-border regions and provides relevant 

insights into the development of integrated policies aimed at supporting sustainable rural development. 

 

Key words: agrotourism, border regions, rural development, cross-border cooperation, spatial distribution  

 

INTRODUCTION  

 

Rural areas have increasingly gained 

importance as tourism destinations due to 

their capacity to provide authentic 

experiences, natural landscapes, and cultural 

heritage elements that differentiate them from 

urban environments. This growing interest 

reflects a structural shift in tourist preferences 

toward experiential and sustainable forms of 

tourism, which contribute to the 

diversification of rural economies and the 

capitalization of local resources [1], [2].  

In this context, rural tourism is widely 

recognized as a key driver of regional 

development, particularly in economically 

disadvantaged areas, by generating additional 

income, supporting local entrepreneurship, 

and enhancing the socio-economic 

attractiveness of rural communities [7], [8], 

[21].  

Agrotourism represents a specific and 

dynamic component of rural tourism, 

combining agricultural activities with tourism 

services and facilitating direct interaction 

between visitors and rural environments. This 

form of tourism supports the 
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multifunctionality of rural areas, integrating 

economic, environmental, and social 

dimensions, while contributing to sustainable 

development processes [2], [8].  

Moreover, agrotourism plays a significant role 

in preserving local traditions, promoting 

cultural identity, and stimulating 

entrepreneurial initiatives, thereby 

strengthening the resilience and cohesion of 

rural communities [7], [9], [22].  

Recent studies also emphasize its contribution 

to value chain development and the promotion 

of local gastronomic heritage, which enhances 

the overall tourism experience and supports 

local economies [10], [11]. 

The development of rural tourism is 

increasingly influenced by broader regional 

and global dynamics, including cross-border 

cooperation, economic integration, and policy 

frameworks aimed at territorial cohesion.  

Border areas generate both advantages and 

challenges for the expansion of tourism 

activities. The proximity between 

neighbouring territories, together with their 

cultural affinities, comparable environmental 

resources, and long-standing historical 

interactions, may facilitate the implementation 

of integrated tourism initiatives. 

On the other hand, structural challenges such 

as insufficient infrastructure, limited visibility 

of tourist attractions, and fragmented 

institutional frameworks may hinder the 

effective exploitation of tourism potential [5], 

[16], [20]. 

The RomaniaïRepublic of Moldova cross-

border area represents a relevant case for 

analysing these dynamics, due to its shared 

historical background, cultural similarities, 

and geographical proximity. Previous studies 

highlight that this region benefits from 

considerable tourism potential, particularly in 

rural and agrotourism segments, but remains 

insufficiently capitalized due to constraints 

related to infrastructure, investment capacity, 

promotion, and service quality [1], [7], [12]. 

Furthermore, socio-economic factors, 

including education levels and functional 

illiteracy, may influence the capacity of local 

stakeholders to effectively develop and 

manage tourism activities [3]. An important 

advantage of tourism development in the 

RomaniaïRepublic of Moldova cross-border 

region is represented by the existence of a 

shared socio-cultural background, which 

facilitates interaction between local 

communities and visitors.  

Communities situated on both sides of the 

Prut River retain numerous socio-cultural 

similarities derived from a shared linguistic 

background, comparable religious practices, 

and longstanding historical interactions. These 

characteristics facilitate interpersonal 

communication and support the development 

of coordinated tourism initiatives capable of 

strengthening the attractiveness of the cross-

border area. The preservation of local 

traditions and cultural continuity contributes 

to the creation of distinctive tourism 

experiences with regional competitive 

potential. Nevertheless, the political and 

administrative separation of the two territories 

over time has resulted in differences regarding 

institutional organisation and economic 

development patterns, even though important 

elements of cultural cohesion have remained. 

This duality creates both opportunities and 

challenges for cross-border tourism 

development. Increasing attention has been 

directed toward the role of innovation, digital 

technologies, social innovation, and strategic 

cooperation in improving tourism 

competitiveness and supporting sustainable 

rural economies [4], [6], [10]. 

The integration of digital tools, including 

online platforms and geographic information 

systems, contributes to improving the 

visibility of tourism destinations, facilitating 

access to information, and supporting more 

efficient destination management.  

In this context, the CROSS2MAP project 

represents a relevant example of digital 

innovation in cross-border tourism, providing 

an interactive platform for mapping and 

promoting tourism resources in the Romaniaï

Republic of Moldova border area [14].  

In addition, the associated mobile application 

serves as a practical tool for data collection, 

visualization, and dissemination of tourism-

related information, being used as a 

complementary research instrument in the 

present study [15]. At the same time, the 

increasing use of artificial intelligence (AI) 
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and data-driven technologies is transforming 

the tourism sector, including rural tourism and 

agrotourism.  

AI -based tools contribute to improved 

destination management, personalized tourism 

services, and more efficient marketing 

strategies, enhancing the visibility and 

competitiveness of rural areas. The integration 

of digital solutions also supports evidence-

based decision-making processes and 

facilitates better resource allocation, which is 

particularly important in regions with limited 

administrative and financial capacity. Despite 

the growing interest in rural tourism and 

agrotourism, there is still a need for more 

integrated analyses that address the complex 

interaction between tourism development, 

agricultural activities, and cross-border 

cooperation mechanisms. Moreover, empirical 

data from official statistical sources, such as 

the National Institute of Statistics (Romania) 

and the National Bureau of Statistics 

(Republic of Moldova), remain essential for 

understanding tourism dynamics and 

territorial disparities [16], [17].  

Reliable data from reputable statistical 

agencies, such as the National Institute of 

Statistics in Romania and the National Bureau 

of Statistics in the Republic of Moldova, 

remain essential for understanding tourism 

trends and persistent gaps across territories 

[16], [17]. 

Therefore, the aim of this paper is to analyse 

the role of agrotourism in supporting rural 

development in cross-border regions, with a 

particular focus on the RomaniaïRepublic of 

Moldova area.  

The study seeks to identify key development 

patterns, structural constraints, and strategic 

directions for enhancing tourism 

competitiveness and promoting sustainable 

regional development. 

 

MATERIALS AND METHODS  

 

The bibliographic documentation was 

conducted through a systematic review of 

open-access scientific literature identified in 

well-established academic databases, 

including Google Scholar, Clarivate Analytics 

(Web of Science), and ResearchGate. 

In addition, official reports and policy 

documents issued by national authorities, 

regional institutions, and international 

organizations were examined to define the 

theoretical and institutional framework of 

rural tourism and agrotourism development. 

The theoretical foundation of the research was 

established through an extensive review and 

comparative interpretation of academic 

contributions focused on rural tourism, 

agrotourism, and cross-border interaction. 

This methodological perspective supported 

the examination of the variables influencing 

tourism evolution, including socio-economic 

conditions, territorial characteristics, and local 

development particularities. 

In addition, it enabled the incorporation of 

complementary analytical viewpoints 

associated with regional development, such as 

the valorisation of local resources, community 

participation, and cooperation mechanisms 

specific to neighbouring border territories. 

The analytical component of the research was 

carried out using statistical datasets released 

by the National Institute of Statistics (INS) of 

Romania and the National Bureau of Statistics 

(BNS) of the Republic of Moldova. Romanian 

data were extracted from the TEMPO-Online 

platform, which provides continuously 

updated indicators organised at national, 

regional, and county levels. For the Republic 

of Moldova, the study employed statistical 

information disseminated through official 

reports and electronic databases published by 

BNS. These sources ensure a high level of 

reliability and comparability of the analysed 

indicators.  

The analysis covers the period 2020ï2024, 

pointing out the status in the final year and 

allowing for both the assessment of structural 

changes in agrotourism and a short-term 

evaluation of recent trends. The main 

indicators considered include the number of 

agrotourism guesthouses, accommodation 

capacity (measured in bed places), tourist 

arrivals, and overnight stays. These indicators 

were selected due to their relevance in 

capturing both the supply and demand 

dimensions of tourism activity.  

The collected data were systematically 

organized into a structured database and 
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processed using descriptive statistical 

methods.  

The results were further illustrated through 

tables, graphical representations, and thematic 

maps to highlight temporal evolutions and 

spatial disparities across the analysed regions. 

The interpretation of the results was based on 

a comparative analytical framework, focusing 

on the RomaniaïRepublic of Moldova cross-

border area.  

This approach enabled the identification of 

development patterns and the assessment of 

key structural factors, such as infrastructure 

availability, investment capacity, and 

territorial accessibility, which influence 

tourism performance. 

To enhance the robustness and validity of the 

findings, the statistical analysis was 

complemented by insights derived from the 

scientific literature.  

The integration of statistical evidence with 

conceptual and interpretative approaches 

enabled a more complex evaluation of 

agrotourism evolution within the border 

region. Furthermore, several digital 

instruments created under the CROSS2MAP 

initiative were incorporated into the research 

process, mainly to support the localisation and 

visual representation of tourism assets situated 

in the analysed territory. The mobile 

application associated with the project 

facilitated the collection, systematisation, and 

examination of tourism information, 

improving the depth of the spatial assessment. 

Furthermore, elements of artificial 

intelligence (AI) were employed to support 

specific stages of the research process, 

including data structuring, literature synthesis, 

and pattern identification.  

The use of AI-based tools facilitated the 

efficient processing of large volumes of 

information and supported the identification 

of relevant relationships within the dataset. 

However, all AI-assisted outputs were 

critically reviewed and validated by the 

authors to ensure scientific rigor, accuracy, 

and consistency. 

Overall, the methodological approach adopted 

in this study ensures a coherent integration of 

quantitative analysis, spatial interpretation, 

and theoretical grounding, providing a solid 

and reliable basis for the conclusions drawn. 

 

RESULTS AND DISCUSSIONS 

 

The RomaniaïRepublic of Moldova cross-

border area illustrates a dual development 

pattern in agrotourism. While the region 

benefits from cultural continuity and similar 

natural resources, significant differences 

persist in terms of economic development, 

infrastructure, and tourism capacity [13]. 

Figure 1 presents the spatial delimitation of 

the study area. The map was generated using 

GIS techniques based on administrative 

boundary data and spatial datasets 

corresponding to the RomaniaïRepublic of 

Moldova border area.  

Romania registered a substantial increase in 

agrotourism activities after becoming a 

member of the European Union, a process 

supported by access to European funding 

mechanisms and investments in tourism-

related infrastructure. In comparison, the 

Republic of Moldova recorded a more 

moderate tourism expansion, although both 

countries benefit from relatively similar 

environmental and cultural tourism potential. 

The Moldovan tourism sector continues to 

face several structural obstacles, including 

inadequate infrastructure, limited financial 

support for tourism initiatives, and a lower 

degree of destination promotion.  

The analysis conducted in this study explores 

agrotourism development in the cross-border 

region through the comparative evaluation of 

tourism indicators, territorial distribution, and 

regional development differences. 

The working hypothesis assumes that 

geographical proximity does not automatically 

generate higher levels of development, which 

are instead influenced by structural factors. 

The evolution of agrotourism in Romania 

highlights a strong upward trend over the 

analysed period. The number of agrotourism 

guesthouses increased from 1,348 units in 

2008 to 3,578 units in 2024, representing a 

growth of over 160% (Table 1).  

This dynamic reflects a significant 

transformation in the structure of rural 

tourism, with agrotourism becoming an 
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increasingly important component of the 

tourism sector. 

 

 
Fig.1. Spatial delimitation of the RomaniaïRepublic of 

Moldova cross-border study area 

Source: own processing based on GIS data [14], [15]. 
 

Table 1. Evolution of agrotourism guesthouses in 

Romania (2008ï2024) 

Year Agrotourism guesthouses 

2008 1,348 

2020 3,022 

2021 3,460 

2022 3,484 

2023 3,498 

Source: National Institute of Statistics [19]. 

 

This long-term evolution indicates not only a 

quantitative expansion, but also a progressive 

consolidation of agrotourism as a viable 

economic activity in rural areas. The increase 

in the number of accommodation structures 

suggests a growing involvement of local 

communities in tourism-related activities, 

supported by access to funding opportunities 

and the diversification of rural economies. 

At the same time, the analysis of the recent 

period (2020ï2024) reveals a slower growth 

rate, from 3,022 to 3,578 units, indicating a 

transition from rapid expansion to a phase of 

stabilization and qualitative improvement. 

This trend suggests the gradual maturation of 

the agrotourism sector, characterized by 

increased emphasis on service quality and 

competitiveness. Tourism demand reflects a 

similar dynamic. In the first quarter of 2025, 

Romania recorded 2,496,720 tourist arrivals 

and 4,773,158 overnight stays, confirming the 

strong attractiveness of tourism destinations 

(Table 2).  
 

Table 2. Tourism activity indicators registered in 

Romania during the first quarter of 2025 

Indicator  Recorded value 

Tourist accommodation arrivals 2,496,720 

Overnight stays in accommodation 

units 

4,773,158 

Source: National Institute of Statistics [19]. 

 

The evolution of agrotourism infrastructure 

reflects the intensity of tourism demand 

within the region. At the same time, the 

association between accommodation arrivals 

and overnight stays highlights both the growth 

in tourist circulation and the increasing 

duration of visitor presence in rural 

destinations. 

This reflects an improved capacity of 

destinations to retain tourists, which is 

essential for the long-term sustainability of 

agrotourism and for maximizing its economic 

impact on rural communities. 

The predominance of domestic tourism 

highlights the importance of local and 

regional demand in supporting rural tourism 

development.  

Agrotourism relies heavily on proximity 

markets, where accessibility and cultural 

familiarity play a significant role in attracting 

visitors. A more detailed territorial analysis 

reveals significant disparities at county level. 

Counties such as IaἨi record higher values in 

terms of accommodation capacity and tourism 

demand, reflecting better infrastructure and 

stronger economic development. In contrast, 

counties such as GalaἪi and Vaslui show lower 

values, indicating limited tourism 

development and reduced competitiveness. 

The Republic of Moldova presents a lower 

level of tourism development compared to 

Romania; however, a gradual upward trend 

can be observed.  

In 2024, the total accommodation capacity 

reached 25,418 bed places, indicating a 

modest but positive evolution of the tourism 

sector (Table 3).  

These developments highlight the capacity of 

the region to further diversify its tourism 

activities by capitalising on existing 

environmental and cultural resources.  
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Table 3. Accommodation capacity in the Republic of 

Moldova (2024) 

District  Accommodation capacity (in beds) 

Cahul 1,243 

EdineἪ 440 

Ungheni 342 

Glodeni 304 

FŁleἨti 287 

Leova 200 

Nisporeni 48 

Cantemir 0 

Total 25,418 

Source: National Bureau of Statistics of the Republic of 

Moldova (2026) [18]. 

 

The progressive growth of tourism demand 

can contribute to greater territorial visibility 

and may encourage new investment 

opportunities, supporting the consolidation of 

tourism competitiveness over the long term. 

The evolution of tourist arrivals during the 

analysed period reveals substantial changes in 

both the scale and structure of tourism 

demand (Figure 2).  

Statistical data indicate a continuous increase 

in the total number of tourists, from 90.3 

thousand in 2020 to 474.2 thousand in 2024, 

reflecting the gradual recovery and 

subsequent expansion of tourism activity 

following the pandemic period.  

The distinction between resident and non-

resident tourists provides a more detailed 

perspective on tourism demand patterns and 

highlights the different dynamics 

characterising domestic and international 

tourism flows. The results reveal a sustained 

upward trend in both domestic and 

international tourism, with distinct dynamics 

between the two categories. 

The number of resident tourists increased 

from 61.6 thousand in 2020 to 220.2 thousand 

in 2024, indicating consistent growth in 

domestic tourism.  

This trend can be associated with increased 

interest in local destinations, particularly in 

rural and agrotourism areas, which are 

generally more accessible and perceived as 

safer in the post-pandemic context.  

At the same time, the number of non-resident 

tourists recorded more accelerated growth, 

from 28.7 thousand in 2020 to 254.0 thousand 

in 2024. Notably, starting with 2023, the 

number of non-residents approached and even 

surpassed that of residents, suggesting a 

gradual recovery of international tourism 

flows and an increasing attractiveness of the 

destination at the external level. 

 

Fig. 2. Evolution of tourist arrivals in Republic of 

Moldova by residence status (2020ï2024)  
Source: Republic of Moldova National Bureau of 

Statistics (2026) [18]. 

 

The comparative analysis of the two 

categories indicates a structural shift in 

tourism demand. While domestic tourism 

played a stabilizing role during the pandemic 

period, international tourism has become a 

key driver of growth in the later stages of 

recovery.  

This evolution reflects broader trends 

observed at European level, where tourism 

recovery has been characterized by an initial 

reliance on domestic demand, followed by a 

progressive return of international mobility. 

From an economic perspective, the increase in 

non-resident tourists is particularly relevant, 

as it is generally associated with higher 

average expenditure and a stronger 

contribution to local economies.  

In parallel, the upward trend observed in 

resident tourism emphasises the strategic 

importance of domestic tourist flows for 

supporting the stability and long-term 

resilience of tourism-related activities. 

Overall, the data suggests a transition from a 

recovery phase to a consolidation phase, in 

which tourism growth is supported by both 

domestic and international segments. This 

dual dynamic represents a favourable context 

for the development of agrotourism, which 

can capitalize on local demand while 

simultaneously attracting foreign visitors 

interested in authentic rural experiences. 

The analysis of tourism demand is further 

complemented by the structure of overnight 
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stays across different types of accommodation 

units. This approach allows not only the 

assessment of overall tourism dynamics, but 

also the identification of structural differences 

between accommodation categories.  

Data for 2024 indicate a total of 1,557.1 

thousand overnight stays, of which 501.3 

thousand were generated by non-resident 

tourists, highlighting the increasing role of 

international demand in the tourism sector 

(Figure 3).  

 

Fig. 3. Evolution of overnight stays by residence status 

(2020ï2024) 
Source: National Bureau of Statistics (2026) [18]. 

 

The evolution of overnight stays confirms a 

positive trend in tourism demand, with a total 

increase of 10% in 2024 compared to 2023. 

This growth is primarily driven by the 

expansion of international tourism, as 

reflected by the significant increase of 22.8% 

in overnight stays generated by non-residents. 

A structural analysis by type of 

accommodation reveals important differences 

in tourism patterns (Table 4).  

Hotels and motels represent the dominant 

category in terms of overnight stays, 

accounting for 534.4 thousand overnight stays 

in 2024, of which a substantial share (422.8 

thousand) was generated by non-resident 

tourists. This indicates that international 

tourism is highly concentrated in higher-

standard accommodation units, reflecting 

preferences for comfort and accessibility. 

In contrast, tourist and agrotourism 

guesthouses recorded 78.9 thousand overnight 

stays, with a moderate increase of 3.5% 

compared to the previous year. 

Although their share in total tourism remains 

relatively limited, these structures play a key 

role in promoting rural tourism and 

supporting local economies. The increase of 

14.7% in overnight stays generated by non-

residents within this category suggests a 

growing international interest in authentic 

rural experiences. 
 

Table 4. Overnight stays in Moldovaôs tourism, 2023-

2024 
 2024 2024 vs. 2023 (%) 2023 vs. 2022 (%) 

Overnight 

stays 

(thousands) 

of which 

non-

residents 

(thousands) 

Overnight 

stays 

of which 

non-

residents 

Overnight 

stays 

of which 

non-

residents 

Total, of 

which   

1,557.1 501.3 

 

110.0 122.8 

 

105.1 

 

96.7 

Hotels and 

motels 

534.4 422.8 

 

124.3 

 

124.5 

 

98.0 

 

98.1 

Visitor hostels 81.6 7.2 104.8 

 

194.3 

 

99.8 

 

143.1 

Tourist and 

agrotourism 

guesthouses 

78.9 

 

23.7 103.5 

 

114.7 93.8 

 

63.2 

Health and 

wellness 

establishments 

407.2 6.4 

 

105.0 

 

132.9 103.3 104.4 

Holiday and 

leisure 

structures* 

165.0 40.7 96.1 103.9 116.9 109.7 

Holiday 

camps 

290.0 106.8 

 

106.8 

 

611.1 

 

120.1 67.5 

*Tourist villas, holiday villages, etc. 

Source: National Bureau of Statistics (2026) [18]. 

 

Other accommodation types also display 

distinct dynamics. Structures for rest and 

recreation recorded a slight decrease in total 

overnight stays (96.1% compared to 2023), 

indicating potential stagnation or reduced 

demand in this segment. On the other hand, 

holiday camps registered a significant 

increase in non-resident overnight stays (over 

600%), although their absolute contribution 

remains low, suggesting emerging but still 

limited international interest. 

The comparative analysis highlights that 

tourism demand is unevenly distributed across 

accommodation types, with a clear dominance 

of urban-oriented structures such as hotels and 

motels, and a more modest, yet stable, 

presence of rural accommodation units. This 

pattern suggests that, although agrotourism 

has development potential, it still occupies a 

secondary position within the overall tourism 

system. At the same time, the increasing 

contribution of non-resident tourists across 

several accommodation categories indicates a 

gradual internationalization of tourism 

demand. This trend is particularly relevant for 

cross-border regions, where proximity and 

cultural similarities can facilitate tourism 

flows. Overall, the combined analysis of 
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overnight stays and accommodation structure 

confirms that tourism development is not only 

expanding in quantitative terms but also 

undergoing structural transformations. These 

changes reflect broader economic, social, and 

behavioural factors influencing tourism 

demand and underline the need for targeted 

policies aimed at supporting both mass 

tourism and niche segments such as 

agrotourism. 

According to the National Bureau of Statistics 

of the Republic of Moldova [18], the spatial 

distribution of accommodation capacity 

reveals significant territorial disparities. 

Districts such as Cahul and UTA GŁgŁuzia 

concentrate a higher number of 

accommodation units, offering greater tourism 

capacity. In contrast, districts such as 

Cantemir and Nisporeni record very low or 

even negligible levels of tourism 

infrastructure. This uneven distribution 

highlights the existence of structural 

imbalances in tourism development across the 

region, reflecting differences in accessibility, 

local investment capacity, and the level of 

economic development. 

The spatial distribution of accommodation 

capacity in the Republic of Moldova was 

analysed for the period 2022ï2024. The 

results indicate relatively limited changes in 

the overall distribution pattern, suggesting a 

slow pace of development. The most recent 

spatial distribution is illustrated in Figure 4, 

corresponding to the year 2024. 

 

 
Fig. 4. Spatial distribution of accommodation capacity 

in the Republic of Moldova (2024)  

Source: National Bureau of Statistics [18]. 

Spatial evaluation for the 2022ï2024 period 

identified a relatively stable territorial 

configuration, with only limited structural 

changes, suggesting a gradual evolution of 

development processes. 

Although agrotourism presents growth 

potential, its expansion remains uneven and 

strongly dependent on local conditions, 

including accessibility, infrastructure, and 

investment capacity. 

Figure 5 illustrates the comparative evolution 

of key agrotourism indicators in Romania and 

the Republic of Moldova, highlighting 

differences in accommodation capacity, 

tourism demand, and the overall level of 

tourism development between the two 

countries. 

 

Fig. 5. Comparative dynamics of agrotourism 

development in Romania and the Republic of Moldova 

(2020ï2024) 
Source: Authors, based on National Institute of 

Statistics [19] and National Bureau of Statistics [18]. 

 

A comparative perspective highlights the 

higher degree of tourism consolidation in 

Romania, where accommodation 

infrastructure and tourism demand have 

reached significant levels. Conversely, the 

Republic of Moldova displays a less 

developed tourism profile, characterised by 

infrastructural limitations and spatial 

disparities between regions. 

These differences indicate that agrotourism 

development is influenced not only by natural 

and cultural resources, but also by broader 

economic, institutional, and infrastructural 

factors. 

The results provide a solid basis for 

understanding the development patterns 

observed in the cross-border region. 
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The analysis reveals a clear asymmetry 

between Romania and the Republic of 

Moldova in terms of agrotourism 

development, both quantitatively and 

structurally. Romaniaôs agrotourism sector 

reflects a consolidated system, supported by 

infrastructure development, access to 

European funding, and a diversified tourism 

market. The steady increase in the number of 

agrotourism guesthouses indicates not only 

expansion, but also a process of stabilization, 

suggesting a transition toward structural 

maturity. 

In contrast, the Republic of Moldova presents 

a developing agrotourism sector, 

characterized by localized growth and 

significant territorial disparities. The uneven 

distribution of accommodation capacity 

highlights the dependence of tourism 

development on local initiatives, accessibility, 

and economic conditions. 

From a spatial perspective, the concentration 

of tourism infrastructure in a limited number 

of districts reflects structural imbalances and 

uneven development. This pattern suggests 

that certain areas benefit from more 

favourable economic and infrastructural 

conditions, while others remain 

underdeveloped. 

An important finding of this study is that 

geographical proximity does not automatically 

lead to similar levels of development. 

Although the two countries share cultural 

heritage and comparable natural resources, the 

border does not currently function as a 

catalyst for agrotourism development. Instead, 

it reflects structural differences that limit 

integration. This interpretation is consistent 

with previous research, which emphasizes that 

tourism development is primarily influenced 

by economic, institutional, and infrastructural 

factors rather than by geographical proximity 

alone [4], [20]. 

At the same time, the results highlight 

significant opportunities for cross-border 

cooperation. The complementarities between 

Romaniaôs developed infrastructure and 

Moldovaôs authentic rural tourism potential 

could support the development of integrated 

tourism products. 

Such initiatives could enhance regional 

competitiveness, stimulate local economies, 

and contribute to reducing territorial 

disparities. Therefore, strengthening cross-

border cooperation represents a key direction 

for future development. 

 

CONCLUSIONS 

 

The present study analysed the development 

of agrotourism activities in the Romaniaï

Republic of Moldova cross-border area, 

focusing on tourism indicators, spatial 

distribution, and comparative dynamics 

between the two countries. 

The results highlight significant differences in 

both the level and structure of agrotourism 

development. Romania demonstrates a 

comparatively consolidated agrotourism 

sector, characterized by a substantial increase 

in the number of guesthouses, strong tourism 

demand, and a diversified accommodation 

offer. This evolution has been supported by 

sustained investment, access to European 

funding, and the growing interest in rural 

tourism experiences. 

In contrast, the Republic of Moldova presents 

a developing agrotourism sector, 

characterized by moderate growth and 

pronounced territorial disparities. The spatial 

distribution of accommodation capacity 

indicates a concentration of tourism activities 

in areas with better accessibility, 

infrastructure, and economic opportunities, 

highlighting the strong influence of local 

conditions on development patterns. 

The study confirms the initial hypothesis that 

geographical proximity does not automatically 

lead to higher levels of agrotourism 

development. Although the two countries 

share similar cultural and natural 

characteristics, differences in economic, 

institutional, and infrastructural frameworks 

play a decisive role in shaping development 

trajectories. 

From a territorial perspective, agrotourism 

development remains unevenly distributed, 

being concentrated in areas with favourable 

conditions. This suggests the existence of 

untapped potential in less developed regions, 

particularly in border areas, where targeted 
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interventions could stimulate local economic 

growth and reduce regional disparities. 

The findings emphasize the importance of 

integrated public policies aimed at supporting 

rural development and promoting agrotourism 

as a tool for economic diversification. 

Strengthening the link between agriculture 

and tourism can generate additional income 

sources, support local value chains, and 

enhance the resilience of rural communities. 

Existing complementarities between Romania 

and the Republic of Moldova create 

favourable premises for the expansion of 

cross-border tourism partnerships. The more 

advanced tourism infrastructure developed in 

Romania, combined with the traditional and 

rural tourism potential identified in the 

Republic of Moldova, can support the 

development of coordinated tourism offers 

and shared territorial promotion initiatives. 

These measures may strengthen the long-term 

competitiveness of the analysed region. 

A limitation associated with this investigation 

is represented by the exclusive use of official 

statistical sources, which may underestimate 

tourism activities taking place outside 

formally registered accommodation structures 

or within small-scale local initiatives. 

Future research could address qualitative 

dimensions, such as tourist behaviour, local 

community involvement, and the role of 

digitalization and artificial intelligence in 

supporting rural tourism development. 

Overall, the study contributes to a better 

understanding of agrotourism dynamics in 

cross-border regions and provides a relevant 

basis for policy development aimed at 

reducing territorial disparities and promoting 

sustainable rural growth. 
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Abstract 

 

In Romania, garlic (Allium sativum L.) has become popular because it survives well during winter and can be 

cultivated in autumn before the frost sets in. Romanian garlic is cultivated because it is a profitable investment that 

brings considerable income to farmers who grow this plant, in a context where Romanian consumers are 

increasingly looking for Romanian products with superior nutritional qualities. In this context, garlic cultivation has 

become a business opportunity, with a substantial contribution from the subsidy granted, the de minimis aid being 

ú3,000/ha in 2024, for a minimum eligible area of 0.1 ha. The paper addresses a comparative study on the 

productivity of garlic cultivation and the evolution of cultivated areas between 2021 and 2024 at the national level. 

The analysis aims to identify the development trends and productivity of this horticultural crop. Our country is a 

major producer, with a maximum production of 60,601 tons in 2021, after which a downward trend was recorded 

with 45,801 tons in 2023 and 41,628 tons in 2024, due to drought and water shortages that caused major problems 

for this crop. 

 

Key words: garlic, production, Romania, opportunity of cultivation  

 

INTRODUCTION  
 

Agriculture is one of the most important 

sectors of the economy, playing a vital role in 

ensuring food security and the sustainable 

development of society. In the current context, 

marked by climate change and a population 

growth projected to reach 10 billion people by 

2050, the need for efficient use of natural 

resources and the optimization of crop 

cultivation such as garlic cultivation on farms 

has become a major priority. 

Garlic (Allium sativum L.) is one of the oldest 

and most valuable crops cultivated worldwide, 

valued for both its culinary and medicinal 

properties. 

Garlic was used as an antiseptic to prevent 

gangrene during World War I, and it is also 

mentioned in the Bible. Over 300 varieties of 

garlic are known to be cultivated worldwide, 

primarily in hot and dry regions, and it ranks 

among the top twenty most important 

vegetables in the world [4]. Garlic was 

domesticated in the 1980s, when fertile plants 

were discovered in Central Asia that could be 

studied in terms of flowering and seed 

production; since garlic is an asexual plant 

that propagates only vegetatively, this 

discovery opened up new avenues of research 

in genetics, plant breeding, and plant 

physiology [8]. 

Bulbs are an adaptation of the plant to the 

growing conditions of arid regions, which are 

characterized by dry summers. Globally, 

garlic is grown primarily in temperate 

climates, with an annual production of 

approximately 28 million tons on an area of 

about 1.6 million hectares. The main 

producers are China and India, which account 

for approximately 80% of global production 

[11]. 

Currently, China, which holds a clear lead in 

global production, faces challenges such as 

insufficient integration of agricultural 

machinery, crop mechanization, garlic 

sowing, inadequate agricultural practices, and 

a lack of standardization in planting methods 

[19]. 

Comparing 100 countries in 2022, China 

ranked first in garlic production with 21,338 

mailto:cosmin-andrei.burcea@agro.usamv.ro
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kt, maintaining its top position for over 10 

years, followed at a considerable distance by 

India with 3,208 kt and then Bangladesh with 

527 kt, according to the FAO, with all three 

countries accounting for 86% of global 

production. Historically, total garlic 

production reached an all-time high of 29,149 

kt in 2022 [6]. 

 

 
Fig. 1.  Garlic production in 2022 (kt)  

Source: [6]. 

 

Garlic cultivation has a long tradition in 

Romania as well, being practiced in most 

agricultural areas, particularly in home 

gardens, where it helps supplement rural 

incomes. Interest in this crop has grown 

steadily, driven by increasing demand both 

domestically and internationally, as well as by 

agricultural policies aimed at supporting 

Romanian producers. Although garlic benefits 

from favorable growing conditions in 

Romaniaðtolerating winters well and 

requiring temperatures between 

approximately 20°C and 38°C during the 

growing seasonðachieving high yields is 

hindered by a number of challenges. These 

include competition from imports, the use of 

traditional technologies, low levels of 

investment in mechanization, and the lack of 

modern irrigation systemsðfactors that 

contribute to the diminished competitiveness 

of local producers in the market [15]. 

Garlic prefers fertile, well-aerated, and well-

drained soils with a pH between 6 and 6.5, 

and to achieve high yields, it requires 

balanced fertilization based on NPK nutrients. 

In Romania, the number of garlic varieties 

approved and used in production is relatively 

small, limited to seven varieties approved and 

available in 2021, which highlights the need 

to intensify research aimed at selecting 

varieties better adapted to local soil and 

climate conditions [16]. 

In Romania, there are few studies that 

characterize the genotypes of cultivated garlic, 

as well as the influence of environmental 

factors such as soil quality, agricultural 

practices, climatic conditions, or photoperiod 

[17]. Furthermore, temperatures exceeding 

42ï43°C can cause heat stress, leading to 

slower plant growth and an increased risk of 

sunscald. At the same time, research shows 

that late planting can result in significant 

losses, and establishing the crop in the spring 

leads to a yield reduction of approximately 

16% [14]. Garlic can survive winter 

temperatures as low as -25 °C if it is well-
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rooted and begins to grow at temperatures of 

3ï5 °C [12]. 

Vegetative multiplying of garlic has the 

disadvantage of transmitting pathogens, 

viruses, and mycoplasmas, ultimately 

resulting in reduced plant vigorous, lower 

yields, and poorer crop quality [7]. 

Although garlic is frequently used as a 

bioinsecticide, it is affected by a relatively 

small number of pests, which can significantly 

impact crop yields in Romania. Among the 

most important pests are wireworms (Agriotes 

spp., Coleoptera: Elateridae) and nematodes 

(Ditylenchus dipsaci, Tylenchida: 

Anguinidae), considered the most 

problematic, with damage observed in 

approximately 40% of the plants analyzed [3]. 

The current state of garlic genetics and 

genomics highlights recent developments that 

will lead to its evolution into a modern crop, 

including the development of sexual 

reproduction in certain garlic varieties, the 

genetics of infertility, the induction of 

flowering and bulb formation, organoleptic 

properties, and resistance to various pathogens 

[11]. 

In this context, the paper aimed to make a 

comparative study on the productivity of 

garlic cultivation and the evolution of 

cultivated areas between 2021 and 2024 at the 

national level in order to identify the 

development trends and productivity of this 

horticultural crop. 
 

MATERIALS AND METHODS  

 

The research is based on a statistical-

comparative analysis method, used to 

highlight trends in production and area 

indicators for the 2021ï2024 period. This 

sequential analysis highlights the dynamics of 

total production and annual variations in the 

total area under garlic cultivation. 

By comparing statistical data for the period 

under review, the aim is to assess the sectorôs 

performance and determine the growth 

potential of garlic cultivation in Romania, in 

the context of domestic demand and 

competition with imported products. 

The data used in this study consists of official 

statistical data on garlic cultivation in 

Romania. The information was obtained from 

public databases provided by the National 

Institute of Statistics (INS) via the TEMPO-

Online platform [10], as well as from reports 

published by the Ministry of Agriculture and 

Rural Development (MADR) [13]. These 

sources ensure the official, comparable, and 

relevant nature of the data used in the 

analysis. 

Statistical analysis served as the basis for 

interpreting data on yields and cultivated 

areas, enabling the organization, comparison, 

and synthesis of information at the national 

level and by macro-development regions. This 

method highlighted regional differences and 

trends in garlic cultivation. 

The calculation of the average was used to 

determine the average value of cultivated 

areas and average total yields obtained during 

the period examined, facilitating comparisons 

between regions. 

In addition, the interpretation of the statistical 

data took into account trends over time (year-

over-year changes) as well as correlations 

with the economic importance of the crop in 

different areas. Thus, the methods used 

provide a clear and comparative picture of the 

distribution and evolution of cultivated areas 

and total yields for garlic cultivation in 

Romania, by macro-development regions. 

Romania is divided into four macro-

development regions, which include the 

following regions: 

¶ Macro-region 1, comprising the 

Northwest and Central regions; 

¶ Macro-region 2, which comprises the 

Northeast and Southeast regions; 

¶ Macro-region 3, comprising South 

Muntenia and Bucharest-Ilfov;  

¶ Macro-region 4, comprising the South-

West Oltenia and West regions. 

 

RESULTS AND DISCUSSIONS 

 

As the populationôs material well-being 

improves, the composition of the food basket 

shifts toward increased consumption of 

vitamin-rich vegetables, including garlic. This 

trend, combined with the opportunity to fully 

utilize the existing natural and economic 

potential for garlic production, should serve as 
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the basis for the future development of the 

vegetable industry [1]. 

Total garlic production in Romania varies 

depending on climatic conditions, ranging 

from 55,000 tons (2017) to 21,000 tons 

(2021), with Romania remaining among the 

top producers in the European Union; the 

average yield per hectare in Romania is 

between 8 and 15 tons.  

Under average technological conditions, 

garlic productivity in Romania frequently 

ranges between 4ï8 tons/ha; however, on 

high-performing farms where modern 

technologies are applied (drip irrigation, 

balanced fertilization, etc.), yields can exceed 

10ï12 tons/ha. 

Trends in Key Indicators for Garlic 

Cultivation in Romania 

Regarding the trends in total production and 

total garlic cultivation area, we observe that 

total production is declining significantly, 

from 60,601 tons in 2021 to 41,628 tons in 

2024, representing a decrease of 

approximately 31.3%. This trend reflects 

disadvantageous weather conditions and 

challenges related to pest infestations, 

inconsistent application of agricultural 

technologies, or reduced costs and 

profitability (Table 1). 

 
Table 1. Trends in key indicators for garlic cultivation, 

2021ï2024 
Indicat

ors 
2021  2022 2023  2024 Average  

2021-

2024 

Total 

product

ion, t 

60,601 50,235 45,801 41,628 34,566.3 

Total 

area, ha 

9,569 8,986 8,713 8,429 8,924.25 

Source: Own calculations based on the data from 

National Statistical Institute, 2026 (INS) [10]. 

 

At the same time, the cultivated area is 

gradually shrinking, from 9,569 hectares in 

2021 to 8,429 hectares in 2024, a decrease of 

approximately 12%. The slower rate of 

decline in cultivated area compared to that of 

production indicates that, in addition to the 

reduction in land area, productivity per 

hectare has decreased (Figure 2). 

 

 
Fig. 2. Trends in total production relative to the total area planted with garlic 

Source: Own calculations based on the data from National Statistical Institute, 2026, (INS), [10]. 

 

Thus, the data highlight a decline in both 

cultivated area and yield, suggesting the need 

to adopt more efficient agricultural 

technologies, improve irrigation systems, and 

enhance support policies for Romanian 

producers. 

Regarding the dynamics of average 

production by macro-development regions, 

the table shows a general decline in 
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production across all four macro-regions 

between 2021 and 2024, confirming a 

negative trend at the national level. 

An analysis by development macro-regions 

indicates that Macro-region 2 remains the 

most productive across all the years 

examined, but has seen a significant decline in 

production of approximately 37% (from 

21,918 tons to 13,771 tons) (Table 2). 

 
Table 2. Trends in average production by development 

macro-region, 2021ï2024, in tons 

Macro-

regions 

Total productions, tons 

2021 2022  2023 2024 

Macro-

region 1 

10,380 8,062 7,327 6,608 

Macro-

region 2 

21,918 17,547 15,881 13,771 

Macro-

region 3 

11,672 10,354 9,282 8,911 

Macro-

region 4 

16,631 14,272 13,311 12,338 

Average 15,150

.25 

12,558.7

5 

11,450.

25 

10,407 

Source: Own calculations based on the data from 

National Statistical Institute, 2026, (INS,) [10]. 
 

Macro-region 4 shows a moderate decline of 

around 26%, from 16,631 tons in 2021 to 

12,338 tons in 2024, suggesting relatively 

greater stability in production in this area.  

Macro-region 3 shows the slowest decline, 

approximately 24% (from 11,672 tons to 

8,911 tons), making it the most stable in terms 

of production trends.  Macro-region 1 has the 

lowest production over the entire period and a  

significant decline of approximately 36%, 

which may reflect less advantageous 

conditions and a lower importance of the crop 

in this region. 

Average production by region is steadily 

declining, from 15,150.25 tons in 2021 to 

10,407 tons in 2024, indicating a general 

downward trend in production across regions 

(Figure 3). 

Macro-region 2 ranks first, with an average 

production of 17,279.25 tons, reflecting very 

favorable conditions for garlic cultivation. 

Next, macro-region 4 contributes significantly 

to national production, with an average of 

14,138 tons, although this is 3,141.25 tons 

lower than in macro-region 2. 

 

 
Fig.3. Average garlic production for the period 2021ï2024 

Source: Own calculations based on the data from National Statistical Institute, 2026, (INS,) [10]. 

 
Macro-region 3 ranks third, with an average 

production of 10,054.75 tons, while macro-region 

1 records the lowest production, at 8,094.25 tons, 

suggesting less favorable conditions for this crop 

(Table 3). An analysis of Table 4 indicates a 

downward trend in the area under garlic 

cultivation across all of the countryôs macro-

regions between 2021 and 2024, from 2,392.5 

hectares in 2021 to 2,107.25 hectares in 2024 

(Table 4). 
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Table 3. Ranking by development macro-region based 

on average garlic production, in tons 

Macro-regions Average 

production (2021ï

2024), tons 

Ranking 

Macro-region 1 8,094.25 IV 

Macro-region 2 17,279.25 I 

Macro-region 3 10,054.75 III  

Macro-region 4 14,138 II  

Average 12,391.56 

Source: Own calculations based on the data from 

National Statistical Institute, 2026, (INS,) [10]. 

 
Table 4. Average area planted with garlic, 2021ï2024, 

ha 

Macro-

regions 

Total area, ha 

 2021  2022  2023 2024 

Macro-

region 1 

1,628 1,377 1,355 1,332 

Macro-

region 2 

3,314 3,308 3,114 2,901 

Macro-

region 3 

1,856 1,777 1,746 1,723 

Macro-

region 4 

2,772 2,524 2,498 2,473 

Average 2,392.5 2,246.5 2,178.25 2,107.25 

Source: Own calculations based on the data from 

National Statistical Institute, 2026, (INS) [10]. 

 

Macro-region 2 has the largest cultivated 

areas, ranking first, but a gradual decline is 

noted, from 3,314 hectares in 2021 to 2,901 

hectares in 2024. Next is macro-region 4, 

which, although it maintains large cultivated 

areas averaging 2,566.75 hectares, is also 

experiencing a downward trend. 

 
Table 5. Ranking by macro-development region, based 

on the average area planted with garlic, in hectares 

Macro-regions Average area 

(2021ï2024) 

Ranking 

Macro-region I 1,423 IV  

Macro-region II 3,159.25 I 

Macro-region III 1,775.5 III  

Macro-region IV 2,566.75 II  

Average 2,231.12 

Source: Own calculations based on the data from 

National Statistical Institute, 2026, (INS,) [10]. 

 

Macro-region 3 shows a slight and steady 

decline, being the most stable in terms of 

changes in cultivated area, with an average of 

1,775.5 hectares. In contrast, macro-region 1 

has the smallest cultivated areað

approximately 1,423 hectares on averageð

and a more pronounced decline during this 

period (Table 5). 

Figure 4, shows a steady decline in the 

average area planted with garlic in Romania 

between 2021 and 2024. The largest average 

area is recorded in 2021, at 2,392.5 hectares, 

followed by a gradual annual decline, 

reaching 2,107.25 hectares in 2024. This 

decrease is gradual and without significant 

variations, highlighting a downward trend 

(Figure 4). 

 

 
Fig. 4. Average area planted with garlic during the 2021ï2024 period 

Source: Own calculations based on the data from National Statistical Institute, 2026, (INS,) [10]. 

2,392.50

2,246.50

2,178.25

2,107.25

1,950.002,000.002,050.002,100.002,150.002,200.002,250.002,300.002,350.002,400.002,450.00

Year 2021

Year 2022

Year 2023

Year 2024

Average area planted with garlic in Romania, 2021ï2024, ha



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

133 

In 2024, yields dropped significantly, with 

producers reporting declines of up to 60% 

compared to a normal year; the situation was 

critical in non-irrigated areas [2].  

The Economic Importance of Garlic 

Cultivation  

Garlic farming is of significant economic 

importance, as it is a crop valued for the 

benefits that contribute to its sustainability 

and profitability. Garlic commands a 

relatively stable market price, which provides 

farmers with important financial 

predictability. It can also be sold both fresh 

and in processed form, increasing its added 

value. 

Furthermore, farmers can sell garlic directly 

in local markets, benefiting from a close 

connection with consumers, or they can 

choose to join agricultural cooperatives, 

which can facilitate access to diverse markets 

and more beneficial commercial terms. Thus, 

garlic cultivation contributes not only to the 

diversification of agricultural income but also 

to the sustainable economic development of 

rural areas [1]. 

Start-up costs. The start-up costs for garlic 

cultivation are moderate, and the short 

growing season allows for rapid crop rotation 

and the optimal use of agricultural land. 

Based on an analysis of the main production 

costs for garlic, achieving an estimated yield 

of 7,000 kg/ha requires agrotechnical 

expenses in total 15,949 Euros [2]. 

Studies show that the initial costs for growing 

one hectare of garlic range from 15,000 to 

20,000 euros and include the following items: 

Å Purchase of garlic cloves for planting, 

amounting to 4,000ï6,000 euros; 

Å    Soil preparation and fertilization, 

ranging from 2,500 to 4,000 euros; 

Å Installation of the irrigation system, 

estimated at 1,500 to 3,000 euros; 

Å    Labor costs for planting, maintenance, 

and harvesting, ranging from 5,000 to 7,000 

euros. 

In terms of production, one hectare can yield 

between 5 and 10 tons of garlic, with total 

revenue ranging from 50,000 to 100,000 

euros, depending on the quality of the harvest 

and market prices. After covering costs, the 

annual net profit can exceed 30,000 euros [5]. 

Government measures to support garlic 

producers, through subsidies to compensate 

for losses caused by drought, underscore the 

strategic economic importance of this crop for 

Romania. 

These financial interventions not only help 

small and medium-sized farms maintain and 

increase production, but also contribute to 

reducing dependence on imports, thereby 

strengthening the domestic agricultural sector. 

Consequently, the support provided reflects 

the recognition of garlicôs economic value as 

a profitable and important crop in Romaniaôs 

economy. To encourage domestic production, 

the state offered financial aid in the form of 

ñde minimisò support for farmers growing 

garlic [2]. 

In 2024, the Government continued the 

ñGarlicò support program, granting a subsidy 

of 1,500 euros per hectare to farmers who 

cultivated at least 0.3 hectares, in accordance 

with Government Emergency Ordinance 

13/2024 (MDR) [9]. 

 

CONCLUSIONS 

 

An analysis of the key indicators for garlic 

cultivation reveals a gradual decline in both 

cultivated area and production volume each 

year. 

In conclusion, garlic production is declining 

in all macro-regions, albeit to varying degrees. 

Macro-regions 3 and 4 are the most affected, 

while macro-region 2 stands out for having 

the highest total garlic production. 

In terms of the trend in total production, the 

decline is steady, with no major fluctuations, 

indicating the influence of factors such as 

drought, rising costs, a reduction in cultivated 

areas, or technological challenges. The rate of 

decline is more pronounced during the 2021ï

2022 period, after which it moderates slightly 

in some regions. 

The distribution of total garlic production 

nationwide is uneven, with macro-regions 2 

and 4 holding an advantage, as they dominate 

this market through their significant 

contribution. 

Regarding the total area under garlic 

cultivation in Romania, this is gradually 

decreasing across all macro-regions, while 
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maintaining a stable hierarchy, with macro-

region 2 in first place. 

The national average farm size is expected to 

decline from 2,392.5 hectares in 2021 to 

2,107.25 hectares in 2024, reflecting a general 

decline in interest in farming. 

Thus, although the area under cultivation has 

shown a slight decline depending on the 

agricultural year, farmers remain interested in 

this crop, as they are also encouraged by the 

de minimis aid scheme provided by the 

Romanian government. 

Although it involves high production costs, 

these characteristics make garlic an attractive 

option for small and medium-sized farms, for 

which this crop can be an important source of 

income. 
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Abstract 

 

The manuscript analyses the potential for sustainable development of the Sasca Montana commune by capitalizing 

on existing natural and cultural resources. The research adopts a mixed-methods approach, combining 

documentary and statistical analysis, assessments of infrastructure and accessibility, SWOT analysis, as well as 

semi-structured interviews conducted with key local stakeholders. The results highlight the presence of an 

exceptional natural heritage (karst landscapes, biodiversity, protected areas) and a valuable cultural heritage that 

remains insufficiently valorised. Although tourist accommodation facilities have diversified and increased in 

number, their utilization continues to be affected by seasonality and the lack of integrated complementary services. 

The findings confirm rural tourism and agrotourism as the main drivers of future sustainable development; 

however, their current impact remains moderate, being constrained by deficient infrastructure, reduced 

administrative capacity, and population aging. 

 

Key words: sustainable rural development, rural tourism, agrotourism, natural resources, cultural resources,  

                   Sasca Montana 

 

INTRODUCTION  

 

Sustainable rural development represents one 

of the priority directions of European and 

national policies, aiming to improve the 

quality of life in rural areas through the 

responsible use of natural, cultural, and 

human resources [3] [13]. In this context, the 

intelligent capitalization of local heritage 

becomes an essential element for revitalizing 

communities located in isolated areas or areas 

with insufficiently exploited potential [11] 

[28] [29]. 

Mountain rural communities in Romania face 

numerous economic and social difficulties, 

such as depopulation, population aging, 

deficient infrastructure, and poor 

capitalization of local resources [7] [20] [25].  

Territorial development and rural tourism and 

agrotourism are linked to each other [1] [5] 

[6]. Rural tourism involves tourists from rural 

areas attracted by the distinctive character of 

the landscape, recreational activities such as 

local resources and food, as well as the 

potential for spiritual, ecological and cultural 

growth [9]. In Romania there are also well-

developed mountain destinations, such as 

Marginimea Sibiului [2] [8] [18], Maramures 

Area [15], Mountain Area in Bihor County 

[21], Apuseni Mountains [4] [12] [32], 

Moieciu Area [22], Bucovina [14] [24] in 

terms of infrastructure and visibility on the 

tourist market, which have managed to gain 

notoriety both nationally,  and internationally, 

developing coherently, capitalizing on its 

natural and cultural heritage and offering 

services in successful agrotourism 

guesthouses, which have continuously 

developed both numerically and in terms of 

comfort level. Despite the growing body of 
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literature on rural tourism and sustainable 

development in Romanian mountain regions, 

most studies focus on well-established 

destinations or on descriptive assessments of 

tourism potential. However, limited attention 

has been paid to the relationship between 

tourism resources, tourism activity indicators, 

and local development dynamics in small and 

less-developed rural communities [16] [10] 

[19]. 

In particular, there is a lack of integrated 

analyses combining statistical indicators of 

tourism activity with local stakeholdersô 

perceptions in order to assess the extent to 

which tourism potential is effectively 

transformed into economic and social benefits 

at the local level. 

The contribution of this study lies in 

providing an integrated assessment of 

tourism-based rural development at the level 

of a small mountain community, by 

combining quantitative analysis of tourism 

activity indicators with qualitative insights 

from local stakeholders. 

By linking tourism resources, tourism 

performance indicators, and community 

perceptions, the study offers a more 

comprehensive understanding of the gap 

between tourism potential and its actual 

economic valorization. 

Sasca Montana, a locality located in the Anina 

Mountains area, in Caras-Severin County, is 

characterized by a distinct combination of 

natural resources, traditions, cultural elements 

and karst landscapes, which can support a 

sustainable, integrated and long-term 

development [34]. The locality benefits from 

a valuable natural setting, highlighted by the 

presence of the Nerei-Beusnita Gorges 

National Park, one of the most important 

protected areas in Romania, whose 

biodiversity and geomorphological 

particularities attract an increasing number of 

tourists [23]. 

In addition to natural resources, Sasca 

Montana has a diverse cultural heritage, 

resulting from mining activities, multicultural 

influences and local rural traditions [30]. 

However, these resources are insufficiently 

exploited from a sustainable point of view, 

and their economic potential remains only 

partially exploited. At the same time, the 

commune faces problems specific to the rural 

environment, such as demographic decline, 

population ageing, poor infrastructure and 

limited economic opportunities [27]. 

In this context, the development of coherent 

strategies for the sustainable use of natural 

and cultural resources becomes essential for 

strengthening local identity, diversifying the 

economy and promoting responsible tourism 

[17] [26]. 

The present paper aims to carry out an 

integrated analysis of the natural and cultural 

resources of Sasca Montana commune and to 

identify the most efficient ways to capitalize 

on them in order to support sustainable rural 

development. The study is based on the 

analysis of the theoretical framework of 

sustainable development, the assessment of 

local resources, the analysis of tourism 

potential and the identification of economic 

development opportunities, in accordance 

with the principles of environmental 

protection and heritage conservation. 

Through the proposed interdisciplinary 

approach, the research offers an applied 

perspective, useful both to the academic 

environment and to the local administration, 

community organizations and economic actors 

interested in revitalizing the area. Finally, the 

analysis formulates strategic directions that 

support the sustainable development of Sasca 

Montana commune, based on the principles of 

sustainability, local identity and responsible 

use of resources. 
 

MATERIALS AND METHODS  

 

The research employs a mixed approach, both 

quantitative and qualitative, structured into the 

following stages: 

- documentation and theoretical analysis, 

consisting of the review of specialized 

literature on sustainable rural development, 

rural tourism, natural resource management, 

and the capitalization of cultural heritage, as 

well as the analysis of the European and 

national financial support framework; 

- analysis of local resources, consisting of the 

inventory of natural resources through 

consultation of protected area databases and 
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natural park management documents, and the 

evaluation of cultural heritage through the 

study of local archives; 

- socio-economic analysis of the commune, 

consisting of the processing of demographic 

and economic indicators, as well as the 

analysis of tourism infrastructure and the level 

of accessibility, followed by a SWOT analysis 

related to local development; 

- quantitative method, descriptive-analytical, 

based on secondary data: determination of the 

main indicators of tourism activity in Sasca 

Montana commune (2001ï2024), the analysis 

included three primary variables: the 

accommodation capacity in operation (places-

days), the number of arrivals in tourist 

reception structures and the number of 

overnight stays, corresponding to the analysed 

territorial unit. Based on these data, two 

derivative indicators were calculated, used to 

assess the efficiency of tourism activity and 

tourist behaviour: 

 
- qualitative methods included field 

observation and semi-structured interviews 

with relevant local actors (government 

representatives, entrepreneurs, protected area 

specialists and tour operators). The sample 

included 30 participants, considered sufficient 

to achieve thematic saturation. The 

interviews, conducted in September 2025 

(face-to-face and online), lasted 15ï20 

minutes and were based on open-ended 

questions on resources, tourism impact, 

constraints and development prospects. The 

participants were informed and expressed 

their consent. Confidentiality and anonymity 

of participants were ensured; 

- following these research activities, a 

synthesis is developed to support the 

formulation of strategic directions for the 

sustainable development of the commune. 

 

RESULTS AND DISCUSSIONS 

 

The results and discussions section of the 

article is structured into three parts: 

- the first part includes the presentation of the 

study area analyzed in the article; 

- the second part consists of the socio-

economic analysis of the commune, finalized 

with a SWOT analysis; 

- the third part presents the applied research 

and its results. 

Part I ï Presentation of the studied area ï 

Sasca Montana commune 

Geographical location. Sasca Montana 

commune is located in the south-western part 

of Caras-Severin County, Banat region, 

Romania, in the mountainous area of southern 

Banat, at the intersection of the Locvei 

Mountains to the west, the Almajului 

Mountains to the east, and the Anina 

Mountains [27]. 

Natural resources. From a geographical point 

of view, the relief of Sasca Montana 

commune is specific to the relief levels 

existing within its territory: 70% hills and 

30% mountains [31]. 

The climate of Sasca Montana is influenced 

by phytoclimatic conditions and 

Mediterranean influences, characterized by 

moderate winters, hot summers, abundant 

rainfall, low thermal amplitudes and rare 

extreme phenomena. [35]. 

Hydrography. The commune is crossed by the 

Nera River, 125 km long, with a total 

catchment area of 1,400 km² (exclusively on 

Romanian territory), which originates in the 

Semenic Mountains from two springs, one 

below Piatra Goznei Peak (1,477 m), 

Nerganita, and the other below Piatra Nedeii 

Peak (1,453 m), Nergana [35]. 

Flora and fauna from Sasca Montana are 

diversified, including rare Balkan and 

Mediterranean species, as well as numerous 

valuable animals and birds, concentrated in 

the Cheile NereiïBeuἨniἪa National Park, with 

regional ecological importance. [27]. 

The territory of Sasca Montana commune 

offers variable pedogenetic conditions, 

corresponding to areas of the cambisol class 

(43%), molisols (35%), and argiluvisols 

(22%). 

Part II ï Socio-economic analysis of Sasca 

Montana commune. Demography of Sasca 

Montana commune. 

The demographic evolution of Sasca Montana 

commune highlights a clearly declining trend 

during the period 1993ï2020, followed by a 
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period of relative stabilization after 2020 

(Figure 1). 

 

 
Fig. 1. Evolution of the population of Sasca Montana 

commune, 1992ï2025 

Source: Own processing based on [33]. 

 

With regard to the population structure by 

gender, Figure 2 shows a predominance of the 

male population, which is due to the 

occupational specificity of the area, 

determined by the presence of mining 

activities within the commune in the past.  
 

 
Fig. 2. Gender structure of the population of Sasca 

Montana commune in the year 2025 

Source: Own processing based on [33]. 

 

 
Fig. 3. Population structure of Sasca Montana 

commune by age groups, 2025 

Source: Own processing based on [33]. 
 

Regarding the age structure of the population 

of Sasca Montana commune, the analysis of 

Figure 3 indicates that the population of the 

commune is aging. 

Regarding the natural and migratory 

population growth at the commune level 

during the analyzed period, the following 

aspects can be observed: 

- a period of accelerated demographic 

transition between 1992ï2000, marked by 

negative natural growth that began in the first 

decades after 1990;  

- the period 2001ï2010 is characterised by an 

intensification of natural population decline, 

as natural growth continued to decline, 

reaching particularly low levels in 2010; 

- the period 2011ï2020 is marked by a 

stagnation of decline, with no prospects for 

natural recovery, with natural growth values 

remaining negative due to the stabilisation of 

birth rates at very low levels and mortality at 

high levels. (Figure 4). 
 

 
Fig. 4. Natural population growth of Sasca Montana 

commune, during the period 1992ï2024 

Source: Own processing based on [33]. 
 

The migration of the population in Sasca 

Montana commune is analysed according to 

its evolution, in stages: 

- the first stage of analysis, 1992ï2000, is 

characterized by a strong negative migration 

because of the restructuring of mining 

activities in the commune. 

- the period 2001ï2010 shows a continuation 

of negative migration, with an increase in 

external emigration, as the young population 

has permanently left the commune, reducing 

the reproductive demographic base; 

- the period 2011ï2019 shows a trend towards 

stabilization and even a reduction in external 

migration, with a growing interest in tourism 

in the Nera Gorges area, which brings more 

small and medium-sized investments. The 

first guesthouses and holiday homes (small 

entrepreneurial initiatives) appeared; 

- In the period 2020ï2024, the following 

trends can be observed: relocations of people 

from urban areas to natural areas, acquisition 

of properties for tourism purposes. As of 

2023, the increase in migration has started to 

decrease again, but not drastically. 
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Fig. 5. Migratory population growth of Sasca Montana 

commune, during the period 1992ï2024 

Source: Own processing based on [33]. 
 

Natural depopulation is the dominant 

phenomenon at the commune level. However, 

migration can, under certain conditions, 

mitigate demographic decline by attracting 

new residents or investors, representing an 

opportunity for recovery through tourism and 

investment. 

Economic activities in Sasca Montana 

commune. The local economy is based on the 

following activities: subsistence agriculture, 

in both the crop and animal sectors, the 

exploitation of forest resources, tourism (a 

growing sector) and small traditional crafts. 

The main activity that can contribute to the 

revitalization of Sasca Montana commune is 

tourism, by capitalizing on the natural and 

cultural resources existing in the area. 

Presentation of resources (tourist attractions) 

in Sasca Montana commune, according to 

their origin: 

1. Natural resources are divided into three 

categories: 

Karst landscapes and natural attractions, the 

area being one of the most spectacular karst 

regions in Romania, including the following 

main tourist attractions: 

- The Nera Gorges are a protected area of 

national interest (IUCN Category II), located 

in the Anina Mountains, Caras-Severin 

County, representing the longest gorge in 

Romania, characterized by spectacular and 

complex karst relief. 

- The Eye of the Bey is a small karst lake, 

permanently fed by an underground spring, 

highlighted by the intense turquoise-blue 

color of the water. 

- Devil's Lake, a karst lake in the Locvei 

Mountains, located at the beginning of the 

Nera Gorges, is noted for the story of its 

formation and for its blue green color; 

- Beusnita Waterfall represents a set of 

waterfalls developed on limestone tufa 

thresholds; 

- Susara Waterfall , located on the Susara 

River, with a height of approximately 15 m, 

where the water falls in two steps; 

- Boilor Cave, a limestone cave, renowned 

for its active galleries and for its important 

hydrological role in the underground drainage 

of the area. 

×  biodiversity and ecosystems. The Nera 

GorgesïBeusnita National Park located in the 

Anina Mountains (Caras-Severin), includes 

several administrative units and belongs to the 

continental bioregion. It stands out for its 

secular forests, karst aquatic ecosystems, high 

biodiversity and protected fauna, including 

large carnivores and rare species [23]. 

× water resources, present within the studied 

area, consist of extremely clean watercourses, 

mainly represented by natural lakes and 

waterfalls with constant flow. 

2. Cultural resources consist of: 

× The built heritage of Sasca Montana 

includes traditional stone and wooden houses, 

with Swabian influences, old churches, 

mining vestiges and historical constructions. 

The mining activity, which was at its peak in 

the eighteenth century, contributed decisively 

to the development of the locality, which 

became an important center of copper 

production [31]. In the nineteenth and 

twentieth centuries, the first accommodation 

structures appeared, related to mining activity, 

which later acquired architectural and social 

value. However, a significant part of the 

heritage is in an advanced state of degradation 

and is insufficiently integrated into the tourist 

circuit. 

×  Intangible heritage, very rich and 

diversified, but not exploited at its true value, 

represented by popular traditions and local 

customs, folk dances, traditional Banat 

gastronomy, specific crafts and local stories. 

× Tourist infrastructure  of Sasca Montana 

commune. The number of accommodation 

units increased during the period under 

review, including tourist and agro-tourist 

guesthouses, tourist cottages, as well as 

apartments and rooms for rent (Figure 6). 
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Fig. 6. Evolution of tourist accommodation structures 

in Sasca Montana commune 

Source: Own processing based on [33]. 
 

Regarding tourist services, in Sasca Montana 

commune there are restaurants, local guides, 

outdoor equipment rental centers (increasing 

in number), and information points; however, 

these are insufficiently developed. 

 

 
Fig. 7. Existing tourist accommodation capacity by 

types of accommodation structures (beds) 

Source: Own processing based on [33]. 
 

Analyzing the existing tourist accommodation 

capacity by types of accommodation 

structures during the period 2005ï2024 

(Figure 7), a progressive diversification of 

accommodation structures can be observed, 

with an emphasis on more flexible forms 

adapted to rural tourism and agrotourism. 

 

 
Fig. 8. Tourist accommodation capacity in operation by 

types of accommodation structures (bed-days) 

Source: Own processing based on [33] 
 

Figure 8 indicates a clear orientation towards 

flexible accommodation structures specific to 

rural areas, with a predominance of 

agrotourism guesthouses, complemented as of 

2021 with apartments and rooms for rent, 

while tourist cottages have a secondary and 

fluctuating contribution. 

Figure 9 highlights the significant increase in 

tourist arrivals in agrotourism guesthouses, 

which have become the dominant form of 

accommodation, with a maximum recorded in 

2021, followed by moderate fluctuations in 

the post-pandemic period.  

 

 
Fig. 9. Tourist arrivals in accommodation structures by 

types of accommodation structures 

Source: Own processing based on [33]. 

 

Despite the diversification and numerical 

growth of accommodation structures, their 

utilisation rate continues to be limited by the 

seasonality of tourism activity and the absence 

of integrated complementary services. 
 

The data presented in Figure 10 indicate a 

clear predominance of agrotourism 

guesthouses, which concentrate the highest 

number of overnight stays, with a peak in 

2021 and moderate fluctuations thereafter.  

 

 
Fig. 10. Overnight stays in units for tourist 

accommodation by type 

Source: Own processing based on the data from  [33]. 
 

Apartments and rooms for rent record 

significant values after 2021, but with 

oscillating evolution. Tourist cottages play a 

secondary role, with low levels of overnight 

stays, influenced by seasonality. 

Regarding accessibility, it is observed that 

access roads are usable but require 

modernization in certain sections, while 

public transport is limited and almost 

nonexistent. 

However, these trends require a deeper 

assessment of the efficiency and effective use 

of tourism infrastructure. To complete the 

descriptive assessment of tourism resources 

and infrastructure, a quantitative analysis of 

tourism activity was carried out based on 
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official statistical data. This analysis aims to 

assess the relationship between the 

accommodation capacity, the tourist flows and 

the efficiency of the tourist activity in Sasca 

Montana commune. Although the existing 

accommodation capacity (Fig. 7), expressed 

by the number of places, increased 

significantly from 16,816 in 2010 to over 

48,000 in 2022, the occupancy rate did not 

evolve proportionally, remaining between 

20% and 35% and decreasing to 20.32% in 

2024 (Table 1). 

 
Table 1. Determination of the main tourism activity indicators in Sasca MontanŁ commune (2001ï2024) 

 2001 2005 2010 2015 2020 2021 2022 2023 2024 

Tourist accommodation capacity in operation (place-days) 1,741 1,488 16,816 28,390 20,632 41,678 48,406 43,468 42,884 

Tourist arrivals in tourist reception facilities 27 33 753 2,665 3,103 5,563 4,846 4,850 3,762 

Overnight stays in tourist accommodation facilities 192 136 1,412 7,346 7,219 12,360 11,622 10,580 8,712 

Occupancy rate (%) 11.03 9.14 8.40 25.88 34.99 29.66 24.01 24.34 20.32 

Average length of stay 7.11 4.12 1.88 2.76 2.33 2.22 2.40 2.18 2.32 

Source: Own processing based on [33]. 

 

The average length of stay highlights different 

behavior. After a high value in 2001 (7.11 

days), associated with a very low volume of 

tourist activity, the indicator stabilizes after 

2010 in a relatively narrow interval, between 

1.88 and 2.76 days. Between 2020 and 2024 

the average length of stay remains between 

2.18 and 2.40 days. Overall, the data point to 

a significant increase in accommodation 

capacity and tourism activity after 2010, 

followed by a decrease in tourist flows and 

capacity utilisation in the recent period, while 

maintaining a relatively stable average length 

of stay. 

Following the socio-economic analysis 

conducted at the level of Sasca Montana 

commune, a SWOT analysis is presented 

below (Table 2). 

 
Table 2. SWOT analysis of Sasca Montana commune 
STRENGTHS WEAKNESSES 

- favorable geographical position (SW Romania), in a mountainous area with 

a temperate continental climate with Mediterranean influences; 

- exceptional natural resources, included within the protected area of the Nera 

GorgesïBeusnita National Park; 

- unique biodiversity (gorges, karst lakes, waterfalls, caves, ancient forests); 

- highly valuable tangible and intangible cultural heritage (architecture, 

authentic traditions and customs, local gastronomy, mining vestiges, crafts); 

- positive evolution of accommodation structures, especially agrotourism 

guesthouses and flexible units; 

- recent trend of positive migration after 2020. 

- insufficiently modernized road infrastructure, with degraded 

secondary roads; 

- insufficiently developed tourism infrastructure; 

- lack of modern information centers; 

- pronounced seasonality of tourism activity and a relatively 

low occupancy rate of accommodation capacity; 

- population aging; 

- low level of capitalization of local cultural heritage; 

- limited capacity of the local administration to attract and 

manage sustainable development funds. 

OPPORTUNITIES THREATS 

- possibility of accessing European funds for rural development; 

- increasing demand for rural tourism and agrotourism (including green 

tourism) at national and European levels; 

- digitalization of tourism; 

- promotion of local gastronomy; 

- capitalization of abandoned mining heritage for tourism and cultural 

purposes; 

- increasing interest in remote work in rural areas with high air quality. 

- uncontrolled tourism may degrade protected ecosystems and 

natural resources. 

- population aging may accelerate demographic declineloss of 

traditional heritage; 

- climate change (drought, forest fires); 

- competition from other mountain areas that are more 

accessible and more visible on the tourism market; 

- insufficient private investments. 

Source: Own processing based on the socio-economic analysis conducted. 

 

The SWOT analysis highlights that Sasca 

Montana has exceptional natural resources, 

especially karst landscapes, high biodiversity 

and protected area status, correlated with a 

growing demand for rural tourism and 

agrotourism, which creates a favourable 

context for local development. The expansion 

of accommodation structures, especially 

agrotourism guesthouses after 2020, as well as 

the positive evolution of arrivals and 

overnight stays indicate that there is a real 

market reaction to this potential. 

However, development is limited by 

significant structural weaknesses: poor road 

infrastructure, reduced accessibility, 

underdeveloped tourist services and a lack of 

integrated complementary services. These 

aspects are reflected in the low degree of use 

of accommodation capacity and in the 

accentuated seasonality of tourism activity.In 

the absence of coordinated investments and 

integrated destination management, there is a 

risk of partial exploitation of the existing 

potential. Therefore, sustainable tourism 

development depends on specific 
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interventions that correct structural 

deficiencies and effectively integrate local 

resources.  

Part III ï Results of the interviews with the 

main local actors regarding ñCommunity 

perception of the capitalization of natural and 

cultural resources and their role in the 

sustainable development of Sasca Montana 

communeò, aimed at identifying the main 

strategic directions for its sustainable 

development. In this context, the analysis was 

based on the premise that any sustainable 

local development strategy must take into 

account community perceptions and needs, 

not only natural potential or tourism demand, 

focusing on how the local community 

perceives tourism, what benefits it provides, 

what problems are experienced, how prepared 

the local community is to engage in the 

development of rural tourism and 

agrotourism, and what expectations it has 

from the local administration. 

The results obtained from the interviews with 

the main local actors complement the SWOT 

analysis conducted as part of the 

socioeconomic assessment, highlighting 

perceptions regarding infrastructure, 

administrative capacity and development 

opportunities based on the capitalization of 

natural and cultural resources (Table 3). 

 
Table 3. Summary of the results following the interview with local actors  

Theme Institutional actors Local Stakeholders 

 

Protected Areas 

Representatives 

Tourism operators 

 

A1. Evolution of the 

commune 

Positive but slow development 

with administrative and 

infrastructural limitations 

Slight economic revival, 

insufficient for long-term 

stability 

Increasing the visibility of the 

area and the lack of an 

integrated development 

strategy 

Increasing seasonal tourist 

interest 

A2. The main 

resources of the 

commune 

Valuable natural resources and 

rich cultural heritage 

Nature, geographical 

positioning and high tourist 

potential 

Biodiversity, protected 

ecosystems, karst uniqueness 

Picturesque natural landscapes 

and authentic experiences 

B1. Harnessing natural 

resources 

Partial recovery, insufficiently 

institutionally coordinated 

Limited use, without 

integration into complex 

tourism products 

Resource exploitation limited 

by conservation constraints 

Growing but seasonal 

capitalization 

B2. Valorisation of 

cultural heritage 

Unexploited cultural heritage High potential, but limited 

investment 

Increased interest in 

conservation, but reduced 

financial resources 

Low interest of tourists, 

compared to the existing natural 

resources, due to poor promotion 

C1. The impact of 

tourism on the local 

economy 

Moderate positive impact, 

concentrated in the services 

sector 

Additional but unstable and 

seasonal income 

Reduced economic impact 

compared to conservation 

objectives 

Increase in demand at certain 

times of the year 

C2. Direct benefits for 

the community 

Creation of limited and 

temporary jobs 

Increasing income for a 

small segment of the 

population 

Indirect benefits through 

environmental education 

Increasing visibility of the area 

D1. Obstacles in the 

development of 

tourism 

Poor infrastructure, limited 

financial resources 

Lack of manpower and 

financial support 

Tourist pressure versus 

environmental protection 

Reduced accessibility and lack of 

complementary services 

D2. Problems of local 

initiatives 

Reduced capacity for 

implementation 

Difficulties in accessing EU 

funds, lack of co-financing 

Lack of collaboration with 

economic agents 

Lack of a destination strategy 

E1. Sustainable 

development measures 

Developing an integrated strategy 

and attracting EU funds 

Financial support, training 

and promotion 

Sustainable resource 

management and 

environmental education 

Diversification of tourism 

products and extension of the 

season 

E2. The role of the 

administration and the 

community 

Biunivocal, Administration ï 

strategic coordinator and active 

partner community 

Administration-facilitator, 

community-initiator 

Institutional cooperation and 

local participation 

Public-private partnerships. 

Source: Own processing on the protection of the results obtained at the interview. 

 

The synthesis of the interviews conducted 

with 30 local actors highlights a clear 

consensus on the high natural and cultural 

potential of Sasca Montana commune, along 

with the existence of significant structural 

constraints, such as deficient infrastructure, 

limited administrative capacity and aging 

population. Rural tourism and agrotourism are 

perceived as main factors of future sustainable 

development; However, their current impact 

remains moderate and unevenly distributed, 

which underlines the need for an integrated 

development strategy. 

Based on the SWOT analysis and the 

perceptions of local actors, several strategic 

directions were identified. These include 

improving accessibility and basic tourism 

infrastructure by upgrading roads and 

developing essential facilities for tourists. 

Another priority is to capitalize on the cultural 

heritage by rehabilitating the built fund and 

integrating traditions into the tourist circuit 

through local events, thematic routes and craft 

activities. 

Reducing seasonality and increasing the 

utilization of accommodation capacity 
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requires the diversification of the tourist offer 

throughout the year. It is also essential to 

strengthen administrative capacity to access 

European funds, as well as to support local 

entrepreneurship by integrating guesthouses, 

producers and craftsmen into the tourism 

market. At the same time, socio-demographic 

revitalization can be supported by capitalizing 

on post-pandemic migration trends, and the 

promotion of tourism, especially rural 

tourism, ecotourism and adventure tourism, 

must be based on authentic, experience-

oriented tourism packages to stimulate local 

economic development. 

 

CONCLUSIONS 

 

Sasca Montana commune benefits from 

exceptional natural heritage, supported by the 

presence of numerous karst landscapes, high 

biodiversity, and protected areas, as well as 

valuable cultural heritage, which together 

represent premises that can form the basis for 

sustainable rural development through 

integrated and responsible capitalization, with 

an emphasis on rural tourism and agrotourism. 

The socio-economic analysis conducted in 

this paper highlights structural vulnerabilities 

specific to rural areas in mountainous regions, 

particularly demographic decline, population 

aging, and dependence on low value-added 

economic activities, which further emphasizes 

the need to diversify the local economy. 

The evolution of tourism infrastructure 

indicates a positive trend in accommodation 

structures, especially agrotourism guesthouses 

and flexible forms of accommodation; 

however, the level of utilization remains 

influenced by seasonality and the limited 

availability of integrated complementary 

services. 

The results of the interviews conducted 

confirm the consensus among local actors 

regarding the role of tourism and agrotourism 

as the main drivers of future development, but 

also underline that the current impact is 

moderate and unevenly distributed, being 

constrained by deficient infrastructure, limited 

administrative capacity to absorb European 

funds, and the absence of an integrated 

development strategy. 

The SWOT analysis and the qualitative 

component of the research converge toward 

the general conclusion that the sustainable 

development of the commune requires an 

integrated model that combines environmental 

protection with responsible resource 

capitalization, priority investments in 

accessibility and basic tourism services, as 

well as the conservation and enhancement of 

the particularly valuable natural and cultural 

heritage existing in the area of Sasca Montana 

commune. 

Overall, Sasca Montana commune can 

become a model of sustainable rural 

development based on rural tourism and 

agrotourism, provided that the strategic 

directions are implemented and that there is 

active involvement of the local administration 

and the community, ensuring a balance 

between economic growth and the promotion 

of natural and cultural heritage. 
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Abstract 

 

Based on empirical data regarding yield, temperature, precipitation and economic indicators from a research 

experiment involving the following mixed grasslands: 1. Bird's-foot trefoil (Lotus corniculatus L.); 2. Red clover 

(Trifolium pratense L.); 3. Bird's-foot trefoil (Lotus corniculatus L.) + Red fescue (Festuca rubra L.); 4. Bird's-foot 

trefoil (Lotus corniculatus L.) + Timothy-grass (Phleum pratense L.); 5. Red clover (Trifolium pratense L.) + Red 

fescue (Festuca rubra L.); and 6. Red clover (Trifolium pratense L.) + Timothy-grass (Phleum pratense L.), the 

impact of climatic features on productivity and economic efficiency in forage production has been established. 

During the 2024ï2025 period, the research experiment identified a high correlation between temperature and both 

production costs and gross revenue, as well as a strong relationship between precipitation and the gross profit 

generated from the resulting forage. Based on an analysis of variance (ANOVA), a very significant impact of the 

yearôs conditions on yield was proven, presented through the strength of factor influence. Climate changes are 

presented as decisive factors in determining yield and economic efficiency under different scenarios for cultivating 

forage grasslands. 

 

Key words: analysis of variance (ANOVA), climatic characteristics, correlations, economic indicators, 

                   forage grasslands  

 

INTRODUCTION  
 

Global warming poses a significant challenge 

to agricultural production and serves as a 

compelling argument for the cultivation of 

forage grass species with enhanced 

adaptability and high productive potential 

(Katova, 2023)[8]. Perennial legume and 

grass forage plants intended for artificial 

grasslands determine the yield level and 

forage quality when appropriate component 

ratios are maintained (Peyraud et al., 

2009)[17]. The application of suitable 

agrotechnical practices during the 

establishment and harvesting of grasslands 

influences the cost price and the profitability 

of production. The correct combination of 

species within the grass mixture determines 

the impact of production costs on profits, 

demonstrating that precision agriculture is 

vital for the management of cultivated crops 

(Karbivska et al., 2020)[7]. 

The composition of components within the 

grassland necessitates its alignment with 

ongoing global climate changes. Sowing 

drought-tolerant grass species on terrains with 

insufficient moisture is adversely affected by 

desiccation processes. This, in turn, leads to a 

reduction in yield, profit and the profitability 

of the resulting forage. 

The drastic climate changes in recent years, 

combined with the high ecological plasticity 

of meadow grass species and their cultivars, 

provide a prerequisite for their broader use in 

our country as a forage source for mixed 

cultivation with meadow grasses (Churkova, 

2019)[3]. Introduced cultivars originating 

from different regions are characterized by 

specific biological and morphological 

properties, as well as productivity (Churkova, 

2012)[2]. Bulgaria is an important center of 

origin for genes of many forage crop species 

(Churkova and Lingorski, 2011)[4], and 

specific adaptation, along with purposeful 

utilization, can be key factors determining 

their selection for inclusion in the production 

process of a given farm (Pecetti et al., 

2009)[16]. 

mailto:bchurkova@abv.bg
mailto:bchurkova@abv.bg
mailto:katerina.churkova@abv.bg
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In modern production conditions, the 

successful development of agriculture 

necessitates the creation of technologies based 

on utilizing the potential of perennial forage 

crops. The economic efficiency of forage 

production dictates the recommendation of 

technologies with optimal values for these 

indicators (Konyk and Rudavska, 2016)[10]. 

Sown grasslands with perennial grass species 

are significant for ensuring the sustainable 

development of ecosystems and providing a 

high ecological impact on the environment 

(Litvinov et al., 2020)[11]. 

The inclusion of legumes in mixed grasslands 

offers opportunities for sustainable livestock 

farming by increasing yield and the nutritional 

value of the forage, while replacing inorganic 

nitrogen fertilizers through symbiotic nitrogen 

fixation (Lüscher et al., 2014)[12]. 

Perennial grass forage plants possess high 

resistance to abiotic and biotic factors, 

ecological stability, and adaptability. They are 

widely distributed in natural meadows and 

pastures, occupying up to 80-90% of the 

grassland.  

The species composition of a given grassland 

determines its economic efficiency. Mixed 

grasslands including legume crops have the 

lowest cost recovery period. The presence of 

legumes in grass mixtures increases 

profitability by 1.4ï2.0 times, while the cost 

per ton of feed units decreases by 1.6ï1.8 

times. Legumes in mixed meadow coenoses 

reduce expenses and the cost price, increasing 

relative net profit and profitability by 2.5ï6.5 

times, and the return on investment by 40ï

120%. This can be attributed to the lower 

costs of nitrogen fertilization, as nitrogen is 

supplied by the plants themselves due to the 

ability of legumes to fix atmospheric nitrogen. 

Bird's-foot trefoil and alfalfa, when included 

in grass mixtures, increase the share of 

relative net income by 83 dollars compared to 

cereal crops (Ates et al., 2017)[1], and price is 

a determining factor for the profitability of 

grassland agrophytocoenoses and influences 

the overall level of expenditures (Pukalo and 

Vyhovskyi, 2015)[18]. 

Climate is a determining factor for yield size, 

and risk management strategies against 

adverse climate changes create additional 

costs. The inextricable link between climate 

change and environmental degradation poses 

a threat to species, reduces biodiversity, and 

leads to ecosystem degradation. This 

necessitates the search for climate regulation 

solutions and ways to improve biodiversity in 

forage production and grassland management. 

The implementation of appropriate practices 

that effectively mitigate both climatic and 

other environmental crises determines rational 

land management. Such a practice in the 

forage production sector is the selection of 

suitable species and cultivar compositions 

with the aim of creating highly productive and 

economically efficient mixed grasslands. 

The recent rise in average global temperatures 

mandates the search for ways to cope with the 

consequences of climate change by applying 

nature-based adaptation measures (Oyesiku-

Blakemore and Dondini, 2022)[15]. Climate 

change affects the physical and chemical 

characteristics of forage as well as digestive 

processes (Moore and Jung, 2001)[13]. The 

correct selection of species within the 

grassland, aligned with the biological 

characteristics of the crops and their 

requirements regarding soil and climate, is 

decisive for the economic efficiency of the 

produced forage (Jung et al., 2020)[6]. 

Yields from artificial grasslands largely 

depend on temperatures and the distribution of 

precipitation. Climatic conditions are 

determining factors for maintaining biological 

balance in nature (Kirilov et al., 2009)[9] and 

the presence of species within grasslands 

(Hopkins and Holz, 2006)[5]. Well-

coordinated agrotechnical measures, 

combined with soil and climatic conditions, 

determine the formation of economically 

efficient and ecologically pure grass forage. 

Karbivska et al. (2020)[7] established that the 

cultivation of perennial legume-grass stands 

without mineral fertilizers in the Carpathian 

region, this results in a net profit ranging from 

11.1 to 21.9 thousand UAH ha ĭ, a 

profitability rate of 151ï210%, and a 

production cost of 1.6ï2.0 thousand UAH per 

ton of feed units. The Energy Exchangeable 

Coefficient (EEC) varies between 2.8 and 3.7 

GJ ha ĭ, while the Coefficient of Energy 

Efficiency (CEE) ranges from 6.4 to 8.5 GJ 
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ha ĭ, with energy inputs per ton of feed units 

amounting to 3.1ï4.3 GJ. The cultivation of 

bird's-foot trefoil in mixed stands with 

meadow grasses ensures the highest levels of 

economic and energy efficiency. 

In this regard, there is a pressing issue related 

to finding ways to satisfy animal needs 

through the production of economically 

efficient and high-quality forage, in 

accordance with existing climate change 

trends. 

The aim of this study is to determine the 

impact of climate change on yield and 

economic indicators in the production of 

forage from pure and mixed grass species. 
 

MATERIALS AND METHODS  

 

The experiment was carried out at the 

experimental field of the Research Institute of 

Mountain Stockbreeding and Agriculture ï 

Troyan. A randomized block design was 

applied with three replications, and the 

harvest plot area was 5 m². The following 

grassland variants were studied: 1. Bird's -foot 

trefoil (Lotus corniculatus L.); 2. Red clover 

(Trifolium pratense L.); 3. Bird's-foot trefoil 

(Lotus corniculatus L.) + Red fescue (Festuca 

rubra L.); 4. Bird's-foot trefoil (Lotus 

corniculatus L.) + Timothy-grass (Phleum 

pratense L.); 5. Red clover (Trifolium 

pratense L.) + Red fescue (Festuca rubra L.); 

6. Red clover (Trifolium pratense L.) + 

Timothy-grass (Phleum pratense L.). 

Fertilization was adjusted according to the 

species composition, cultivation conditions, 

and the intended use of the mixtures. 

Phosphorus and potassium fertilizers were 

incorporated during the main soil cultivation 

at a rate of 10 kg active ingredient per decare 

(da), whereas nitrogen fertilizer was applied at 

a rate of 8 kg active ingredient per decare. 

The technology for establishing the grassland 

areas included: plowing, double disking, 

cultivating, sowing, rolling, and harvesting. 

All manual and mechanized activities were 

detailed in technological maps for each 

variant, and economic indicators were 

calculated based on the resulting yield. From 

the data obtained, an economic evaluation was 

performed, including the following indicators: 

production costs (BGN/da), cost price 

(BGN/kg), gross revenue and gross profit 

(BGN/da). The prices of the seeds, materials, 

fuel, and consumables used are presented in 

BGN at market rates for the year of the study. 

Statistical analysis of experimental data 

includes: correlation analysis; analysis of 

variance (ANOVA); multiple comparison of 

means using the least significant differences. 

The following software products were used 

for this purpose: Analysis Toolpak for 

Microsoft Excel 2010, Statgraphics Plus v.2.1, 

and STATSOFT Statistics for Windows 10. 

 

RESULTS AND DISCUSSIONS 

 

In the first year of the experiment (Table 1), 

the yield obtained from the pure stand of 

bird's-foot trefoil, as well as from the tested 

mixtures including bird's-foot trefoil, 

exceeded those recorded for red clover grown 

both as a monoculture and in combination 

with timothy grass. Only the red clover + red 

fescue mixture (830.9 kg/da) produced yields 

comparable to those of bird's-foot trefoil + red 

fescue and bird's-foot trefoil + timothy grass, 

which reached 842.5 kg/da and 821.8 kg/da, 

respectively. The lowest yield was observed 

in the red clover + timothy grass mixture 

(635.263 kg/da), while the highest was 

achieved by the two-component mixture of 

bird's-foot trefoil + red fescue. 

 
Table 1. Dry mass yield by years and average for the period 2024ï2025 (kg/da) 

Variants 2024 2025 Average for the period 

1. Bird's-foot trefoil 677.9 1,123.4 900.6 

2. Red clover 661.1 1,204.2 932.6 

3. Bird's-foot trefoil + Red fescue 842.5 1,244.7 1,043.6 

4. Bird's-foot trefoil + Timothy-grass 821.8 1,229.9 1,025.9 

5. Red clover + Red fescue 830.9 1,274.9 1,052.9 

6. Red clover + Timothy-grass 635.3 1,379.6 1,007.4 

Source: Own calculations. 
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In the second year of observation of the 

experiment, dry matter yield ranged from 

1,123.4 kg/da in the pure stand of bird's-foot 

trefoil to 1,379.6 kg/da in the red clover + 

timothy grass mixture. The obtained results 

clearly indicate that all grassland mixture 

variants surpassed the yield levels recorded 

for the pure stands (Var. 1 ï bird's-foot trefoil 

and Var. 2 ï red clover). This proves that 

mixed grasslands are more resistant and more 

productive. The red clover + timothy-grass 

mixture registered the highest value, followed 

by the combination of red clover + red fescue 

(1,274.9 kg/da). 

On average over the study period, the pure 

stand of bird's-foot trefoil recorded the lowest 

yield (900.6 kg/da), whereas the red clover + 

red fescue mixture proved to be the most 

productive (1,052.9 kg/da).  

The territory where the experiment was 

conducted is characterized by significant 

climate diversity, determined by the influence 

of the Stara Planina Mountain (Bulgaria) and 

the physico-geographical conditions of the 

region. Intense daytime overheating and 

nighttime cooling, which are prerequisites for 

the formation of late-spring and early-autumn 

frosts, adversely affect the development of the 

grass cover, while the cool summer is 

attributed to the Osam River. 

Meteorological conditions play a crucial role 

in plant growth and development, as well as in 

determining the yield and quality of grassland 

forage. A favorable combination of 

temperature and precipitation during the 

phenological phases is a prerequisite for high 

and stable yields, which is reflected in the 

resulting productivity. 

The selection of species in mixed grasslands 

depends on the adaptation and resistance of 

the species and their cultivars to temperatures 

with large amplitude differences. Forage 

plants germinate at 2ï3°C, with the optimal 

temperature for their development being 18ï

20°C. Their regrowth in spring begins at a 

temperature of 3ï5°C, and the tillering of 

grasses occurs 10ï15 days after regrowth. 

In the year of sowing (2024), the initial 

development of the plants began at a 

temperature of 9.3°C (Figure 1), while during 

the second year, the values of this indicator 

were 10.3°C (2025). 

 

 
Fig. 1. Monthly and average temperature (°C) during the growing season (MarchïOctober) 

Source: Own design and results. 

 

Regarding the average values of the indicator 

during the growing season (MarchïOctober), 

the air temperature in the first year was 

higher, at 17.65°C, compared to 16.37°C in 

the second year. 

The soil moisture reserve determines the 

development of perennial grasses. Droughts 

are a common phenomenon in the region and 

influence the phenophases of the individual 

development of the crops in the mixed 

grasslands. Low soil moisture is a prerequisite 
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for a decrease in the productivity and quality 

of the resulting forage. The total annual 

precipitation in the first year was higher, 

amounting to 537.8 mm, compared to the 

second year (2025), when the average annual 

precipitation reached 461.6 mm (Figure 2). 

The year 2025 is characterized as drier, with 

the annual sum of precipitation being lower 

by 76.2 mm compared to the average of the 

previous year. The precipitation sum during 

the period of active plant vegetation (March - 

April) was significantly lower in the second 

year: 38.0 mm in March and 63.8 mm in 

April, with an average for the period of 461.6 

mm. This decrease in precipitation values 

delayed the start of the grass vegetation. The 

significantly lower levels of precipitation in 

June (18.4 mm), July (36.2 mm), and August 

(19.2 mm) of the second experimental year 

were the reason for the inability to form a 

second regrowth, which affected the annual 

yield of the grasslands. 

 

 
Fig. 2. Monthly and annual precipitation sum (mm) during the growing season (MarchïOctober) 

Source: Own design and results. 

 
Table 2. Analysis of variance of the influence of year conditions on dry mass yield from forage grasslands 

ANOVA  

Source of 

Variation 
SS df MS F P-value F crit 

Strength of 

influence ɖ 

Year 6.636017 1 6.636017 0.062169 0.826369702 18.51282051 92.84397 

Conditions 

of the 

years x 

yield 

2855.866 2 1427.933 13.37752 0.069553008 19 

 

Error 213.4824 2 106.7412     

Total 3075.985 5      

Source: Own calculations. 

 

The analysis of variance regarding the 

factorial influence on dry mass yield in pure 

and mixed grasslands is presented in Table 2. 

The results of the analysis show values with a 

high degree of significance for the variants of 

the regrowths, the years, the composition of 

the grassland, and their mutual influence, 

which confirms the established significant 

differences in productivity between the 

studied pure and mixed grasslands of the 

tested legume and grass forage species. 

The conducted analysis of variance indicates 

that year conditions have the strongest effect 

on yield, followed by their interaction. 

The influence of the year is proven at all 

levels of significance for the studied 

indicators, with the greatest effect being on 

the yield, whose impact amounts to 
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92.84397% of the total variation of the 

factors. The significant influence of the "year 

conditions" factor on the yield, which is one 

of the most important traits in the production 

of high yield and quality forage, is also 

confirmed by other authors (Muhova et al., 

2023)[14]. The effect of these two factors is 

statistically significant. 

Regarding forage yield, the interaction year 

conditions × yield has the largest relative 

share in the variance of the trait (92.84397%). 

The composition of the grassland accounts for 

19% of its variation. The degree of influence 

of the trait interaction of year conditions × 

yield, assessed through ɖ (strength of 

influence of factors), proves the significant 

influence of year conditions on the yield. In 

this regard, the interaction of the two factors 

is an important condition for manifesting 

productivity stability when the grassland 

components are correctly combined according 

to their adaptability under specific soil and 

climatic conditions. 

 
Table 3. Correlation dependencies between yield, climatic conditions, and economic indicators 

 
Yield Temperature Precipitation 

Production 

costs 
Cost price 

Gross 

revenue 

Gross 

profit  

Yield 1       

Temperature 0.7851 1      

Precipitation 0.1682 -0.4039 1     

Production 

costs 

0.5564 0.8699 -0.4504 1    

Cost price 0.2520 0.6460 -0.5267 0.9293 1   

Gross 

revenue 

1.0000 0.7850 0.1682 0.5564 0.2520 1  

Gross profit 0.7339 0.2229 0.5682 -0.1560 -0.4604 0.7339 1 

Source: Own calculations. 

 

Determining the relationships between 

grassland productivity, climatic conditions, 

and economic indicators is of essential 

importance for the proper structu 

ring of the production process in a given farm. 

The study of correlations provides an 

opportunity for the correct selection of species 

in mixed grasslands, on which the yield and 

the level of economic indicators depend. 

Since quantitative characteristics usually 

determine the economic results of forage from 

sown grasses, it is important to achieve an 

optimal balance between productivity and 

economic efficiency in forage production. 

The correlations between yield and 

temperature show a strong positive 

relationship for these indicators (r = 0.7851) 

(Table 3). Among the climatic indicators, 

temperature showed a higher dependence than 

precipitation on yield formation. This is 

explained by the high drought resistance and 

good adaptive capacity of the sown forage 

species, as well as their rate of growth and 

development. Precipitation also showed a 

positive but very weak dependence (r = 

0.1682) on yield. 

The differences in the strength of the 

relationship regarding yield are likely due to 

the variable response of the species and their 

varieties to fluctuations in temperature, the 

amount of monthly precipitation, and its 

distribution during the formation of regrowths 

throughout the years of the experimental 

period. 

Dry matter yield shows the strongest positive 

correlation with gross revenue (r = 1) and 

gross profit (r = 0.7339). Their statistical 

correlation coefficients of these analyzed 

dependencies show that the correlation 

between the indicators is very strong.  

The value of the correlation coefficient 

between production costs and yield is 

relatively high, r = 0.5564. The cost price of 

production is in a very weak positive 

correlation with yield (r = 0.2520). 

Production costs are in a high positive 

correlation with temperature (r = 0.8699). 

This is explained by the volume of the yield, 

which in turn depends on production costs and 

temperature values. There is also a relatively 

good correlation between the gross revenues 

and temperature (r = 0.7850). Cost price is 
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also in a positive relationship with 

temperature (r = 0.6460). 

The data analysis indicates that temperature 

affects production costs, feed cost price, and 

gross revenue, confirming the relationship 

between climatic conditions and the economic 

efficiency of forage obtained from both pure 

and mixed grasslands. 

A very strong dependence was observed 

between cost price and production costs (r = 

0.9293). However, the resulting relatively 

high positive correlation between gross profit 

and precipitation (r = 0.5682) defines the 

relationship between the economic indicator 

and the influence of soil moisture availability. 

Precipitation is also in a positive but proven 

weaker relationship with revenue (r = 0.1682). 

The level of profit and revenue also shows a 

high interconnection, represented by the 

correlation coefficient r = 0.7339. 

The data analysis demonstrates the 

dependence of yield on gross revenue and 

temperature. Among the economic indicators, 

production costs, gross revenue and the cost 

price of production are in high correlation and 

depend on temperature, while gross profit is 

determined by the quantitative distribution of 

precipitation. 

 

CONCLUSIONS 

 
Climate changes are of critical importance for 

the cultivation of grasslands under specific 

environmental conditions. Depending on the 

morphological characteristics of the cultivated 

grass species and their requirements regarding 

temperature and precipitation, variants of 

expected average yields can be predicted. The 

results of the study indicate an increased 

influence of temperature on the yield of pure 

and mixed grasslands. The high positive 

correlation of temperature with the production 

costs and gross revenue of the obtained 

forage, represented by high correlation 

coefficients, allows for the forecasting of 

future yields through regression equations. 

The interconnection between gross profit and 

gross revenue with precipitation also proves 

the significance of climate change both for 

yield formation and the economic efficiency 

of the produced forage.  

The high factor influence estimated by the 

analysis of variance (ANOVA) confirms the 

significant effect of year conditions on yield. 

The results of the ANOVA and correlation 

analyses highlight the importance of the 

relationship between climatic conditions and 

forage crop yields. Predicted average yields 

can be used to estimate the required land area 

and forage quantity, thereby allowing the 

anticipation of production costs and expected 

outcomes. This provides a basis for selecting 

appropriate technological solutions for 

establishing highly productive and 

economically efficient grass forage systems 

under changing climatic conditions. 
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Abstract 

 

During the period 2021-2023, a scientific research experiment with bird's-foot trefoil (Lotus corniculatus L.) was 

conducted at the experimental field of the RIMSA-Troyan with the following fertilization options: Blago 5 ï 300 

ml/da; Blago 5 ï 600 ml/da; Fertileader Axis ï 500 ml/da and Fertileader Axis ï 1000 ml/da. Through statistical 

analysis of economic indicators and the energy nutritional value of the forage, correlation dependencies were 

presented and regression equations were derived. The proposed agrotechnical practice of fertilizing with 

biofertilizers proved a high positive correlation between gross revenue and gross profit (r=0.99743), as well as 

between feed units for milk and exchangeable energy (r=0.99008); feed units for growth and exchangeable energy 

(r=0.98580); feed units for growth and feed units for milk (r=0.99366). In this context, graphical regression models 

between indicators with the highest coefficient of determination, expressed through regression equations, were 

presented and analyzed. The established positive correlation between gross energy and production costs and cost 

price proves the practical importance of organic fertilization and emphasizes the role of these indicators in 

determining productivity, quality and economic efficiency in the production of legume fodder. 

 

Key words: Lotus corniculatus L., correlation and regression relationships, economic indicators, nutritional value 

 

INTRODUCTION  
 

Bird's-foot trefoil (Lotus corniculatus L.) is a 

perennial forage legume crop (Sun et al., 

2014) [19] with excellent adaptability to 

different soil and climatic conditions (Uzun et 

al., 2016) [23], high productivity and 

nutritional value (Mountousis et al., 2008) 

[15] of the forage. Grown in semi-

mountainous and mountainous conditions, it 

produces a high dry matter yield combined 

with high forage quality (Churkova, 2010) 

[5]. 

Feeding farm animals requires the 

development of cost-effective strategies 

related to forage yield and quality (Khanal et 

al., 2010) [12]. Animal feed costs account for 

a large part of total variable costs, which 

determines their proper management, thereby 

affecting the profitability and sustainability of 

animal production (Finneran et al., 2010) [10]. 

Legumes and bird's-foot trefoil as leguminous 

forage crops are a key element of meadow and 

pasture ecosystems, on which the quality of 

forage depends. With their inclusion in hay 

and pasture, the content of crude protein, 

minerals, vitamins, neutral detergent fiber, 

and in vitro dry matter digestibility increases, 

and animal productivity increases accordingly 

(Phelan et al., 2015) [17]. 

The inclusion of protein crops in grasslands 

improves the species diversity of the 

mountain ecosystem, the even distribution of 

forage and contributes to its high quality 

(Annicchiarico, 2008) [1]. 

The development of a more favorable 

economic environment linked to the 

development of technologies suitable for 

specific soil and climate conditions 

determines the conduct of adaptive research 

with the aim of increasing animal production. 

This depends on economic policies and the 

availability of greater investment in 

facilitating institutions, marketing systems, 

and infrastructure that provide the necessary 

services to support technological changes in 

crop and livestock production (Kiryanov and 

Mikhaylov, 2012; Stelmakh et al., 2021) [13; 

18]. In a market economy, competition 

requires the application of new technological 
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solutions that lead to increased productivity, 

reduced costs, and greater profitability and 

efficiency in production. In this regard, much 

of the scientific research is related to the 

search for opportunities to increase the yield 

of green and dry matter in a number of forage 

legumes that are important for our country. To 

this end, various agrotechnical measures are 

applied, related to balanced fertilization and 

treatment with foliar fertilizers (Ventroni et 

al., 2010; Churkova, 2012) [6; 24]. 

Recently, the use of biofertilizers has become 

widespread in agriculture, providing more 

protein, increasing digestibility and nutritional 

value of forage (Klimas and Balezentiene, 

2010; Churkova, 2013) [7; 14]. 

A key criterion for the modern assessment of 

grass biomass quality is the precise 

determination of its energy nutritional value, 

defined by feed units for milk and growth 

(Todorov, 2010) [21]. 

Sustainable forage production depends on the 

agricultural practices and integrated 

approaches used in the cultivation of meadow 

grasses in order to ensure high-quality forage 

with high economic value. 

The aim of the study is to perform statistical 

processing of the data, which determines the 

relationship between the economic indicators 

obtained and the indicators characterizing the 

energy nutritional value in the production of 

forage from bird's-foot trefoil after applied 

biofertilizing. 

 

MATERIALS AND METHODS  

 

During a scientific experiment carried out 

from 2021 to 2023 at the experimental field of 

the Research Institute of Mountain 

Stockbreeding and Agriculture in Troyan, the 

forage nutritional value and key economic 

indicators were evaluated for the bird's-foot 

trefoil (Lotus corniculatus L.), variety 

ñTargovishte 1.ò. Basic agronomic practices 

were applied, including fertilization with the 

biofertilizers Blago 5 in doses of 300 ml/da 

and 600 ml/da, and Fertileader Axis in doses 

of 300 ml/da and 600 ml/da. The scientific 

research experiment was conducted using the 

block method in four repetitions with a 

harvest plot size of 5 m2. The bird's-foot 

trefoil was established at a seeding rate of 

0.12 kg ha ĭ. The fertilizer was administered 

using a sprayer at a dose of 6 ml at the onset 

of the budding phase of the crop. The 

grassland was harvested at the early flowering 

stage of the cultivated species.  

Blago 5 organic fertilizer contains nitrogen 

(N) 2.18%, phosphorus (P2O5) 10.3%, total 

potassium (K2O) 17%, magnesium (MgO) 

0.5%, manganese (Mn) 0.5%, zinc (Zn) 

0.58%, copper (Cu) 1.0%, boron (B) 0.5%, 

molybdenum (Mo) 0.08%, cobalt (Co) 0.13%, 

humic and fulvic acids not less than 2%, 

organic lake sapropel substance >/ = 67%, pH 

6.5 ï 7.5. 

Fertileader Axis is a systemic product with the 

following chemical composition: nitrogen 

content - 3%; phosphorus 18%; zinc - 5.7%; 

manganese - 2.5%. 

The principal economic indicators were 

estimated based on developed technological 

maps averaged over the study period, 

encompassing all technical operations 

associated with the establishment, 

management, and harvesting of the grassland. 

These indicators were derived on the basis of 

dry matter yield. The calculated economic 

indicators on which the correlation 

dependencies and regression equations are 

based are: production costs, cost price, gross 

revenue, gross profit and profitability 

(Churkova and Churkova, 2024) [8]. 

The nutritional value of the forage was 

obtained according to the Bulgarian system 

for feed units for milk (FUM) and feed units 

for growth (FUG) and calculated on the basis 

of equations specified by Todorov et al. 

(2010) [22]. The in vitro enzyme digestibility 

of dry matter (%) was determined according 

to the method of Aufrere (1982) [2] using a 

two-stage pepsin-cellulose method (Churkova 

and Churkova, 2025) [9]. 

The conclusions and results of the correlation 

analysis are used to solve specific problems in 

agriculture. It allows correlation relationships 

to be studied in parallel with the results 

achieved in external cases. In practice, 

correlation and regression analysis are often 

used together. They make it possible to 

determine and assess the strength of the 

relationship between a given variable and one 
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or more other variables that determine it 

(Ivanov, 2011) [11]. 

In the agricultural sector, the correlations 

between occurrences are multi-factorial, with 

each occurrence depending on a multitude of 

factors, causes, and conditions. For this 

reason, the multiple linear regression 

technique can be used. Each regression 

coefficient shows by how many units the 

result (impact) changes (+/-) when the i-th 

factor changes (+/-) by the same unit 

(Todorov, 2004) [20]. Of particular 

importance in the application of regression 

analysis is the size of the sample. The method 

is applicable only when the phenomena under 

study are represented by strong scales 

(interval or relative), i.e., the studied 

characteristics are measured. 

 

RESULTS AND DISCUSSIONS 

 

Correlation Dependencies 

Correlation analysis shows very different 

values between economic indicators and the 

nutritional value of bird's-foot trefoil feed 

after applied biofertilization (Table 1). It is 

evident that a significantly higher correlation 

was observed among the economic indicators 

compared to the indicators characterizing the 

relationship between economic metrics and 

those determining the nutritional value of the 

forage. Gross revenue is in the strongest 

positive correlation with total yield (r = 

0.99742) and gross profit (r = 0.99743). Cost 

price has a high positive correlation with the 

values of production costs (r = 0.97937). This 

result indicates that the cost price of feed 

production is influenced by the level of 

production expenses. 

 
Table 1. Correlations between key economic indicators and the nutritional value of bird's-foot trefoil forage 

following biofertilization 
 Total 

yield 

Producti-

on costs 
Cost price 

Gross 

revenue 

Gross 

profit 

Profitabi

lity 
GE EE FUM FUG 

VDM

D 

Total yield 
1           

Producti-

on costs 

-0.13976 1          

Cost price 
-0.33585 0.97937 1         

Gross 

revenue 

0.99742 -0.21033 -0.40248 1        

Gross 

profit  

1 -0.13979 -0.33587 0.99743 1       

Profitabili -

ty 

0.31270 -0.98226 -0.99629 0.37966 0.31272 1      

GE 
0.34586 0.60888 0.523025 0.29599 0.34584 -0.4803 1     

EE 
-0.71617 -0.42229 -0.24651 -0.67753 -0.71616 0.30414 -0.29485 1    

FUM 
-0.67070 -0.53674 -0.36621 -0.62419 -0.67068 0.41714 -0.40229 0.99008 1   

FUG 
-0.74334 -0.48557 -0.30442 -0.69944 -0.74332 0.35054 -0.44993 0.98580 0.99366 1  

VDMD  
0.41931 0.40659 0.28499 0.38626 0.41929 -0.3618 -0.05833 -0.90309 -0.87591 -0.82833 1 

Source: Own calculations. 

 

A strong negative correlation was registered 

between exchangeable energy and: yield (r = -

0.71617), production costs (r = -0.42229); 

cost price (r =-0.24651); gross income (r =-

0.67753) and gross profit (r = -0.71616), 

which indicates that exchangeable energy has 

a weaker impact on economic indicators. An 

average positive correlation was established 

between exchangeable energy and 

profitability (r = 0.30414), which confirms the 

importance of fertilization and the 

interrelationship of these indicators in 

achieving economic efficiency combined with 

quality feed production. 

The analysis of the statistical correlation 

coefficients of production costs shows that 

they are in a very strong negative correlation 

with profitability (r = -0.98226). The same 

trend was observed for the unit cost indicator, 

which shows a strong negative correlation 

with profitability (r = -0.99629). Total yield 

and gross revenue have a high 

interconnection, expressed through a 

correlation coefficient value of r = 0.99742. 

The high correlation between gross revenue 
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and gross profit (0.99743) demonstrates a 

strong dependency between these two 

indicators. 

The significant correlation between feed units 

for growth and feed units for milk (r = 

0.99366) proved the good relationship 

between these two indicators determining the 

nutritional value of forage. Feed units for milk 

and feed units for growth are highly correlated 

with exchangeable energy, with correlation 

coefficients of r = 0.99008 and r = 0.98580, 

respectively. 

A positive correlation with average interaction 

between economic indicators and nutritional 

value was observed only between gross 

energy and production costs, expressed by a 

correlation coefficient of r = 0.6088, and 

between gross energy and cost price, 

expressed by a correlation coefficient of r = 

0.523025. This proves that the energy 

nutritional value determines the amount of 

production costs and the cost price of the 

obtained feed production depending on the 

applied agrotechnical measure of fertilization. 

In this case, fertilization is in accordance with 

environmental standards, due to imported 

organic fertilizers. A significantly better 

manifested average positive correlation was 

observed between gross energy and: yield (r = 

0.34586), gross profit (r = 0.34584), and a 

weak one between gross energy and gross 

income (r = 0.29599). Feed units for milk and 

growth are also in an average positive 

correlation with the profitability (r = 0.41714 

and r = 0.35054) of the produced feed. 

These dependencies are of practical 

importance and emphasize the role of 

indicators determining energy nutritional 

value and yield in the formation of economic 

indicators and provide guidelines for the 

application of organic fertilizers in feed 

production. 

The results reported by Boczar and 

BğaŨeyczyk-Majka (2024) [3], showing that 

combined economic and energy efficiency is 

positively associated with both economic 

efficiency (r = 0.610) and energy efficiency (r 

= 0.870), suggest that the dual-efficiency 

model provides a balanced representation of 

farmersô economic interests and regional 

energy security, and are consistent with our 

findings. The analysis of economic factors is 

crucial for achieving production goals 

(Moutinho et al., 2018) [16]. After economic 

efficiency, the quality of feed, represented by 

energy efficiency, is of essential importance 

for agricultural producers (Carlier et al., 2011) 

[4]. The introduction of appropriate 

agronomic practices, such as fertilization, 

leads to improved profitability in growing 

different crops on individual farms. The 

analysis of economic and energy efficiency 

data reveals the relationship between the two 

types of efficiency. The results indicate that 

the application of the biofertilizers Blago 5 

and Fertileader Axis had a beneficial effect, 

resulting in positive economic and energy 

efficiency outcomes. This demonstrates that 

the applied technological approach leads to a 

reduction in production costs and feed cost 

price, due to the positive relationship between 

gross energy and these two economic 

indicators. Fertilization with the tested 

biofertilizers at the applied rates proved to be 

an effective agrotechnical practice for the 

cultivation of bird's-foot trefoil. 

Based on the developed technological map, 

which includes all agrotechnical practices for 

feed production, the structure of production 

costs was analyzed, and it was established that 

imported biofertilizers are the key factors 

influencing feed productivity. Both economic 

and energy efficiency were improved as a 

result of the applied fertilization inputs. The 

type of fertilizers and their doses increase 

yields and affect productivity in different 

ways and from there on the quality of the feed 

and economic efficiency. 

The calculated correlation dependencies were 

able to prove that fertilization determines the 

change in the values of economic indicators 

and nutritional value of feed, as well as the 

dependencies between them. The high 

correlation coefficients between the economic 

indicators themselves and those reflected 

between the nutritional value indicators make 

it possible to conditionally determine the 

relationship between gross revenue and gross 

profit, as well as feed units for growth and 

milk with exchangeable energy, which 

provides a basis for deriving regression 

equations. 
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Fig. 1. Regression and regression equation between exchangeable energy and feed units for milk in the production 

of birdôs-foot trefoil forage after biofertilization with Blago 5 and Fertileader Axis 

Source: Own design and results. 

 

Exchangeable energy is in a good correlation 

dependency with the feed units for milk (r = 

0.99008), which confirms the strong 

interconnection between them. The theoretical 

regression line and the regression dependency 

equation (Figure 1) between these two 

indicators are presented by the equation y = 

0.1163x ï 0.2009 with a very high coefficient 

of determination R2 = 0.9803. 

 

 
Fig. 2. Regression and regression equation between exchangeable energy and feed units for growth in forage 

production from bird's-foot trefoil after biofertilization with Blago 5 and Fertileader Axis 

Source: Own design and results. 

 

The high coefficient of determination between 

exchangeable energy and feed units for 

growth determines the theoretical regression 

line and the equation of regression 

dependence between these two indicators. 

They are presented in Figure 2 by the equation 

y = 0.1519x ï 0.5678 and a very high 

coefficient of determination R2 = 0.9718. 
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Fig. 3. Regression and regression equation between feed units for milk and feed units for growth in forage 

production from bird's-foot trefoil after biofertilization with Blago 5 and Fertileader Axis 

Source: Own design and results. 

 

The high correlation allows us to derive the 

regression equation y = 1.3033x - 0.3034 with 

a coefficient of determination R2 = 0.9874, 

presented in Figure 3, expressing the very 

strong dependence between feed units for 

milk and feed units for growth. 

 

 
Fig. 4. Regression and regression equation between gross revenue and gross profit in the production of forage from 

bird's-foot trefoil after biofertilization with Blago 5 and Fertileader Axis 

Source: Own design and results. 

 

Figure 4 shows the regression equation y = 

0.9439x + 107.54 with a coefficient of 

determination R2 = 0.9949 after establishing a 

high correlation between gross revenue and 

gross profit after applying Blago 5 and 

Fertileader Axis biofertilizers to a single crop 

of bird's-foot trefoil. 

The highest degree of influence due to 

fertilization is exerted by the interrelationship 

between gross revenue and gross profit after 

the highest correlation and regression 

dependence between these two indicators was 

established. This is a good prerequisite for the 

preliminary determination of gross profit, 

depending on the gross revenue obtained, 

represented by the above equation. 

Exchangeable energy makes it possible to 

predetermine the main indicators of 

nutritional value ï feed units for milk and 

growth, which are essential for proving the 

energy nutritional value of forage. 

 

CONCLUSIONS 

 

The introduction of Blago 5 and Fertileader 

Axis biofertilizers on a self-seeded grassland 
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from bird's-foot trefoil determined a high 

positive correlation between gross revenue 

and gross profit (r = 0.99743), as well as 

between feed units for milk and exchangeable 

energy (r= 0.99008); feed units for growth 

and exchangeable energy (r = 0.98580); feed 

units for growth and feed units for milk (r = 

0.99366). 

The correlation analysis proves that in order 

to improve the economic efficiency of feed 

production, it is necessary to apply an 

agrotechnical measure - fertilization, which 

increases the gross energy of the feed, and is 

in an average positive correlation with the 

production costs and the cost price of the feed 

sold. 

From the presented and analyzed graphical 

regression models with the highest coefficient 

of determination (R2 = 0.9949), the correlation 

between gross revenue and gross profit stood 

out, for which the equation y = 0.9439x + 

107.54 was derived. 

The obtained data may be used to predict 

gross profit based on revenue generated 

following the application of biological 

products in the production of bird's-foot 

trefoil forage. This provides a basis for their 

practical implementation. The derived 

correlation relationships and regression 

equations identify fertilization as an important 

agrotechnical practice in forage production 

from an economic perspective, in combination 

with high energy nutritional value. 
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Abstract 

 

Efficient cultivation of eggplants (Solanum melongena L.) is gaining renewed importance within sustainable 

farming strategies, as rising demand forces producers to manage land, water and labor with a degree of precision 

that earlier systems seldom required. Given the cropôs thermophilic character, its performance depends strongly on 

the establishment method either open-field planting or cultivation in unheated solar tunnels, an agronomic choice 

that carries implications for both productivity and longer-term resource sustainability. Between 2019 and 2021, at 

the ñV. Adamachiò Experimental Station, wore examined two hybrids, Mirval F1 and Black Pearl F1, grown under 

two systems. Transplanted seedlings were maintained with relatively uniform irrigation and fertilization regimes, 

allowing the analyze of the factors that shape yield formation and resource-use efficiency, even though minor 

seasonal variations still occured in practice. The comparative results indicated a consistent advantage for the 

protected environment: yields increased by approximately 50ï70% relative to open-field production, largely due to 

a higher fruit load per plant and, to a smaller extent, slightly greater fruit mass. The hybrids displayed distinct 

adaptive patterns as well. Mirval F1 reached commercial maturity earlier and set more fruits per plant, whereas 

Black Pearl F1 produced larger fruits and expressed its yield potential most fully under the moderated microclimate 

of the tunnel structure. 

 

Key words: eggplant (Solanum melongena L.), high tunnel cultivation, open-field production, yield components,     

 

INTRODUCTION  

 

Eggplant (Solanum melongena L.) has 

gradually assumed a prominent role among 

vegetable species, not only because of its 

nutritional profile and the concentration of 

antioxidant compounds it contains, but also 

due to the way it seems to integrate into 

culinary traditions [9], [20], [16], [14]. 

Currently, the eggplant crop occupies roughly 

1.8 million hectares worldwide, from the 

milder Mediterranean zones to humid tropical 

regions, and even in places that challenge the 

species beyond its comfortable thermal limits 

[15]. 

Over the past few decades, a steady shift 

toward protected cultivation has become 

visible [10]. A growing number of producers 

rely on solar houses or other controlled 

structures, and eggplant now ranks, according 

to Rasouli, among the top greenhouse-grown 

vegetables, fourth place, although the exact 

position tends to fluctuate depending on the 

dataset consulted, while this movement 

appears linked to the cropôs marked sensitivity 

to stabilized, moderated environments [19]. 

Unheated greenhouses and simple plastic 

tunnels enable growers to extend the season 

beyond what open fields usually permit, while 

also adjusting the microclimate in ways 

outdoor systems simply cannot [18]. These 

advantages have become more salient as 

weather patterns show an increasingly erratic 

behaviour from one year to the next, pushing 

agriculture toward forms of ñsustainable 

intensificationò that are not always easy to 

implement [2]. Even under careful 

management, certain seasons still behave out 

of step with expectations. 

Despite these benefits, a significant number of 

farmers continue to rely on open-field 

production, partly due to familiarity and partly 

because the upfront costs remain far lower [8]. 

This method demands fewer technological 

inputs, yet exposes the crop to abrupt 

temperature declines, uneven rainfall, and a 

range of pest pressures. Each of these factors 

may curtail, at times quite severely, the level 
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of productivity that eggplant can achieve 

when grown under more buffered conditions. 

Selecting an appropriate cultivation system 

has become a rather persistent challenge in 

sustainable agriculture, as producers must 

attain high yields while avoiding the gradual 

depletion of the resources on which the 

system relies [13]. In temperate continental 

regions, the northeastern part of Romania 

offers a familiar example, summers generally 

supply adequate heat, yet the frost-free period 

remains unexpectedly short. This compressed 

window limits the growth trajectory of 

thermophilic crops such as eggplant when 

they are placed directly into open soil. 

Protected structures, by contrast, generate a 

buffered microclimate, something akin to a 

moderated shell around the plants, which 

permits transplanting slightly earlier and 

allows the harvest period to extend beyond 

what the field usually tolerates [6]. Such 

environments also shield the crop from 

unpredictable rainfall events or sudden wind 

bursts that leave field-grown plants partly bent 

or stressed. Under these more stable 

conditions, vegetative growth tends to 

accelerate and yields increase, whereas open-

field plots remain exposed to abrupt abiotic 

shifts and to continuous insect or disease 

pressure that may, at times, cut deeply into 

productivity. 

Recent research reinforces the advantages of 

protected systems. Shaik et al. (2023) showed 

that organic eggplants cultivated in tunnel 

greenhouses produced roughly 84% more than 

those in the open field, largely due to 

improved fruit set and a modest increase in 

average fruit mass [17]. Resource use can also 

be reduced; water illustrates this particularly 

well. In semi-arid environments such as 

Egypt, studies have shown that greenhouse-

grown eggplants required nearly 90% less 

irrigation than their field counterparts, while 

net profit increased by more than 80%, even if 

seasonal costs did not remain fully constant, 

as so often happens [6]. 

Taken together, these observations indicate 

that protected cultivation offers considerable 

potential for improving both economic 

outputs and resource efficiency, especially in 

areas where open-field production is 

repeatedly pressured by climatic instability. 

Although the advantages of protected 

cultivation are frequently mentioned in the 

literature, the way eggplant actually performs 

in these structures, especially when set against 

open-field systems, remains only partly 

clarified, more so under Romaniaôs rather 

specific climatic constraints and with the 

newer hybrids that have come into use in the 

past few years. In several cases the available 

evidence is either fragmentary or, too narrow 

to show how these cultivars react under the 

two contrasting environments. The national 

and international literature offers relatively 

little multi-year evidence capable of 

quantifying, with some precision, the 

differences in yield or quality between the two 

establishment methods, and even less when 

economic sustainability is brought into the 

discussion. 

It is recognised, for example, that excessive 

heat inside greenhouses may suppress 

production if ventilation is not managed 

adequately, and the lack of natural pollinators 

can weaken fruit set [1]. One study even 

reported that a highly controlled greenhouse 

produced unexpectedly smaller yields than 

adjacent field plots because pollination 

dropped off and light penetration inside the 

structure was poorer than anticipated [4]. 

These observations raise an unresolved issue: 

to what extent the theoretical advantage of 

protected cultivation can be translated into 

real, field-level gains once its limitations are 

acknowledged, and how differently eggplant 

hybrids reacts to what are, essentially, two 

contrasting environments. 

The present study aimed to clarify this 

ambiguity by examining eggplant grown 

under two establishment systems, a solar 

tunnel and the open field under conditions 

kept as uniform as the site realistically 

allowed. Attention was directed to total yield, 

key yield components (fruit number per plant, 

average fruit weight, timing of first fruit set), 

and several practical variables with relevance 

for growers, including water-use efficiency 

and the broader economic interpretation of the 

crop. The hybrids selected, Mirval F1 and 

Black Pearl F1, are part of a more recent 

cohort of high-performance genetic lines. 
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Both are marketed for protected and outdoor 

cultivation, though their profiles differ: Mirval 

F1 is generally classified as very early and 

relatively stable across environments [5], 

whereas Black Pearl F1 is usually 

recommended for open-field production [7], 

producing medium-to-large fruits with a 

teardrop shape and a high degree of 

uniformity, even if its performance shifts a bit 

from year to year. 

Given these circumstances, it was reasonable 

to anticipate differing responses. It was 

assumed that the moderated microclimate of 

the solar tunnel would increase yields in both 

hybrids, perhaps more strongly in Black Pearl 

F1, known for its vigour and capacity to 

exploit longer, steadier growing windows. 

Mirval F1, owing to its early maturity, was 

expected to use the shorter outdoor season 

more effectively. Accordingly, Mirval F1 was 

hypothesised to initiate fruiting earlier and to 

form more fruits overall, whereas Black Pearl 

F1 would likely express heavier individual 

fruits. 

To verify these assumptions, a three-year 

factorial experiment was implemented, with 

close monitoring in both environments and 

identical technological practices, so the 

influence of each factor could be objectively 

identified. The study therefore provides 

locally generated evidence, still relatively 

scarce in the region regarding comparative 

performance in greenhouse and open-field 

eggplant systems. 

Such findings contribute to decision-making 

for growers and, eventually, for policy actors, 

by clarifying which strategies align best with 

local conditions. Improvements in production 

efficiency and a more deliberate use of natural 

resources have the potential to reinforce long-

term resilience, even if, as field practice often 

shows, seasonal behaviour does not remain 

perfectly consistent. 

 

MATERIALS AND METHODS  

 

The research was carried out from 2019 to 

2021 in the vegetable trial fields of the ñV. 

Adamachiò Research and Student Training 

Station, IaἨi, Romania. The area is 

characterised by a temperate-continental 

climate; summers tend to be warm, with July 

means around 21ï22°C, although a fair 

number of days rise well above 30°C. Rainfall 

occurs irregularly and, rather often, at 

moments that complicate open-field 

management, influencing crop performance 

more than producers usually care to admit 

[11]. Each experimental cycle began in early 

spring and continued into autumn, with 

harvests collected through summer and the 

early part of autumn. The same design was 

implemented during 2019, 2020 and 2021, 

allowing the datasets to remain comparable 

and, at least in principle to provide more 

dependable trends, even if small seasonal 

shifts did appear from one year to the next. 

 
Table 1. Overview of the experimental framework 

Factor Practical meaning 
Examples from the 

study 

Cultivation 

method 

Compares crop 

performance in a 

protected environment 

and in open field 

Solar greenhouse 

setting, conventional 

field plots 

Hybrid used 

Two modern hybrids 

assessed for their 

contrasting traits 

Mirval F1, Black Pearl 

F1 

Seedling 

production 

Seedlings grown in trays 

with sterile substrate 

under controlled 

temperature 

Transplanting 

performed once plants 

had 5 to 6 true leaves 

Planting 

calendar 

Transplant dates adapted 

to climatic risks in each 

system 

Greenhouse: mid to late 

April; Field: early May 

Phenological 

advantage in 

greenhouse 

Plants start growing 

earlier under protection 

than outdoors 

Roughly a three week 

advance in early 

development 

Mirval F1 

traits 

Very early type, good 

adaptability and stable 

yield potential 

Earlier fruit initiation, 

higher fruit number 

Black Pearl 

F1 traits 

Vigorous hybrid 

producing larger fruits, 

performs strongly in 

open field 

Higher fruit mass, more 

robust vegetative 

growth 

Expected 

hybrid 

differences 

Anticipated variability in 

response to 

environmental 

conditions 

Mirval favoured by 

field timing, Black 

Pearl enhanced in 

greenhouse 

Source: authors' elaboration.  

 

For ease of interpretation, the accompanying 

table groups the principal experimental factors 

and indicates how each was applied in 

practice, including brief notes from field 

observations. Organising the information in 

this manner makes the operational differences 

between the two cultivation systems 

somewhat clearer and suggests how the 

hybrids were expected to behave, though 

plants in real plots have a tendency of not 

following plans as neatly as theory would 
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sometimes like. Table 1 summarizes the 

principal elements of the experimental design, 

indicating how each factor was defined and 

applied across the two cultivation systems, 

showing how the hybrids could diverge in 

their behaviour and allowing the yield 

outcomes to be read against the broader 

agronomic tendencies that emerged, even if a 

section of year-to-year drift was, unavoidably, 

still present. 

The greenhouse used in the trial was a 

straightforward, unheated tunnel covered with 

PE film, equipped with manually operated 

side vents, and occupying roughly 250 m². 

This area was sufficient for arranging all 

treatments and replications without forcing 

plants into an unnaturally tight spacing. The 

open-field plots assigned to the unprotected 

variant were situated only a short distance 

away, on the same well-drained cambic 

chernozem, ensuring that soil variability 

would not interfere with comparisons. Soil 

preparation followed the standard routine: 

autumn plowing, disking, and bed formation. 

Inside the tunnel the beds ended up somewhat 

wider, to make slightly better use of the 

protected surface, although planting density 

was kept the same in both systems, at least in 

theory; small deviations do slip in during 

fieldwork. 

Plants were spaced 70 cm between rows and 

40 cm on the row, a configuration equivalent 

to approximately 35,000 plants ha. Each 

experimental plot, corresponding to one A×B 

combination, contained four rows with ten 

plants per row, yielding forty plants over an 

effective surface of a little under 11 m². 

The study employed a two-factor randomized 

block arrangement with three replications. 

Factor A, the cultivation environment could 

not be fully randomized, since each block 

necessarily included one greenhouse section 

and a corresponding open-field section 

positioned nearby. For this reason only the 

hybrid factor was randomized within each 

environment, while the environment itself 

functioned, in practice, as a fixed factor. 

Comparisons between the two systems were 

made across the three experimental years, 

with hybrid treatments replicated inside both 

environments. 

This split-plot-type configuration was shaped 

largely by physical limitations, as greenhouse 

and field microplots cannot be shifted around 

like small pots. Nevertheless, the three-year 

repetition provides the design with strong 

comparability; each season acts as a temporal 

block that, in a way, tightens the reliability of 

the dataset, even if plants doesnôt always 

cooperate perfectly. 

Overall crop management 

Crop management was maintained as closely 

as practicable between the two cultivation 

systems, since the intention was for any 

differences to arise from the experimental 

factors rather than from extra technological 

variability. Prior to planting, the soil received 

well-decomposed farmyard manureðabout 

30 t ha, incorporated in autumn to provide a 

reasonably uniform nutrient background. At 

transplanting, a small starter dose was placed 

directly in each planting hole, roughly 5 g of a 

14-14-14 NPK formulation, a routine measure 

many growers use to help seedlings settle a bit 

quicker. Throughout the vegetation period, 

both systems followed the same top-dressing 

schedule. Ammonium nitrate was applied 

three weeks after transplanting at around 50 

kg ha, followed by two monthly applications 

of a 20-20-20 fertilizer, close to 5 kg ha each 

time. These rates were adjusted in line with 

plant development, although in a few plots the 

timing slipped slightly, as field tasks rarely 

unfold with perfect precision. 

Irrigation relied on drip lines one per row, in 

both the tunnel and the open field, all 

connected to the same water source so that no 

hidden discrepancies would creep in 

unnoticed. Under typical weather conditions 

watering occurred twice weekly; during hotter 

intervals it increased to three times, supplying 

roughly 25ï30 mm per week, with open-field 

adjustments depending on rainfall. The 

greenhouse limited evaporation and saved 

some water, though under our temperate 

conditions the effect was noticeably milder 

than what is often reported for arid regions. 

To reduce water loss and suppress weeds, 

black polyethylene mulch was laid across the 

soil surface in both environments. It also 

maintained slightly higher soil temperatures at 

the beginning of the season, an advantage for 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

167 

eggplant establishment, even if that benefit 

tends to fade as summer progresses and the 

soil warms on its own. 

Disease and pest control 

Disease and pest management was 

approached through a mix of preventive steps 

and direct interventions whenever the 

situation genuinely required it, following the 

general principles of Integrated Pest 

Management [3]. In the open field, the main 

pressure came from insect pests most notably 

the Colorado potato beetle (Leptinotarsa 

decemlineata), which has the habit of 

appearing almost abruptly in certain seasons. 

Populations were kept under control through 

targeted applications of biological products 

such as spinosad and, once the threshold of 

economic damage was passed, a few of the 

newer chemical options, though the use of 

these was held as low as practical. Inside the 

greenhouse the beetle rarely became an issue, 

the structure functioning as a partial barrier, 

but close supervision remained necessary to 

catch early aphid or whitefly outbreaks. 

Yellow sticky traps were used for monitoring, 

and treatments relied mainly on potassium 

soap or neem-based formulations, avoiding 

synthetic substances in the enclosed space 

whenever it was reasonably possible to do so. 

One element that demanded more attention 

was pollination. Outdoors, pollination 

proceeded largely by itself through wind 

movement and insects; although eggplant 

flowers are self-fertile, they respond better 

when receive a mechanical vibration from 

pollinators. In the greenhouse, where natural 

pollinator activity is much more limited, two 

complementary measures were adopted. The 

tunnel was ventilated daily by opening side 

vents and doors during the warmer hours, 

allowing some insects to enter, and 

bumblebee hives (Bombus terrestris) were 

introduced close to the onset of flowering. 

These bumblebees provide the vibrational 

pollination essential for the crop, and 

published work reports yield increases of 

around 20ï25% in protected systems when 

such hives are used [12]. 

Data recording and statistical analysis 

Data were collected throughout the season, 

with observations entered whenever a 

developmental stage appeared, seedlings 

taking hold after transplanting, the onset of 

flowering, the first visible fruit set, and later 

the moment when fruits reached a marketable 

size. A marked difference in earliness 

emerged: plants inside the tunnel began 

flowering roughly 7ï10 days ahead of those in 

the open field. Between the two hybrids, 

Mirval F1 maintained its reputation for very 

early maturity, usually reaching the first 

harvest about 5 days before Black Pearl F1. 

This tendency was seen in both systems, 

although the exact calendar dates drifted 

slightly from one year to another. 

Harvesting was done manually in successive 

rounds, once fruits showed the usual 

indicators of commercial maturity, glossy skin 

and the firmness typical for each hybrid. In 

most seasons the tunnel produced its first 

marketable fruits toward the end of June, 

whereas open-field plants reached their first 

picking only around mid-July, making the 

advantage of the protected environment fairly 

evident. Harvests continued until yields fell to 

negligible levels: in early October inside the 

tunnel, when night temperatures dropped 

below 10°C, and by mid-September outside, 

after the first light frosts stopped growth. 

For each plot was recorded total yield in 

kilograms and converted it to a per-hectare 

basis. Fruit counts were also taken to estimate 

the mean number of fruits per plant. Average 

fruit weight was determined both from the 

ratio of total yield to fruit number and from a 

20-fruit sample weighed at peak harvest, a 

procedure that helped smooth out the usual 

small irregularities in fruit size. Plant height 

was measured at the end of the cycle 

(September); both hybrids remained within 

roughly 70ï90 cm, slightly taller in the tunnel, 

though these differences had no real effect on 

yield. 

 

RESULTS AND DISCUSSIONS 

 

The comparison between the two cultivation 

systems showed marked and fairly consistent 

differences in total yield per hectare across the 

three study years. Plants grown in the solar 

tunnel outperformed those in the open field in 

every season, and this held true for both 
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hybrids without any real exception. When the 

averages were considered together, the 

protected environment produced close to 60% 

higher yields than the outdoor plots, which, 

more or less, aligned with the expectations 

formed at the outset. 

For Mirval F1, mean yield reached roughly 

65.3 t ha in the tunnel, whereas the same 

hybrid produced around 45.1 t ha in open-

field conditions. The contrast was sharper for 

Black Pearl F1, which recorded about 70.4 t 

ha under protection but only 40.2 t ha outside. 

Expressed in relative terms, Black Pearl 

gained nearly 75% over its open-field yield, 

while Mirval showed an increase of about 

45%. The ANOVA confirmed the strong effect 

of the Environment factor (p < 0.001), 

underscoring how a moderated microclimate 

can, quite literally, reshape production levels. 

These patterns echo findings reported 

elsewhere. A study from South Texas 

observed that organic eggplant grown in high 

tunnels achieved an 84% yield increase 

relative to outdoor plants, driven mostly by 

approximately 63% more fruits per plant and 

a smaller rise in average fruit weight of about 

9% [17]. Comparable tendencies were visible 

in our dataset as well, though the specific 

components are examined in the next sections. 

 
Table 2. Yield performance of eggplant hybrids 

Hybrid 
Greenhouse 

yield (t/ha) 

Open-field  

Yield (t/ha) 

Yield increase 

(%) 

Mirval F1 65.3 45.1 45% 

Black Pearl F1 70.4 40.2 75% 

Mean (both 

hybrids) 
67.85 42.65 59% 

Source: Authorsô statistical processing in SPSS (v.20) 

 

The yield figures from the trial indicate the 

advantage of protected cultivation, with both 

hybrids performing better in the tunnel than in 

the open field. The extent of the gain did not 

follow the same pattern for each hybrid. 

Mirval F1 increased from 45.1 t ha outdoors 

to roughly 65.3 t ha under protection, an 

improvement of about 45%. This is already 

considerable, yet Black Pearl F1 responded 

even more strongly: its yield rose from 40.2 t 

ha to nearly 70.4 t ha, translating to roughly 

75% improvement. The comparison suggests 

that Black Pearl depends more heavily on a 

steady microclimate and may cope less well 

with the small but persistent stresses that 

accumulate in open-field settings (Table 1 and 

Fig. 1). 

Taken together, the two hybrids produced 

close to 60% higher yields in the protected 

environment than in the field plots. Similar 

tendencies have been reported elsewhere, 

where greenhouse systems often promote a 

greater fruit set and, in certain seasons, a 

slight increase in fruit size. The fact that this 

difference appeared yearly and for both 

hybrids, despite their distinct growth habit 

supports the idea that controlled structures 

offer a stable, almost dependable advantage 

for eggplant cultivation, even if field 

conditions, as growers know too well, seldom 

behave exactly the same from one year to 

another. 
 

 
Fig. 1. Yield comparison of eggplant hybrids 

Source: Own results. 

 

The figure indicates that both hybrids 

performed better in the greenhouse than in the 

open field. Mirval F1 showed an increase of 

about 45%, whereas Black Pearl F1 displayed 

an even steeper rise, approaching 75%. Such a 

contrast suggests that Mirval does benefit 

from the moderated conditions of the 

protected system, though Black Pearl appears 

to depend more strongly on a stable 

microclimate to express its full yield potential. 

When the two patterns are considered side by 

side, the protected environment consistently 

surpassed the field plots, pointing to the 

capacity of controlled cultivation to raise 

eggplant productivity by a substantial margin, 

even if plant behaviour, as growers know, is 

never entirely smooth from one season to the 

next. 

Number of fruits and average fruit weight 
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A closer examination of the yield components 

revealed distinct differences between the two 

cultivation systems, as well as between the 

hybrids themselves. Plants grown inside the 

greenhouse tended to carry more fruits per 

plant, and those fruits were, on average, 

marginally heavier than the ones obtained 

outdoors. Across years and hybrids, the 

protected environment produced roughly 30% 

more fruits per plant, a tendency that stayed 

surprisingly steady, even if the exact figures 

wandered a little from one season to the next. 

For Mirval F1, the greenhouse conditions 

resulted in about 6.8 fruits/ plant, compared 

with roughly 5.0 in the open field. Black 

Pearl F1 showed the same directional shift 

but with a sharper contrast: around 5.8 fruits 

plant in the tunnel and only 3.8 outdoors. This 

wider difference suggests that the shorter and 

more irregular field season likely restricted 

Black Pearl from forming a higher fruit load. 

Despite these contrasts, Mirval F1 remained 

the hybrid with the higher fruit number in 

both environments. Its advantage, about 1.2 

fruits plant in the tunnel and outdoors alike fit 

its known morphology of short internodes and 

a notably strong fruit-setting ability, although 

in some plots the pattern appeared a bit less 

tidy than the numbers might imply. 

Average fruit weight 

The examination of average fruit weight 

revealed a pattern almost opposite to that 

observed for fruit number. Black Pearl F1 

consistently produced heavier fruits than 

Mirval F1, both in the tunnel and under field 

conditions. In the open field, Black Pearl 

averaged roughly 350 g, whereas Mirval 

remained closer to 280 g, a difference of 

about 25%. Under the steadier conditions of 

the greenhouse, both hybrids increased in 

weight: Black Pearl reached around 400 g, 

while Mirval settled near 320 g. The gap 

between them, usually in the 70ï80 g range, 

stayed surprisingly constant, suggesting a 

strong genetic control over this trait. Black 

Pearl is bred as a large-fruited type, typically 

around 19 × 10 cm with an ovoid or slightly 

teardrop profile, while Mirval produces more 

elongated fruits of roughly 20 cm, most often 

falling in the 250ï300 g interval in repeated 

observations. What emerges quite clearly is 

that the cultivation environment influenced 

fruit number far more than the weight of 

individual fruits. In proportional terms, 

average fruit weight increased by about 14% 

in the greenhouse, roughly 40 g for Mirval 

and about 50 g for Black Pearl. By contrast, 

fruit number rose by nearly 36% in Mirval 

and close to 53% in Black Pearl. This pattern 

indicates that the tunnel enhanced yield 

chiefly by extending the period during which 

plants could set fruits and by buffering late-

season stress, rather than by making 

individual fruits substantially heavier. 

Debates among growers often revolve around 

whether markets prefer many smaller fruits or 

fewer but larger ones; the answer depends on 

local demand. In this case, both systems 

produced sizes well within commercial 

expectations, and the greenhouse increased 

both weight and fruit number which is, from a 

practical standpoint, close to ideal. 

The weight differences between the two 

hybrids mirror their breeding strategies. 

Mirval is selected for early maturity and a 

heavier fruit load, meaning assimilates are 

divided among more growing fruits, 

producing slightly smaller units. Black Pearl, 

in contrast, tends to bear fewer simultaneous 

fruits and reaches its production peak later, 

giving individual fruits more time and more 

resources to develop greater mass. This 

relationship is common across vegetable 

crops: genotypes with high fruit counts 

typically yield smaller fruits, while those with 

moderate fruit numbers often allocate more 

energy to size. From a management 

perspective the two approaches can reach 

similar total yields, though with different 

emphases heavy setters may need occasional 

fruit thinning, whereas large-fruited types 

demand more attentive nutrient supply to limit 

flower drop or alternating growth phases. 

Earliness and harvest dynamics 

Earliness and the general tempo of harvesting 

showed a few distinct tendencies, although 

these traits were not measured with exacting 

precision. Plants grown inside the tunnel 

entered production notably sooner, roughly 

two to three weeks ahead of those in the open 

field, an advance that carries real weight for 

growers, since early-season fruit usually 
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commands higher prices. Mirval F1, owing to 

its quicker maturity, reached its first 

marketable stage toward the end of June in the 

tunnel, at least in 2020 and 2021 when spring 

came somewhat warmer than expected. Black 

Pearl F1 followed only shortly after, with 

initial harvests appearing in the first days of 

July. In the open field the calendar shifted 

backwards: Mirval generally began around 

10ï15 July, while Black Pearl tended to reach 

usable maturity closer to the monthôs end, 

sometimes even a bit beyond, depending on 

the weather swings. 

These contrasts in maturity rate shaped the 

seasonal distribution of yield as well. Mirval 

placed a larger share of its production in the 

early half of the harvest window, whereas 

Black Pearl maintained a steadier output and 

continued fruiting into the later weeks. The 

divergence was especially clear inside the 

greenhouse, where Black Pearl still produced 

reasonably well until late September, while 

Mirval had already shown a decline, most 

likely because it had pushed much of its 

growth and assimilates earlier in the cycle. 

In practical terms, Mirval tended to ñfinishò 

its main period of productivity sooner, 

whereas Black Pearl stretched its output 

across a longer span. The choice between 

them, for most growers, depends on whether 

the premium of very early fruit matters more 

than having a more even and extended 

harvest, a decision that rarely stays the same 

from one farm, or season to another. 

Environmental factors and sustainability 

The higher yields obtained inside the tunnel 

appear closely tied to the set of environmental 

advantages that this type of structure more or 

less provides by itself. Temperature levels 

fluctuate far less avoiding those abrupt cold 

dips or unexpected heat surges that can 

unsettle field crops and humidity stays within 

a band that tends to favour both fruit 

formation and vegetative growth. The absence 

of rainfall is not trivial either, as strong drops 

may bruise flowers or trigger short disease 

incidents in outdoor plots. Pest pressure was 

generally lower as well. And although both 

systems relied on drip irrigation and black 

plastic mulch, the protected environment kept 

a steadier hydro-thermal balance around the 

root zone; with less evaporation and, at times, 

the possibility to reuse a portion of drainage 

water, each liter ended up being used 

somewhat more efficiently. 

Evidence from other contexts illustrates the 

magnitude of such effects. For example, Fan 

et al. (2023), conducted a research under 

Egyptian semi-arid conditions, found that 

eggplants grown in greenhouses required 

almost 90% less water than those in open 

fields, while net profit rose by more than 80% 

[6]. The contrasts in our temperate setting are 

not nearly so large, yet the water needed per 

unit of harvested yield was still clearly lower 

inside the tunnel. This came mainly from the 

minimal direct evaporation and the tighter 

control over irrigation scheduling. During dry 

spells, this characteristic became especially 

valuable, allowing the crop to continue with 

rather modest water inputs and helping the 

farm navigate brief periods of scarcity. 

A comparable pattern appeared with 

fertilizers. Nutrient uptake tends to be more 

efficient in protected structures, partly 

because rain cannot wash nutrients away and 

partly because the more even microclimate 

maintains a steadier uptake rhythm across the 

growth cycle, even when open-field 

conditions were, on paper, suitable. 

Economic and quality aspects 

Although the study centred primarily on the 

technical and biological aspects of cultivation, 

the economic implications are difficult to 

avoid, as the yield data repeatedly steers the 

interpretation in that direction. The additional 

production recorded in the tunnel, typically 

15ï25 t/ha above the field plots combined 

with the earlier harvest period, can lead to 

considerably higher earnings for growers. On 

local markets, early eggplants often reach 

prices two or even three times higher than 

those sold in mid-summer, so the first few 

tonnes harvested under protection may 

account for a disproportionately large share of 

a seasonôs revenue. 

Regarding costs, an unheated tunnel built 

from a light metal frame and PE film 

generally recovers its investment within two 

or three years, mainly through the larger 

yields and the premium obtained for early 

fruits. Findings from other regions, such as 
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the work by Fan and colleagues in arid 

climates, describe even sharper increases in 

net profit after switching to protected 

cultivation. In a temperate zone like Romania 

the gain is probably more moderate: 

somewhere near 30ï50%, yet still too 

substantial to be dismissed. A complete 

economic evaluation should also consider the 

recurring expenses. Greenhouses entail extra 

outlays for the structure, ventilation 

components, mulching materials, and in some 

cases added labour related to pollination 

(including the purchase of bumblebee hives). 

Because the present experiment remained 

relatively small, a full cost accounting was not 

prepared; however, it was clear enough that 

the additional labour in the protected system 

was largely balanced, and sometimes 

exceeded, by the earlier and higher yields. 

From the standpoint of quality, no pronounced 

differences in flavour or visible traits emerged 

between the two environments. Even so, fruits 

from the tunnel appeared slightly more 

uniform, with fewer distortions or colour 

irregularities, likely because they were 

sheltered from abrupt weather events and the 

steadier pest pressure of the field. A portion of 

open-field fruits displayed minor scuffing 

caused by wind rubbing them against the 

mulch or neighbouring stems. This was less 

common in Black Pearl F1, whose first fruits 

are naturally positioned a bit higher above the 

soil, a trait that proved unexpectedly practical. 

Fruits from the greenhouse also tended to 

show a glossier surface and a somewhat 

thinner skin, perhaps linked to gentler light 

levels and the absence of sharp humidity 

swings. Such features are usually appreciated 

by consumers, though they are not simple to 

quantify with precision. Nutritional attributes, 

dry matter, soluble sugars, phenolics, were not 

assessed here, but they merit further 

investigation, since subtle shifts in the growth 

environment can alter the phytochemical 

profile of solanaceous crops in ways that are 

not always visible at harvest. 

 

CONCLUSIONS 

 

The comparative assessment of eggplant 

grown in solar-tunnel structures and in open-

field plots, using the hybrids Mirval F1 and 

Black Pearl F1, brought into view several 

aspects relevant for sustainable vegetable 

production. The unheated tunnels created a 

more buffered microclimate, and plants, 

almost predictably, responded with yields 

roughly 50ï70% higher than those obtained 

outdoors. Most of this gain came from the 

increased fruit set, though individual fruits 

tended to weigh slightly more as well. In a 

few instances the presence of even a modest 

tunnel nearly doubled the harvest, which 

shows how strongly these simple 

constructions can alter productivity without 

relying on any advanced climate equipment. 

A second advantage lay in the timing of 

harvest. Plants under protection entered 

production two to three weeks earlier, a 

difference that matters economically because 

early fruit usually commands better prices. 

Toward the end of the season, particularly 

with Black Pearl F1 fruiting continued well 

into late autumn, giving the protected crop 

both the earliest and, more or less, the final 

pickings of the year. 

The hybrids themselves did not respond 

identically. Mirval F1, being a very early type, 

performed reliably even outdoors and 

maintained a stable number of medium-sized 

fruits despite the more erratic conditions. 

Black Pearl F1 expressed its potential far 

more fully in the extended, calmer tunnel 

environment, where it produced larger fruits 

and generally higher yields once the plants 

had enough time to progress through their 

cycle. These contrasts underline the need to 

align hybrid selection with the cultivation 

system, otherwise part of the genetic capacity 

remains, in practice, unused. 

For growers, the results indicate that unheated 

tunnels represent a practical investment in 

temperate climates, increasing productivity 

while softening the impact of weather 

fluctuations. Even simple structures require 

attention, ventilation to prevent overheating 

and ensuring adequate pollination, at times 

with bumblebees, so fruit set does not suffer. 

Techniques such as drip irrigation and 

mulching, applied consistently in this study, 

ought to be seen as standard components 

rather than optional additions. 
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From a wider sustainability perspective, the 

move toward efficient protected systems 

advances ecological and economic aims 

simultaneously. Higher yields per area reduce 

pressure on land, water is used more sparingly 

since direct evaporation is minimal, and 

nutrients remain available instead of being 

washed away by rain. Although tunnels bring 

an initial cost, the steadier and higher returns 

typically balance this investment within a few 

seasons, strengthening longer-term resilience 

on the farm. 

Stripped of the smaller details, the central 

point is that choosing the cultivation 

environment is not merely a technical 

adjustment but a strategic decision. A basic 

solar tunnel paired with a hybrid that fits its 

growth rhythm can lift production 

considerably without imposing notable 

ecological burdens. Further economic analysis 

or work on nutritional traits would refine the 

picture, though the core finding remains firm: 

protected cultivation offers a distinct 

advantage when managed according to the 

cropôs requirements. 
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Abstract 

 

This study examined potato yield performance in the eastern part of Romania's Central Development Region, where 

climate change significantly affects agriculture. Potato yield data were obtained from the National Institute of 

Statistics, while air temperature and precipitation records came from the National Meteorological Administration 

for 1991ï2020. Results demonstrated that monthly average temperature and precipitation during the growing 

season strongly influenced potato yield per hectare. Yields fluctuated from a low of 8,692 kg/ha in 1991 to a high of 

27,072 kg/ha in 2017. Given the variability in thermal and hydrological resources, farmers should adapt potato 

cultivation practices to local climate conditions by implementing resilient varieties, precision irrigation systems, 

and sustainable soil management practices.  

 

Key words: air temperature, precipitation, potato, yields, Central Romania Development Region of Romania. 

 

INTRODUCTION  

  

The potato is a staple food, holding a large 

share in the economy of many countries due 

to its high nutritional value and relatively high 

yield. Originally from the high-altitude 

tropical regions of the Andes in South 

America, its cultivation is widespread across 

the globe, with particular importance in 

temperate climate regions [7]. In Europe, the 

potato as a technical and food crop, became a 

major cultivated plant starting from the 

mid 20th century [9]. Potato cultivation in 

Romania has a long-standing tradition, with 

the earliest references dating back to the 18th 

century in Transylvania [4], currently 

representing a crop of national significance. In 

the current context of climate change, potato 

yields are affected by rising air and soil 

temperatures, but yields can increase if 

irrigated in temperate climates. In addition to 

the climatic context, economic factors, such as 

inadequate farm sizes or long distances to 

markets, affect current crop areas [8]. 

The analysis and evaluation of potato 

behavior in relation to climate, soil, water, 

fertilization and sanitary protection are of 

great importance, because all varieties 

cultivated in unfavorable conditions produce 

yields 40-60% lower than those obtained 

under normal cultivation conditions [14]. The 

purpose of this study is to analyze the impact 

of thermal and water resource variability on 

potato yields for the last climatological 

normal period 1991-2020. This period is used 

as a standard basis for assessing current 
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climate conditions [18]. The analysis is 

carried out for the eastern part of the Central 

Development Region of Romania, 

administratively represented by the counties 

of Brasov, Covasna and Harghita, considered 

a highly favorable to favorable area for potato 

cultivation (Map 1). 

 

 
Map 1. The location of the study area (the territory 

highlighted in white ï Brasov, Covasna and Harghita 

Counties) and of the meteorological stations analyzed. 

Source: own processing from GIS open sources. 

 

The study area is characterized by the intra- 

and extra-mountain depressions of the 

Romanian Carpathians and by the hilly area of 

the Transylvanian Hill Depression. Also, the 

soils are well aerated with a balanced thermal 

and hydrological regime. The correct 

exploitation of ecological conditions is an 

efficient way to achieve profitable production 

and save material and energy resources [14].  

 

MATERIALS AND METHODS  

 

The study of the variability of agricultural 

yields for potato cultivation was based on the 

average values of production obtained per 

hectare, provided by the National Institute of 

Statistics (NIS), for the period 1991-2020. 

The analysis was correlated with the 

agroclimatic particularities specific to the 

study area. To assess the variability and 

identify the changes in the thermal and 

pluviometric regime, data sets from two 

meteorological stations (MS) under the 

coordination of the National Meteorological 

Administration (NMA) were used. 

These stations were selected due to their 

geographical positioning in the study area and 

the altitude of the meteorological platforms, 

thus being considered representative (Map 1). 

The climate data used in the study include 

monthly average values of air temperature 

(°C), surface soil temperature (°C) and 

precipitation (mm), for the period 1991-2020. 

Agricultural and climate data were processed 

using statistical-mathematical methods and 

digital mapping techniques. 

 

RESULTS AND DISCUSSIONS 

 

Potatoes exhibit a strong ecological plasticity, 

but prefer a temperate and humid climate. 

Potato varieties are extra-early, early, mid-

early, mid-late and late, with growing periods 

between 90 and over 130 days [11]. The 

analysis was carried out for potato crops 

regardless of varieties, so the growing period 

was considered to be the monthly interval 

from April to October [15]. 

Potato yields 

Europe currently accounts for a quarter of 

global potato production, which is declining 

due to the constant reduction in cultivated 

areas, while yields have increased modestly 

[16]. Romania is a medium producer in the 

European Union [6] with a high potential, but 

dependent on the import of certified planting 

material. The study area, represented by 

Brasov, Covasna and Harghita counties, 

constitutes an area of strong tradition in potato 

cultivation, with high average yields per 

hectare due to the favorable climate and a 

better technological level compared to other 

regions in the country. Potato yields for the 

analyzed period are shown in Figures 1 and 2 

both for the entire study region and for the 

counties that make up the region. The average 

production per hectare for the entire analyzed 

period was 17,451 kg/ha with higher or lower 

yield values over the years. The lowest 

average yields per hectare were recorded in 

the years: 1991 (8,692 kg/ha), 2005 (12,230 

kg/ha) and 2012 (10,065 kg/ha) (Fig. 1). 
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Fig. 1. The average potato yield per hectare (kg/ha) in the 

study area (1991ï2020).  

Source: processed data from NIS, 2025 [12]. 

 

 
Fig. 2. The average potato yield per hectare (kg/ha) in the 

analyzed counties (1991ï2020).  

Source: processed data from NIS, 2025 [12]. 

 

In the last decade of the analyzed period, the 

highest potato yields of 25,614 kg/ha (2014), 

27,072 kg/ha (2017) and 24,737 kg/ha (2018) 

were recorded (Fig. 1). In terms of yields in 

the component counties of the study area, it 

was observed that the highest average 

productions per hectare were recorded either 

in Brasov County or in Covasna County (Fig. 

2). It was also observed that in the years with 

the lowest yields, Covasna County recorded 

higher productions compared to Brasov and 

Harghita Counties (Fig. 2). In the years with 

the highest yields, Brasov County ranked first 

(Fig. 2). Harghita County in most years 

registers average yields per hectare below 

those registered in the other two counties (Fig. 

2). Spatial differences in potato yield result 

from the combined influence of pedoclimatic, 

technological and structural factors. Although 

the entire study area is suitable for potato 

cultivation, local contrasts in temperature and 

precipitation regimes, soil types, and water 

availability generate distinct yield responses. 

Potato requirements for climatic factors 

The potato is considered a plant of temperate 

climates, which differs from the conditions in its 

area of origin. It requires relatively large 

amounts of water, nutrients and pesticides due 

to both its relatively weak and superficial root 

system and its vulnerability to diseases and 

pests [10; 13]. The heat requirement varies 

throughout the growing season, so that the 

average air temperature favorable for the entire 

growing season is 17-20°C. In terms of water 

requirements, the potato is one of the plants that 

requires a continuous supply of water. The 

amount of precipitation of 250-550 mm, over 

the entire growing season, is sufficient provided 

that there are water reserves in the soil at the 

beginning of the growing season. The amount of 

precipitation must be distributed monthly in 

amounts of 90-130 mm for the period May-

August [14]. These monthly amounts of 

precipitation represent another condition for the 

success of potato cultivation.  

The meteograms show the climatic 

characteristics of the study area for the period 

1991-2020 at the two meteorological stations: 

Brasov and Miercurea Ciuc (Fig. 3). 

 
Fig. 3. Metograms of the meteorological stations analyzed 

for the period 1991-2020: Brasov (above) and Miercurea 

Ciuc (below). Note: the brown border highlights the 

growing season of the potato crop. 

Source: processed data according to NMA, 2025. 
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For the analyzed period, it was observed that in 

Brasov M.S. the average monthly air 

temperature, during the potato vegetation 

period, oscillates between 8.6°C in October and 

19.2°C in July (Fig. 3 above).  

The soil surface temperature recorded values 

between 9.8°C (October) and 23.7°C (July), and 

the monthly amount of precipitation records the 

optimal precipitation requirement only for the 

month of June (91.0 mm) (Fig. 3 above). The 

average values of the main climatic factors of 

influence for the potato growing season (April-

October) 1991-2020 in Brasov M.S. are: 14.4°C 

air temperature (below optimal requirement), 

17.5°C surface soil temperature and 476.8 mm 

precipitation (meets optimal requirement). 

For Miercurea Ciuc M.S. the air temperature 

recorded monthly values between 6.3°C 

(October) and 17.5°C (July), the surface soil 

temperature ranged between 8.0°C (October) 

and 21.3°C (July) and the monthly 

precipitation amounts exceeded the optimal 

requirement of 90.0 mm in June for the 

vegetation period from 1991-2020 (Fig. 4 

below). The average values of the entire 

vegetation period (1991-2020) are: 12.5°C air 

temperature (below the optimal requirement), 

15.4°C surface soil temperature and 456.5 

mm precipitation meeting the optimal 

requirement.  The decadal average values 

shown in Table 1 highlight the variability of 

climatic factors from one decade to another, 

which is reflected in the variability of crop 

yields.  

 
Table 1. Decadal average variation of air temperature, 

surface soil temperature and precipitation amounts at the 

meteorological stations analyzed for the period 1991-

2020. 

Climate 

parameter 
Decade 

Brasov 

M.S. 

Miercurea 

Ciuc M.S. 

air 

temperatue 

(°C) 

1990s 7.7 5.5 

2000s 8.2 6.1 

2010s 9.1 6.8 

1991-2020 8.3 6.1 

soil 

temperature 

(°C) 

1990s 9.2 7.4 

2000s 10.3 7.9 

2010s 11.0 8.4 

1991-2020 10.2 7.9 

precipitation 

(mm) 

1990s 593.6 555.5 

2000s 648.9 648.9 

2010s 632.7 582.4 

1991-2020 625.1 595.6 

Source: processed data according to NMA, 2025. 

Over the three decades of the 1991-2020 

period, an increase in both air temperature and 

surface soil temperature is observed at both 

meteorological stations analyzed, each decade 

being warmer than the previous one (Table 1). 

From a pluviometric point of view, the same 

climatic signal is not observed, the last decade 

being with higher amounts than the first 

decade, and the decade 2001-2010 is the 

wettest in the period 1991-2020 (Table 1). 

This decennial regional analysis is in line with 

what is happening at the national scale [3]. 

Against the background of this variability and 

climate change, there are oscillations in crop 

yields ranging from 8,692 kg/ha (1991), 

representing 50% of the average production 

for the entire period analyzed, to 27,072 kg/ha 

(2017), representing 155% of the average 

production of 17,451 kg/ha (1991-2020). 

These potato productions are the result of the 

variability of the main thermal and 

pluviometric parameters of each year and their 

analysis is a mandatory condition for efficient 

crop management [5]. The year 1991 was an 

extremely rainy year [2], and excess water, 

similarly to drought, has negative effects on 

both plant growth and the level and quality of 

potato production [14]. The year 2017, from a 

climatic point of view, was a warm and rainy 

year [1]. The study area is characterized 

climatically by colder winters and milder and 

rainier summers, but in dry years irrigation is 

needed. Potato is much more sensitive to 

water stress than most field crops in Romania, 

so the possibility of irrigation is particularly 

important. 

In Romania, depending on the potato variety, 

yields of 15,000-25,000 kg/ha are recorded for 

mid-early varieties, and for mid-late and late 

varieties yields of 25,000-50,000 kg/ha [11] 

when optimal requirements for climatic factors 

are met. In the study area, a water deficit of 

about 160-260 mm is recorded in some years, 

which limits potato production. It was found 

that for every 10 mm of water deficit achieved 

during the potato growing season, production 

decreases on average by 500-700 kg/ha for the 

study area [17]. 

 

CONCLUSIONS 
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Climate variability and climate change in 

recent decades are reflected in the variability 

of potato yields, especially in areas with a 

temperate continental climate, such as the 

study area. Potatoes have good plasticity, but 

are very sensitive to deviations from the 

optimal temperature and precipitation regime. 

The increase in air temperature and soil 

temperature at the surface, the variability of 

precipitation without a clear trend of increase 

or decrease are climatic signals for reducing 

potato yields. The eastern part of the Central 

Romania Development Region is part of the 

highly favorable and favorable area for potato 

cultivation in Romania, and the component 

counties of Brasov, Covasna and Harghita are 

among the top five growing counties. This 

favorability is given by the climatic 

characteristics of the area where air 

temperatures are moderate, without exceeding 

25°C and with average temperatures during 

the vegetation period of 18-20°C. Annual 

precipitation amounts usually exceed 650 mm, 

being well distributed across vegetation 

phases, with a monthly minimum between 80-

100 mm for the months of June, July and 

August. However, there are years when this 

thermal and pluviometric optimum is not 

reached and irrigation is necessary to 

compensate for the water deficit and moderate 

the soil temperature. 

From the perspective of adaptation, climate 

variability and climate change require the 

reconfiguration of technology such as 

choosing varieties more tolerant to thermal 

and water stress, punctual irrigation, soil 

protection, etc. to reduce climatic pressure. In 

the absence of these measures, climatic 

variability turns into increased variability in 

yields and, implicitly, into economic volatility 

for potato cultivation.     
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Abstract 

 

The article analyzes the energy transition as a highly important process for the Republic of Moldova, one that 

directly influences the development of agriculture, a sector essential for the countryôs economy and food security. 

The paper examines how changes in the energy sector, such as the wider use of renewable energy sources, improved 

energy efficiency, and reduced dependence on imported energy, affect the competitiveness, productivity, and 

resilience of agriculture in the face of crises. The analysis is based on statistical data for the period 2015ï2025, 

drawn from national and international sources, including the National Bureau of Statistics of the Republic of 

Moldova and Eurostat. Descriptive and comparative analytical methods are used to highlight the main effects of the 

energy transition on the agricultural sector. The article focuses on several important areas: energy costs for 

agricultural producers, modernization of rural infrastructure, electrification of agricultural processes, and the 

introduction of green technologies into the agri-food chain. It also highlights the role of public policies, investments 

in locally based renewable energy sources, and financial support mechanisms that can help farmers transition more 

easily to sustainable practices. In essence, the analysis shows that the energy transition is not only a response to 

climate and geopolitical challenges, but also a factor that can fundamentally transform agriculture. The main 

conclusion is that this transition has a dual effect: in the short term, it can lead to higher costs and greater pressure 

on farmers, but in the medium and long term, it can help increase the competitiveness and resilience of the 

agricultural sector, provided that well-targeted investments are made and new technologies are adopted more 

rapidly in practice. 

 

Key  words: energy transition, sustainable development, agri-food sector, renewable energy, economic resilience. 

 

INTRODUCTION  
 

The Republic of Moldova is undergoing a 

broad process of energy transition, in line with 

global trends toward decarbonization and the 

expansion of renewable energy sources. This 

transition involves, on the one hand, reducing 

greenhouse gas emissions and promoting 

green energy, and on the other hand, ensuring 

energy security at affordable costs. Over the 

past decade (2015ï2025), the energy 

transition has gained particular relevance for 

Moldova, a country traditionally dependent on 

fossil fuel imports, which account for 

approximately 80% of total energy 

consumption, primarily supplied by the 

Russian Federation. 

Agriculture, a sector that contributes around 

7ï10% to national GDP and accounts for 

approximately 45% of total exports 

(Gandrabura, 2025) [11], is directly affected 

by developments in the energy sector through 

fuel, electricity and fertilizer prices. In 

addition, it is indirectly influenced by 

decarbonization policies that increasingly 

target sustainable agricultural practices. 

The period 2015ï2025 was marked by 

significant increases in energy prices, 

especially in its second half, culminating in 

the regional energy crisis triggered by the 

conflict in Ukraine in 2022. The energy crisis 

exposed Moldovaôs structural vulnerabilities, 

including its high dependence on imported 

energy, limited diversification of supply and 

weak resilience of key economic sectors. 

These systemic weaknesses were highlighted 

by policy analyses emphasizing the socio-

economic impact of the crisis and the urgent 

need for energy system reform (IoniἪŁ, 2025) 

[13]. Moldova, already vulnerable due to its 

high level of energy dependence, experienced 

a sharp increase in electricity and natural gas 
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prices during 2022ï2023 (CNED, 2025) [4]. 

These developments generated cascading 

effects on agricultural production costs, as the 

sector relies heavily on energy inputs for 

mechanization such as diesel fuel for 

machinery and electricity for irrigation and 

storage facilities as well as on energy-

intensive inputs, including nitrogen-based 

fertilizers whose production depends on 

natural gas. 

As a result, energy price shocks exerted 

substantial pressure on farmers through rising 

expenditures on fuel, electricity and 

agricultural inputs. These challenges were 

further intensified by additional adverse 

factors, including severe droughts during 

2020ï2022 and disruptions in supply chains, 

which together amplified the vulnerability of 

the agricultural sector (Agerpres.ro, 2022) [1]. 

At the same time, the decarbonization 

commitments undertaken by the Republic of 

Moldova and European countries such as 

reducing greenhouse gas emissions by 70% 

compared to 1990 levels by 2030 and 

achieving climate neutrality by 2050 have 

increasingly shaped national policy 

frameworks. Moldovaôs decarbonization 

objectives are anchored in its Updated 

Nationally Determined Contribution (NDC), 

which frames climate action across all 

economic sectors, including agriculture 

(Ministry of Environment of the Republic of 

Moldova, 2020) [17]. These commitments are 

reflected in updated energy strategies aimed at 

increasing the share of renewable energy in 

total energy consumption, with a target of 

30% renewable energy by 2030, as well as in 

the implementation of energy efficiency 

measures across all sectors, including 

agriculture. 

Sustainable agriculture has consequently 

become a strategic priority, supported by 

initiatives that promote the use of biomass 

energy through the valorization of agricultural 

residues, the installation of solar panels and 

biogas facilities on farms, and the adoption of 

climate-smart agricultural practices [25]. 

These measures are designed to reduce both 

dependence on fossil energy sources and the 

carbon footprint of the agricultural sector, 

while simultaneously enhancing long-term 

resilience and environmental sustainability. 

In this context, the present article aims to 

analyze the impact of the energy transition on 

agriculture in the Republic of Moldova, 

focusing on the period 2015ï2025 and 

developing possible projections and 

implications up to 2035.  

The analysis addresses four main dimensions: 

(a) the evolution of energy prices and their 

effects on agricultural production costs; (b) 

the structural adaptation of agriculture in 

terms of productivity and investment under 

the pressure of rising energy prices and 

decarbonization policies; (c) the extent to 

which renewable energy sources and energy 

efficiency measures are being adopted within 

the agricultural sector; and (d) a comparative 

perspective, with particular emphasis on 

Romania, in order to contextualize Moldovaôs 

developments within the regional landscape. 

The results integrate official statistical data, 

relevant economic formulas such as 

elasticities, and energy intensity indices and 

analytical models, supported by graphs and 

tables presenting key indicators from the 

agricultural and energy sectors. This 

integrated approach provides a rigorous and 

comprehensive assessment of the phenomena 

under investigation. 

 

MATERIALS AND METHODS  

 

The study is based on a combination of 

secondary statistical data and comparative 

quantitative analysis methods. Time series 

data covering the period 2015ï2025 were 

collected from governmental sources and 

international databases, including the National 

Bureau of Statistics of the Republic of 

Moldova (NBS) [21] such as the national 

energy balance and annual agricultural 

indicators, as well as reports issued by 

relevant ministries, namely the Ministry of 

Energy and the Ministry of Agriculture and 

Food Industry. 

In addition, data from Eurostat and 

FAOSTAT  [9, 10] were used to support 

international comparisons regarding 

agricultural production, energy consumption 

in agriculture and productivity indicators. 
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Information from the International Energy 

Agency (IEA) [15] and the International 

Renewable Energy Agency (IRENA) [16] was 

also incorporated, particularly with respect to 

decarbonization targets and energy transition 

objectives. 

Furthermore, recent reports and analytical 

studies published between 2022 and 2025 by 

research organizations and think tanks 

including the Energy Policy Group, the 

OECD and the World Bank were employed to 

calibrate specific parameters, such as priceï

consumption elasticities, and to incorporate 

projections and scenarios related to future 

developments. 

The methodology consists of the following 

components: 

- Descriptive trend analysis ï temporal 

developments in prices for different forms of 

energy (electricity, natural gas and fuels) and 

key agricultural indicators (physical output, 

yields and production costs) were examined 

over the period 2015ï2025, with the aim 

ofidentifying major changes and critical 

turning points;  

- Structural and comparative analysis ï 

energy intensity in agriculture was assessed, 

defined as the amount of energy consumed 

per unit of agricultural value added, and 

compared both across economic sectors and 

with selected countries in the region, with 

particular emphasis on Romania. In addition, 

energy productivity measured as the value 

added generated per unit of energy used was 

analyzed as an aggregate indicator of 

economic efficiency. For example, energy 

intensity (EI) can be formally defined as the 

ratio between the energy usedand the gross 

domestic product generated. Energy intensity 

(EI) is formally defined as the ratio between 

energy consumption and GDP, expressed in 

megajoules per 1,000 USD:  

 

ὉὍ
 

  ............................(1) 

 

A decline in this indicator reflects improved 

energy efficiency, whereas an increase 

indicates a higher degree of energy 

dependence in order to generate the same 

level of output (NBS, 2023) [21]. 

A simplified economic modeling approach 

was employed, using elasticity-based 

formulas to quantify the sensitivity of demand 

to variations in energy prices. The price 

elasticity of demand, generally is defined as: 

 

‭
Ϸ

Ϸ
...........................................(2) 

 

It was drawn from the relevant literature in 

order to estimate the impact of energy price 

increases on consumption in sectors such as 

agriculture. 

The relatively low absolute value of this 

elasticity (below 1) reflects limited 

substitution possibilities, as consumers 

including farms are unable to significantly 

reduce energy consumption in the short term, 

even when prices increase, due to the absence 

of viable alternatives (OECD, 2018) [23]. 

Projections toward the year 2035 were 

developed using a qualitative approach, based 

on scenarios derived from official strategic 

documents, such as the Energy Strategy 2050 

of the Republic of Moldova, the Nationally 

Determined Contribution (NDC 3.0) under the 

Paris Agreement [8], and the Integrated 

National Energy and Climate Plan 2025ï2030 

[14]. Although no advanced econometric 

simulations were conducted within this 

framework, the analysis relies on relationships 

identified during the observed period and on 

prevailing policy directions in order to 

extrapolate trends and to identify structural 

challenges and opportunities for agriculture 

over the 2030ï2035 horizon. 

The methodology combines the examination 

of empirical data with relevant economic 

formulas and simplified modeling approaches, 

allowing for a rigorous interpretation of 

phenomena at the energyïagriculture nexus. 

The following section presents the results 

obtained and the associated discussion, 

structured around key themes: the impact of 

rising energy prices, the adaptation of the 

agricultural sector to the energy transition 

particularly in terms of productivity and cost 

dynamics investment and innovation 

processes, including the adoption of 

renewable energy in agriculture, and an 

international comparative perspective. 
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RESULTS AND DISCUSSIONS 

 

In recent years, energy price increases in the 

Republic of Moldova have generated 

immediate effects on agricultural production 

costs. Natural gas prices essential both for 

electricity generation and for the production 

of chemical fertilizersðrose sharply during 

2021ï2022 amid the regional energy crisis. 

As a result, electricity tariffs for consumers, 

including farms connected to the grid, were 

increased by approximately 44ï49% in 2022 

(NAER, 2022) [20]. 

In practice, Moldova was forced to purchase 

energy at significantly higher prices on the 

regional market, costs that were partially 

transferred to end-user tariffs despite the 

temporary compensation mechanisms applied 

during the state of emergency. Fuel prices 

followed a similar trajectory: diesel prices, 

which are critical for agricultural operations, 

increased on average by more than 20% in 

2022 compared to the previous year 

(Agerpres.ro, 2022) [1]. 

Overall, agriculture was subject to substantial 

additional cost pressures, given its strong 

dependence on diesel fuel for ploughing, 

sowing, harvesting and transportðand on 

electricity for irrigation, silo ventilation and 

primary processing of agricultural output. 

 

 
Fig. 1. Relationship between energy prices and total 

agricultural output 

Source: elaborated by the authors based on data from 

the National Bureau of Statistics of the Republic of 

Moldova and Invest Moldova [21]. 

 

Figure 1 shows that when energy prices 

decline, agricultural output tends to increase, 

whereas rising energy costs are associated 

with a contraction in production. 

Although the relationship is not perfectly 

linear, the overall trend highlights the strong 

dependence of agricultural performance on 

energy costs. 

A particularly illustrative example is the sharp 

increase in mineral fertilizer prices, which 

was closely linked to the surge in natural gas 

prices. The dramatic increase in fertilizer 

prices and the continuous revision of price 

forecasts during 2022 confirm the high 

exposure of Moldovan agriculture to energy 

market shocks (Crivoi, 2022) [6]. Nitrogen-

based fertilizers, such as urea and ammonium 

nitrate, which rely on ammonia produced 

from natural gas, experienced price increases 

of four to five times during the winter of 

2021ï2022 (Mold-Street.com, 2022) [19]. 

(Fig. 2).  

Consequently, in 2022 the Republic of 

Moldova recorded the highest fertilizer prices 

observed over the past decades. 

This extreme price volatility demonstrates 

how strongly energy shocks can affect the 

agricultural sector. Faced with prohibitively 

high costs, many farmers reduced fertilizer 

application rates, thereby increasing the risk 

of lower yields. 
 

 
Fig. 2. Imports of mineral fertilizers 

Source: elaborated by the authors based on data from 

Moldova in Progress (2025) [18]. 

 

By contrast, the decline in fertilizer prices 

during 2024ï2025 allowed producers to 

resume input procurement, enabling a partial 

recovery of output without a proportional 
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collapse in crop production (Moldova in 

Progress, 2025) [18]. 

The phenomenon was felt at the regional 

level. In Romania, the cost of nitrogen-based 

fertilizers increased more than fourfold, from 

approximately 900 lei per ton in 2020 to over 

4,000 lei per ton in 2021, driven by the 

European gas crisis. At the same time, natural 

gas prices increased by around 40%, 

electricity prices by approximately 19%, and 

diesel prices by about 21%, values 

comparable in magnitude to those observed in 

the Republic of Moldova. These similar 

figures confirm that the energy shock was 

regional and global in nature rather than 

purely local, and that farmers in both 

countries faced the same challenge of sharply 

rising input costs. 

The major difference lay in the capacity to 

respond. As a member of the European Union, 

Romania benefited from support packages and 

financial instruments, including the National 

Strategic Plan 2023ï2027, aimed at mitigating 

the impact of the crisis. These measures 

included subsidies for agricultural diesel, state 

aid for farmers affected by drought and high 

input prices, and other targeted support 

mechanisms (Agerpres.ro, 2022) [1]. In 

Moldova, the government implemented 

emergency measures such as partial 

compensation for energy tariff increases 

affecting food-sector enterprises and, through 

AIPA, introduced temporary reimbursement 

schemes covering part of the electricity costs 

used in agriculture, for example for irrigation 

or on-farm processing. 

Nevertheless, the financial burden on 

Moldovan farmers remained substantial, with 

many producers forced to resort to credit 

financing or to postpone investments due to 

working capital constraints caused by elevated 

energy bills. 

An indicator of this development is energy 

intensity in agriculture, defined as the amount 

of energy used to produce one unit of 

agricultural value added. According to a 

national energy profile, the energy intensity of 

the agricultural sector in the Republic of 

Moldova increased significantly, by 

approximately 139% in recent years, 

indicating that agriculture has come to 

consume substantially more energy per unit of 

output (Odyssee-Mure.eu, 2025) [22]. In other 

words, the energy cost per unit of agricultural 

value added has risen, either because energy 

prices increased more rapidly than the value 

of agricultural production, or because farmers 

were forced to use larger quantities of energy 

such as additional pumping and irrigation 

during drought years to obtain comparable 

harvests.This phenomenon may signal either a 

decline in efficiency or an adaptation to more 

challenging operating conditions. It should be 

noted, however, that at the macroeconomic 

level the Republic of Moldova has gradually 

improved its overall energy intensity, 

decreasing from approximately 4.4 MJ per 

GDP (1,000 USD) in 2015 to about 2.7 MJ 

per GDP in 2022, indicating that the economy 

as a whole has become more energy efficient 

(NBS, 2023) [21]. The divergence between 

the agricultural sector characterized by a 

rising energy intensity and the national trend 

marked by declining energy intensity 

highlights a sector-specific challenge in 

keeping pace with the energy transition. 

Primary agriculture remains less efficient and 

more vulnerable to price shocks, which 

underscores the need for targeted 

interventions aimed at improving efficiency 

and reducing dependence on conventional 

energy sources. 

Rising energy prices have translated into 

substantially higher import costs for fuels, 

electricity and fertilizers, while 

simultaneously compressing producersô profit 

margins. This erosion of profitability directly 

affects the international competitiveness of 

Moldovan agri-food products, confirming 

earlier findings that efficiency and cost 

structures are decisive determinants of trade 

performance (CoreἪchi, et al., 2014) [5]. 

Farmers tried to adapt in the short term by 

reducing energy consumption wherever 

possible. However, energy demand in 

agriculture is not easy to cut, which shows 

that the possibilities for rapid adaptation are 

limited (OECD, 2018). At the same time, the 

energy transition does not mean only higher 

prices for fossil fuels, but also the need to 

switch to renewable energy sources and more 

sustainable practices, including in the 
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agricultural sector. In recent years, concrete 

examples have also started to appear in the 

Republic of Moldova, showing that 

agriculture is gradually turning toward green 

energy, both to better cope with difficulties 

and to reduce costs. A good example in this 

regard is agrophotovoltaics, also called 

agrivoltaics. This involves using the same 

land both for agriculture and for the 

production of solar energy. 

At the end of 2025, the Ministry of Energy of 

the Republic of Moldova published the first 

national guide on agrivoltaic systems, which 

shows that this field is beginning to be taken 

more seriously at the level of public policy as 

well (Hituc, 2024) [12]. More specifically, 

these systems involve installing photovoltaic 

panels above crops or pastures at a height that 

still allows the land to be used for agricultural 

activities. According to the information 

presented in the guide, one hectare of land can 

be used for the installation of panels capable 

of producing enough electricity to supply 

dozens of households, while at the same time 

the land underneath can remain productive. 

For example, shade-tolerant crops can be 

grown there, melliferous plants can be sown, 

or the land can be used for grazing (Hituc, 

2024) [12]. Compatibility of major 

agricultural systems with agrivoltaic systems 

is shown in Table 1. 

 
Table 1. Compatibility of major agricultural systems 

with agrivoltaic systems 
Crop /  

system 

Compatibility 

with shading 

Why it is suitable for 

agrivoltaics 

Vineyards 

(grapevines) 

Very high Reduces water and heat 

stress; provides protection 

against sunburn and hail 

Orchards 

(apples, plums, 

etc.) 

High (with 

appropriate 

system design) 

Replaces anti-hail nets and 

supplies energy for cooling 

and post-harvest processing 

Shade-tolerant 

vegetables 

(lettuce, 

spinach, 

cabbage, etc.) 

High Reduced wilting, improved 

soil moisture, extended 

growing season 

Pasture with 

sheep (solar 

grazing) 

Very high Natural maintenance, 

livestock shade, improved 

drought resilience 

Source: elaborated by the authors based on Barron-

Gafford et al. (2019) [3]. 

 

Another important advantage is that these 

panels not only produce energy, but also help 

agricultural crops.  

They can reduce water evaporation from the 

soil and provide some protection against 

extreme weather conditions, such as hail or 

excessive solar radiation.  In this way, a more 

favorable microclimate can be created for 

certain crops.  At the same time, farmers gain 

an additional source of income from 

electricity generation, increasing their energy 

autonomy and offsetting electricity-related 

costs. Given that approximately 75% of the 

territory of the Republic of Moldova is used 

for agricultural purposes, agrivoltaics offer a 

balanced solution for the expansion of solar 

energy capacity, avoiding the exclusive 

occupation of productive land with 

photovoltaic installations (Hituc, 2024) [12]. 

For example, one hectare of agricultural land 

equipped with agrivoltaic systems can 

generate approximately 400 MWh of 

electricity per year, equivalent to the annual 

consumption of around 150ï200 households.  

At current tariff levels, this energy output may 

generate revenues exceeding 1.3 million lei 

annually, while maintaining or even 

improving agricultural production.  

Through self-consumption, the electricity 

produced significantly reduces costs related to 

irrigation, refrigeration, processing and 

storage, directly lowering the unit cost of 

agricultural production. In this way, 

agrivoltaics transform land into a dual-

productivity asset, generating both food and 

energy. This enhances farmersô financial 

stability, improves the competitiveness of 

agricultural products and increases the 

sectorôs resilience to drought and energy price 

volatility.  

Such models have already been tested in the 

European Union and the United States, and 

their adaptation in Moldova supported by 

development partners suggests a strong 

potential for structural transformation of rural 

areas, where future farms may simultaneously 

function as producers of both food and energy 

(Photo 1). 

Such systems can reduce soil water 

evaporation and protect crops, while 

simultaneously generating electricity for self-

consumption or for delivery to the grid. 

Beyond solar energy, Moldovan agriculture is 

also exploring other renewable energy 
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sources, notably biomass and biogas. As a 

predominantly agrarian economy, the 

Republic of Moldova has substantial 

quantities of plant residues such as straw, corn 

stalks and by-products from winemaking that 

can be valorized for energy purposes. The 

International Energy Agency has highlighted 

Moldovaôs significant potential for biomass 

energy development, given the agricultural 

structure of its economy. 

 

 
Photo 1. Agrivoltaic system with elevated structures 

over rows of fruit trees 

Source: elaborated by the authors based on Hituc, L. 

(2024) [12]. 

 

Several livestock farms have already begun to 

implement biogas installations, converting 

manure and other organic waste into methane 

that can be used as fuel for heating or 

electricity generation. This approach not only 

provides a local and renewable energy source, 

but also contributes to improved waste 

management and the reduction of 

uncontrolled methane emissions from 

agriculture, given that methane is a highly 

potent greenhouse gas when released directly 

into the atmosphere. In parallel, many farmers 

have switched to biomass boilers using pellets 

derived from agricultural residues or 

sustainably sourced wood to heat greenhouses 

and farm facilities during winter, thereby 

reducing reliance on natural gas or fuel oil. 

Energy efficiency measures have also started 

to gain traction, including the use of heat 

pumps for cold storage facilities and the 

modernization of irrigation systems through 

higher-efficiency pumps and drip irrigation 

technologies, which reduce both water and 

energy consumption. These developments 

have been encouraged primarily through 

international financing programmes (Efremov 

et al., 2025) [7]. 

Grants and subsidies targeted at green energy 

investments have played a key role in 

accelerating this transition. In 2023, amid the 

peak of the energy crisis, projects supported 

by UNDP, the Austrian Development Agency 

and the Government of Japan were launched 

to assist agricultural producers in improving 

energy efficiency and adopting renewable 

energy solutions. 

A dedicated programme focused on women 

entrepreneurs in rural areas provided grants of 

up to USD 6,000 for agricultural 

microenterprises and up to USD 18,000 for 

women-led agricultural SMEs, subject to a 

20% co-financing requirement. Eligible 

investments included photovoltaic panels, 

biogas equipment, heat pumps and biomass 

boilers, as well as other energy efficiency 

measures implemented on farms. The stated 

objective of these initiatives was to enhance 

the energy autonomy of agricultural holdings 

and to reduce their vulnerability to energy 

price shocks (AgroExpert.ro, 2023) [2]. It is 

also worth noting the emerging fiscal 

incentive framework that the Republic of 

Moldova is beginning to develop in order to 

stimulate green investments in rural areas. In 

several European Union countries, fiscal 

incentives are already in place; for example, 

France offers specific ñagro-voltaicò tax 

incentives, including tax exemptions, for 

farmers who combine solar energy production 

with agricultural activities. Similar 

recommendations appear in policy-oriented 

studies for Moldova, such as reducing value-

added tax on renewable energy equipment 

(solar panels, turbines, batteries) or granting 

land tax exemptions for farmers who install 

photovoltaic systems on their agricultural 

land. Such measures could enhance the 

economic attractiveness of these investments 

by shortening payback periods and lowering 

upfront costs. 

At the practical level, the effects of 

decarbonization in agriculture are also 

reflected in a growing orientation toward 

farming practices with a lower carbon 

footprint. The concept of Climate-Smart 
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Agriculture, promoted by organizations such 

as the FAO and the World Bank, is gradually 

gaining visibility in Moldova. This approach 

involves techniques such as cover cropping 

and minimum tillage aimed at maintaining 

carbon stocks in soils and reducing fuel 

consumption associated with repeated 

ploughing optimized crop rotations that can 

decrease dependence on chemical fertilizers, 

improved livestock waste management to 

reduce methane emissions (potentially 

through capture in biogas installations), and 

soil carbon sequestration through organic 

matter management and conservation 

agriculture practices. 

Recent studies indicate that agricultural soils 

in the Republic of Moldova have the potential 

to sequester up to 27% of the countryôs carbon 

emissions if sustainable land management 

practices are widely adopted. At present, this 

potential is only partially exploited; however, 

as environmental policies introduce new 

incentives such as payments for ecosystem 

services or voluntary agricultural carbon 

market mechanisms farmers could benefit 

financially from soil regeneration and 

emission reductions, in addition to the broader 

gains associated with improved soil fertility 

and climate resilience. 

To fully integrate agriculture into the 

objective of climate neutrality by 2050, a key 

challenge will be the electrification and 

efficiency improvement of agricultural 

mechanization. Although electric tractors and 

harvesters are currently at pilot or 

experimental stages at the global level, 

technological progress over the coming 

decades may lead to the adoption of electric or 

hybrid machinery in commercial farming. 

Such technologies would significantly reduce 

diesel consumption and could be powered by 

locally generated renewable energy, for 

example from agrivoltaic systems, thereby 

closing the sustainability loop. In the interim, 

transitional solutions include the use of 

biofuels (such as vegetable oil or biodiesel) in 

existing machinery and logistical optimization 

measures, including the reduction of 

unnecessary transport and increased 

cooperation among farmers for the shared use 

of energy-efficient equipment. 

Overall, the energy transition offers Moldovan 

agriculture an opportunity for positive 

structural transformation: reducing 

dependence on imported fossil fuels, lowering 

vulnerability to volatile energy prices, and 

creating alternative income streams through 

renewable energy production or savings. The 

steps taken to date from the initial deployment 

of solar installations on farms, to subsidy 

schemes supporting energy efficiency, and the 

gradual integration of agriculture into climate 

policy frameworks represent a foundation 

upon which future development can be built. 

A critical issue concerns the extent to which 

the energy transition both through rising 

energy prices and through the broader 

processes of modernization and 

decarbonization has effectively influenced the 

productivity of the agricultural sector in the 

Republic of Moldova over the past decade. 

Agricultural productivity can be assessed 

from multiple perspectives: through partial 

productivity measures, such as physical yields 

expressed in tons per hectare or the efficiency 

of specific inputs (for example, energy 

efficiency measured as value added per unit of 

energy consumed), or through total factor 

productivity (TFP), which provides an 

aggregated measure of the contribution of all 

production factors. 

Economic modeling indicates that, under 

conditions of low electricity demand elasticity 

(Ů = ī0.11), a 44% increase in energy tariffs 

leads to only a marginal reduction in 

consumption (approximately ī4.8%), while 

total energy expenditure rises by around 37%. 

Given that energy accounts for roughly 20% 

of total agricultural costs, this translates into 

an increase in overall production costs of 

approximately 7ï9% (Table 2). 

Economic modeling of the impact of energy 

price increases on agriculture imposed to 

calculate the indicators mentioned below. 

(1)Price elasticity of energy demand: 

 

‐ Ϸɝ1 Ⱦ Ϸɝ0ééééééé.(3) 
These results in: 

Ϸῳὗ ‐z Ϸɝ0 

Ϸῳὗ πȢρρØ ττϷ τȢψϷ 
 

(2) Total energy expenditure: 
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# 0 Ø 1ȣȣȣȣȣȣȣȣȣȢȢȣ τ 
After the price increase: 

# ρȢττ Ø πȢωυ  ρȢσχ  
ᵼincrease å +37% 

(3) Impact on total agricultural costs: 

 

%ȹCtot å s  Ĭ %ȹC éééééééé (5) 

%ȹCtot å 0.20 Ĭ 37% å 7.4% 

 
Table 2. Economic modeling of the impact of energy 

price increases on agriculture in the Republic of 

Moldova (2022) 

Indicator  Symbol Value 

Price elasticity of 

electricity demand 
Ⱥ ī0.11 

Increase in electricity 

tariffs 
%ȹP +44% 

Estimated reduction in 

energy consumption 
%ȹQ ī4.8% 

Estimated increase in 

energy expenditures 
%ȹC +37% 

Share of energy in 

agricultural costs 
s 20% 

Estimated increase in total 

agricultural costs 
%ȹCtot +7ï9% 

Source: elaborated by the authors based on Ġikl et al. 

(2025) [24]. 

 

Such an increase significantly reduces farm 

profitability, particularly for small and 

medium-sized holdings, confirming that 

energy price shocks are largely transmitted 

into the cost structure of agricultural 

production.In the short term, the surge in 

energy prices had a predominantly negative 

effect on agricultural performance, not so 

much through an immediate decline in output 

volumes which were more strongly influenced 

by drought and other natural factors but 

through the erosion of farm profitability and a 

reduction in investment activity. In 2022, 

despite elevated production costs, Moldova 

nevertheless achieved relatively good 

agricultural output levels for certain crops. 

However, farmersô margins were substantially 

compressed, as cereal selling prices did not 

increase proportionally to input costs, 

resulting in lower net incomes. This weakened 

farm capitalization and led producers to adopt 

a more cautious approach in 2023. For 

example, some farmers reduced the areas 

planted with input-intensive crops, such as 

maize or greenhouse vegetables, or shifted 

toward more resilient and sustainable crops, 

including nitrogen-fixing crops like soybeans 

to reduce fertilizer requirements, or oilseed 

crops that require fewer treatments. 

Overall, although physical productivity 

measured in tons per hectare did not collapse 

following the energy price increases, yields of 

wheat and sunflower were weak due to 

drought conditions, while maize production 

was particularly affected, falling to less than 

half of its 2021 level. As a result, 

disentangling the impact of energy prices 

from that of adverse weather conditions 

remains challenging. In 2023, a more 

favorable agricultural year, high production 

levels were once again achieved, supported in 

part by improved access to lower-cost inputs, 

including fertilizers at reduced prices. 

An important complementary indicator is 

energy productivity. According to the 

National Bureau of Statistics, the energy 

productivity of the Moldovan economy 

measured as GDP in thousand USD per tonne 

of oil equivalent of energy consumed 

increased from 9.6 in 2015 to 15.8 in 2022 

(NBS, 2023) [21]. This trend reflects overall 

progress, indicating that more economic value 

is being generated per unit of energy 

consumed, largely driven by non-agricultural 

sectors such as light industry and services, 

which have achieved higher efficiency gains 

than agriculture. Agriculture did not 

contribute to this overall increase; on the 

contrary, as previously noted, its energy 

efficiency has deteriorated. This situation 

indicates that Moldovan agriculture still 

possesses substantial potential for 

productivity growth through technological 

modernization and the adoption of more 

energy-efficient practices. For example, 

average yields per hectare in the Republic of 

Moldova remain lower than those recorded in 

Romania or across the European Union for 

many basic crops, including cereals and 

legumes. This gap is partly explained by 

lower investment levels, limited irrigation 

infrastructure and the continued use of 

outdated technologies. 
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In this context, the energy transition may act 

as a catalyst for modernization. On the one 

hand, high energy costs compel farmers to 

seek new solutions for instance, investing in 

drip irrigation systems powered by solar 

panels, which in the long run reduce diesel 

consumption and increase yields per hectare. 

On the other hand, policy support for green 

technologies provides access to funding that 

translates into new equipment and technical 

know-how, such as the installation of heat 

pumps for grain drying, which consume up to 

three times less energy than older gas-based 

drying systems. 

In the long term, the sustainability of 

agriculture will depend on the extent to which 

it succeeds in decoupling production growth 

from increases in energy and resource 

consumption. The concept of energy 

efficiency thus becomes an integral 

component of productivity. While farmers 

have traditionally focused primarily on 

physical yields (maximizing output), in the 

future the indicator of energy performance 

output per unit of energy consumed will gain 

increasing importance, particularly if emission 

costs (such as carbon taxes) or schemes 

rewarding energy savings are introduced. 

A practical example is the transition to smart 

irrigation systems equipped with soil moisture 

sensors and powered by solar panels which 

can increase crop productivity by 20ï30% 

while simultaneously reducing water and 

energy consumption by comparable 

proportions, relative to traditional flood 

irrigation methods that are energy-intensive 

and inefficient. Such efficiency gains 

contribute to improvements in total factor 

productivity (TFP), which in agriculture has 

stagnated or increased only slowly over recent 

decades. The ultimate objective is an 

agriculture that is economically competitive 

producing more with fewer resources and 

ecologically resilient, avoiding the 

degradation of resources needed by future 

generations. 

A comparison with Romania reveals similar 

patterns. Romanian agriculture has also been 

strongly affected by recurrent droughts and 

rising input prices; however, long-term 

productivity has increased moderately due to 

integration into EU markets and access to 

modernization funds, including newer 

machinery, improved seed hybrids and more 

balanced fertilization practices. Like 

Moldova, Romania has significant untapped 

potential in rural renewable energy. Following 

the sharp rise in electricity prices after 2022, 

many large Romanian farms began installing 

their own photovoltaic systems to secure 

energy independence. In both Romania and 

the Republic of Moldova, greater attention has 

been given in recent years to the rehabilitation 

of irrigation systems. Although these 

investments lead to higher energy 

consumption in agriculture, they are very 

important for maintaining and increasing 

agricultural production in a context where 

drought is becoming more and more frequent. 

The main issue is that these systems must be 

efficient not only from a technical point of 

view, but also in terms of energy use and 

environmental impact. That is why new 

technologies, such as solar-powered pumps 

and sensor-controlled micro-irrigation 

systems, are becoming increasingly important. 

Without such solutions, there is a risk that the 

problem of drought will be replaced by 

another one, namely dependence on expensive 

energy for pumping water. 

In the short term, the energy transition has 

brought serious financial pressure and, in 

some cases, even production declines, 

especially for farmers who do not have 

enough resources to cope with higher costs. In 

the medium and long term, however, this 

process can also bring positive effects, 

because it pushes farmers to use new 

technologies and become more efficient. In 

this way, agriculture can become more 

resilient to crises, less dependent on external 

factors, and better adapted to environmental 

requirements. 

Everything depends, however, on how well 

this change is managed, both by state 

institutions and by agricultural producers. 

Investments in modern technologies, the use 

of more sustainable practices, and the proper 

use of support measures are all very 

important, so that todayôs problems can be 

turned into opportunities for the future. To 

better understand the position of the Republic 
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of Moldova in this process, it is useful to look 

at other countries as well. Romania is a close 

example, because it has similar natural and 

agricultural conditions, but also better access 

to financial resources and support 

mechanisms, as a member state of the 

European Union. Agriculture there has also 

been strongly affected by rising energy prices. 

The Romanian state intervened through direct 

drought compensation, amounting to 

approximately 365 million lei for affected 

farmers, as well as through other support 

measures, such as the temporary capping of 

electricity tariffs and exemptions from excise 

duties on diesel used in agriculture. 

Although Moldova also provided certain 

compensation measures, its fiscal capacity 

was significantly more limited, meaning that 

Moldovan farmers bore a relatively greater 

share of the impact using their own resources. 

In Romania, the Common Agricultural Policy 

(CAP) played a stabilizing role: direct 

payments to farmers ensured a minimum 

income even under rising costs, while rural 

development measures enabled access to 

funding for energy-efficient equipment, such 

as support for installing photovoltaic panels 

on farms through the National Rural 

Development Programme. By contrast, the 

Republic of Moldova relied primarily on its 

national budget and external assistance, which 

helps explain why positive initiatives, 

including green grants, were implemented on 

a smaller scale. 

Another important difference lies in the 

structure of agricultural holdings. Romania, 

similar to Moldova, has a dual agricultural 

sector consisting of several thousand large, 

highly mechanized commercial farms 

alongside over one million subsistence or 

semi-subsistence farms. In both countries, 

large farms demonstrated a stronger capacity 

to absorb the energy shock, benefiting from 

better bargaining power, financial reserves 

and economies of scale. Small farms were the 

most exposed. In Moldova, small vegetable 

and dairy producers were directly affected by 

higher electricity tariffs, as a substantial share 

of their output requires refrigeration and on-

farm processing. In Romania, protective 

measures were introduced, including reduced 

VAT rates on electricity and natural gas for 

agricultural users and tax exemptions under 

income-norm regimes for farms using 

protected cultivation systems supplied by 

renewable energy. These efforts were aimed 

at preventing the bankruptcy of small 

producers. 

Compared to the EU average, both countries 

remain at lower levels of energy efficiency 

and renewable energy penetration in 

agriculture; however, the overall trend points 

toward convergence. The European Union 

increasingly promotes the ñFarm to Forkò 

strategy, which incorporates targets related to 

energy sustainability, including emission 

reductions in agriculture, renewable energy 

use on farms and circular economy principles. 

In this context, Romania and the Republic of 

Moldova particularly as Moldova became an 

EU candidate country in 2022 and began 

aligning with the acquis are expected to 

implement increasingly similar standards. One 

example is the requirement for energy audits 

in medium and large agri-food units, already 

applied in the EU and likely to be extended to 

Moldova, thereby accelerating the 

modernization of inefficient equipment. In 

parallel, EU discussions on concrete targets 

for reducing methane emissions from 

agriculture are expected to encourage farms in 

both Romania and Moldova to invest in 

anaerobic digestion (biogas) and improved 

livestock nutrition in order to lower 

emissions. 

Within the broader energy transition, 

diversifying energy sources and reducing 

dependence on fossil fuels represent strategic 

priorities for agricultural economies. Romania 

has increasingly capitalized on its wind and 

solar potential, particularly in the Dobrogea 

region, which hosts one of Europeôs largest 

wind farms. Over the long term, this process 

contributes to more stable and potentially 

cheaper energy, benefiting not only the 

overall economy but also agri-food value 

chains by reducing energy costs associated 

with processing and storage. 

Although on a smaller scale, the Republic of 

Moldova is undergoing a similar process of 

structural transformation. Accelerated 

investment in renewable energy sources and 
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the synchronization of the national power 

system with the European ENTSO-E network 

have strengthened energy security and 

enabled a gradual departure from dependence 

on vulnerable traditional sources. The 

CernavodŁ-Isaccea-ChiἨinŁu interconnection 

holds particular strategic significance, as it 

marks Moldovaôs transition from an isolated 

energy system to an integrated and more 

resilient one. In the short term, energy 

diversification has involved increases in 

electricity tariffs, which have been reflected in 

higher agricultural production costs. In the 

medium and long term, if farmers have access 

to safer and cheaper energy, they will be able 

to use more modern technologies, improve 

their irrigation systems, storage and 

processing facilities, and reduce post-harvest 

losses. 

Energy interconnection does not mean only 

transmission lines and infrastructure, but also 

broader changes at the level of institutions and 

the market. It can contribute to greater 

transparency, clearer rules, and more stability. 

For agriculture, all of this matters because it 

reduces uncertainty, makes rural investment 

more attractive, and can open access to 

European funding programmes for more 

energy-efficient technologies, such as electric 

irrigation systems, modern cold-storage 

facilities, biogas installations, or anaerobic 

digestion systems. 

Viewed as a whole, the CernavodŁïIsacceaï

ChiἨinŁu interconnection is not just a 

technical project, but also a real opportunity 

for the modernization of agriculture in the 

Republic of Moldova. It can help reduce 

farmersô dependence on energy crises, 

increase the competitiveness of the agri-food 

sector, and guide it toward a more sustainable 

and energy-efficient production model. 

At the same time, the European Union is 

moving more and more toward policies 

focused on reducing carbon emissions. The 

expansion of the ETS system and the possible 

application of the CBAM mechanism could 

mean that, in the future, imports will also be 

taxed according to how polluting their 

production was. For the Republic of Moldova, 

which exports agri-food products to the 

European Union market, this is very 

important. It means that reducing emissions 

will no longer be only an environmental issue, 

but also a matter of market access. 

In other words, if agricultural products are 

obtained through methods that consume a lot 

of energy and generate high emissions, they 

could be disadvantaged on the European 

market. For this reason, aligning with the 

European Unionôs green standards is not only 

a good choice, but also an economic 

necessity. Romania is a relevant example in 

this respect, because as part of the European 

Union it already applies stricter environmental 

rules in agriculture and invests in lower-

emission production models. 

Moldova will need to pursue a form of 

ñleapfroggingò development, and current 

signals indicate that this direction is 

politically endorsed. At COP27 and COP28, 

Moldovan officials reiterated the target of 

reducing emissions by 70% by 2030 and 

called for international support to achieve this 

goal, emphasizing that energy security and the 

green transition are mutually reinforcing. 

Regional perspectives confirm that the energy 

transition is an inevitable and ongoing process 

in agriculture. Although the Republic of 

Moldova starts from a position of relative 

disadvantage, it also benefits from unique 

opportunities, including external support, the 

ability to incorporate lessons learned 

elsewhere, and significant potential for 

renewable energy in rural areas. Close 

cooperation with Romania and other EU 

partners can accelerate the adoption of green 

technologies in agriculture and support the 

development of an integrated agro-energy 

system at the regional level, generating 

mutual benefits for example through 

interconnected grids enabling renewable 

energy exchange or joint agricultural research 

programmes focused on climate adaptation. 

Looking toward the 2030ï2035 horizon, 

Moldovan agriculture will be positioned at the 

intersection of several critical trends: 

developments in global energy markets, 

climate change with the potential to 

fundamentally alter production conditions, 

and progressive integration into the European 

Union. Based on the data and policy 
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directions analyzed, a number of key 

expectations and challenges can be identified: 

Stabilization of energy prices and efficiency 

improvements 

Following the shock experienced during 

2021ï2024, scenarios developed by 

international agencies such as the 

International Energy Agency (IEA) in the 

World Energy Outlook anticipate a medium-

term stabilization of fossil fuel prices, with a 

potential downward trend as the transition 

toward renewable energy sources reduces 

demand for hydrocarbons. For the Republic of 

Moldova, this would imply that the years of 

sharp price increases may be followed by a 

period of greater predictability in energy 

costs. Nevertheless, price volatility cannot be 

fully excluded, particularly in an 

unpredictable geopolitical context. 

The most effective safeguard against future 

energy shocks will be improved energy 

efficiency. If by 2035 Moldovan agriculture 

succeeds in halving its energy intensity 

through technological upgrades and more 

efficient practices, the impact of any future 

energy price increases would be substantially 

mitigated. An indicative target would be for 

agricultural energy intensity to return to its 

2015 level or below, effectively reversing the 

approximately 139% increase recorded over 

the previous decade. Achieving this objective 

requires sustained investment in modern, 

energy-efficient machinery, logistics 

optimization, and the reduction of energy 

losses at farm level. 

Diversification of the agricultural energy 

mix 

A significant share of commercial farms in the 

Republic of Moldova is expected to become 

energy prosumers, producing part of their own 

energy requirements. Whether through small 

photovoltaic installations of several kilowatts 

mounted on storage facilities, small-scale 

wind turbines in areas with favorable wind 

conditions, or biogas generators on livestock 

farms, such sources could supply a substantial 

proportion of the sectorôs energy consumption 

estimated at 20ï30% or more. Government 

policies already support this transition, and as 

the costs of green technologies continue to 

decline, the threshold for economic viability 

will become increasingly accessible for 

agricultural producers. 

Adaptation to climate change 

The coming decade is likely to bring 

increasingly extreme climatic events, such as 

droughts and heatwaves, which will intensify 

the demand for agricultural inputs particularly 

water for irrigation and, in some cases, 

additional fertilization to compensate for 

stress-affected crops. If current practices are 

maintained, this may result in higher energy 

consumption in agriculture. The key challenge 

will therefore be to achieve ñmore with lessò 

by combining climate-smart agriculture with 

clean energy solutions. For instance, if 

irrigated areas expand, newly developed 

systems should ideally be electrified and 

powered by renewable energy sources rather 

than by diesel pumps, as was common in the 

past. In this way, even if the volume of 

pumped water increases, the fossil energy 

footprint can remain low. New technologies, 

such as solar-powered pumps and, where 

needed, desalination solutions for the 

intensive use of surface water or groundwater, 

could become increasingly important for this 

region. 

Technological innovations 

Some solutions that today still seem new or 

even experimental could become, in the 

coming years, something common and 

accessible for farmers. One example is the 

emergence of autonomous electric tractors. 

There are already companies testing electric 

agricultural robots, including some powered 

by solar energy, for tasks such as mechanical 

weeding or vegetable harvesting. If such 

technologies become cheaper and are used on 

a large scale, they could significantly change 

the cost structure in agriculture. In other 

words, instead of purchased diesel, electricity 

generated directly on the farm could become 

the main source of power. 

Another example is the development of smart 

rural microgrids. This means that villages or 

several farms in the same area could connect 

to a local energy network, where they would 

share renewable energy production and 

energy stored in batteries. Through this kind 

of organization, local demand could be 

covered more easily, and dependence on the 
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centralized grid could decrease. Such a 

solution would be especially useful for more 

isolated agricultural communities, because it 

would provide them with greater energy 

security. For the Republic of Moldova to 

benefit from such innovations, cooperation 

with external partners, participation in pilot 

projects, and access to research and 

innovation funding will be important. 

Policies and financing 

If by 2035 the Republic of Moldova joins the 

European Union, its agriculture could benefit 

from the support provided through the 

Common Agricultural Policy. This would 

mean access to larger direct payments and to 

funds for rural development. In addition, since 

2023, the Common Agricultural Policy has 

placed increasing emphasis on environmental 

protection, and an important part of its budget 

is linked to climate-related measures. EU 

accession would therefore provide significant 

financial resources to support the green 

transition in agriculture, including 

investments in renewable energy, nutrient 

management and agroecological forestry 

practices. 

Agricultural emissions and the economics 

of emissions 

In the future, farmers may increasingly be 

rewarded for reducing emissions, for example 

through voluntary carbon markets where they 

can sell carbon credits generated by 

sequestration practices, afforestation and 

agroforestry systems, or by reducing methane 

emissions through anaerobic digestion. By 

2035, if such mechanisms are further 

developed, a Moldovan farmer could obtain 

an additional source of income by operating a 

digester that reduces emissions by a given 

amount of CO2, subsequently selling these 

emission savings to companies seeking to 

offset their carbon footprint. 

Overall, a picture emerges of a Moldovan 

agricultural sector in transition: more 

technologically advanced, more closely 

interconnected with the energy sector and, 

ideally, more financially and climatically 

resilient. Uncertainties will nevertheless 

persist, such as fluctuations in global carbon 

credit prices which could indirectly increase 

fertilizer costs if producers are required to pay 

for emissions or the introduction of new 

regulatory frameworks, for instance carbon-

related charges on transport that would also 

affect the distribution of agricultural products. 

In this context, it is essential for policymakers 

and the agricultural community to remain 

proactive and to anticipate these 

developments. 

Although the Republic of Moldova starts from 

the position of a small economy, it benefits 

from greater agility, allowing it to adopt 

measures more rapidly than larger countries 

and to implement pilot-scale solutions more 

efficiently. The political commitment 

demonstrated toward the energy transition 

represents a strong catalytic factor. If this 

commitment is sustained and translated into 

concrete projects for agriculture as outlined in 

strategic policy documents by 2035 Moldova 

could achieve a modern, competitive and 

sustainable agricultural sector, one that does 

not merely withstand the energy transition but 

thrives as a result of it. 

 

CONCLUSIONS 

 

Over the past ten years, the energy transition 

has had a strong impact on agriculture in the 

Republic of Moldova and has clearly shown 

that energy security and food security are 

closely connected. In short, the main 

conclusions of the analysis are the following: 

Rising energy prices exerted unprecedented 

pressure on agricultural production costs. The 

energy shock eroded farm profitability, 

particularly among small-scale producers, and 

exposed the structural vulnerabilities of 

Moldovan agriculture, including high energy 

intensity and strong dependence on imported 

inputs such as natural gas, fertilizers and 

fuels. In the absence of support mechanisms, 

the impact would have been even more 

severe, forcing farmers to adapt by reducing 

consumption and improving operational 

efficiency wherever possible. 

The transition toward renewable energy 

sources and improved energy efficiency has 

begun to take shape as both a response to 

recent shocks and a strategic solution. 

Agriculture is taking its first steps toward 

integrating solar energy such as agrivoltaic 
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systems bioenergy and energy-efficient 

technologies, a process encouraged by 

emerging policies and grant schemes. 

This trend needs to be accelerated, as in the 

long term only through a degree of energy 

autonomy based on farms acting as energy 

prosumers and reduced dependence on fossil 

fuels can agriculture enhance its resilience. 

Investments implemented to date, including 

photovoltaic installations, biogas facilities and 

irrigation modernization, confirm both the 

technical feasibility and the economic benefits 

of the green transition at farm level. 

Agricultural productivity and 

sustainability  are affected by the energy 

transition in a dual manner: negatively, 

through cost shocks that can reduce input use 

and threaten output levels; and positively, by 

creating incentives to innovate and adopt 

more energy-intelligent practices that lead to 

higher efficiency in the long term. The data 

indicate that agricultural energy efficiency has 

declined in recent years, signaling the need for 

corrective action. The large-scale 

implementation of climate-smart agriculture 

and precision technologies will be essential to 

decouple production growth from increasing 

energy consumption and to achieve 

sustainability objectives. 

The Republic of Moldova faces challenges 

similar to those encountered by other 

countries in the region, such as Romania, in 

the fields of energy and agriculture, but with 

more limited internal resources to manage 

them. Alignment with European Union 

policies and funding instruments particularly 

the Common Agricultural Policy and the 

European Green Deal represents a major 

opportunity to provide financial support for 

the green transition of agriculture in the 

coming years. Experience from other 

countries suggests that an optimal policy mix 

should include targeted subsidies for critical 

inputs during periods of crisis, substantial 

investments in infrastructure such as energy-

efficient irrigation systems and modern rural 

electricity networks fiscal incentives for 

renewable energy adoption, and a stable 

regulatory framework that encourages private 

initiative in on-farm green energy 

development. 

2030ï2035 Prospects 

Moldovan agriculture has the potential to 

become more resilient and competitive if the 

energy transition is managed proactively. 

Scenario analyses point to an increasing share 

of renewable energy in rural areas, a gradual 

reduction in energy intensity as efficient 

technologies penetrate the market, and deeper 

integration with European markets for both 

agricultural products and energy. The future 

of agriculture is closely intertwined with the 

future of energy, and in the case of the 

Republic of Moldova this implies a structural 

shift toward a low-emission, digitalized agri-

food sector that is increasingly interconnected 

with smart energy networks. 

The structural implications of the energy 

transition for Moldovan agriculture are 

reflected in a transformation of the way food 

is produced, encompassing input use, 

technological processes and farm business 

models. Adapting to these changes is not 

optional but essential for the sustainable 

development of agriculture and for ensuring 

both food and energy security at the national 

level. Although the Republic of Moldova is a 

small economy, it has the potential to become 

a regional example of energy-smart 

agriculture, provided that it continues on a 

path of innovation and cooperation, 

effectively leveraging both internal resources 

human and agricultural and the support 

offered by its international partners. 
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Abstract 

 

The aim of the study was to evaluate the applicability of digital marketing for Bulgarian small and medium-sized 

wineries, with emphasis on online visibility, competencies, and sustainable growth. In 2024, a survey was conducted 

among 13 wineries from Northwestern and Central Northern Bulgaria. The results showed that the most frequently 

used channels were social media platforms Facebook and Instagram, while video marketing was only marginally 

represented. The data clearly identified a need for training in digital marketing and for regionally targeted 

strategies for the national market. Accordingly, it was necessary to develop training programs and practically 

oriented tools for digital channels that could enhance return on investment. 
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INTRODUCTION  
 

The evolution of the Internet since the 1990s, 

driven by digitalization and platforms, has 

transformed marketing through social media 

and differentiated online from offline markets 

(Alves et al., 2016) [1]. In the contemporary 

environment, owning a website and actively 

implementing digital tools are critical 

conditions for customer access, company 

sustainability and brand recognition (Kannan 

& Li 2017; Verhoef et al., 2021) [12, 18]. 

Marketing is evolving from analog to digital, 

utilizing new tools to enter a brand new 

technological environment. Its primary object 

is to reach, research and deliver to digital 

consumers what they are looking for. Online 

trading platforms and social networks played 

a major role in this process (Alves et al., 

2016) [1]. These platforms have not only 

changed the way purchasing behaviour, but 

have also established new standards for 

delivery speed, supported by innovations in 

logistics. (Krastev, 2017; Mastroberardino et 

al., 2022) [14, 15]. In this context, new 

marketing opportunities have opened up for 

the wine sector and wine tourism, using direct 

online stores, social channels for advertising, 

reservation and logistics networks to reach the 

end consumer. (Bonarou et al., 2017) [3]. At 

the heart of this new marketing landscape is 

the concept of the Attention Economy, a term 

first proposed by Simon (1971) [16]. It 

postulates that in a world saturated with 

information, the primary scarce resource is 

human attention (Simon, 1971) [16]. The 

attention economy, which evolved from the 

idea that attention itself is a commodity, plays 

a key role in shaping economic value and 

popularity in digital media formats (Törhönen 

et al., 2018) [17]. In the contemporary digital 

ecosystem, consumer attention is perceived as 

the currency with which they pay for content. 

(Huberman, 2013) [8]. This compels brands, 

including in specific niches such as wine 

tourism, to fight for every second of 

engagement, turning visual aesthetics and 

personal brand into key strategic assets. 

(Dziagacz, 2024) [7]. 

In a study by IaἪiἨin (2025) [10] concludes that 

the integration of modern technologies is the 

key to the recovery of the wine sector in R. 

Moldova, and the introduction of innovations 

will facilitate to the sectorôs restoration, which 

in turn will improve working conditions, 

reduce the environmental footprint and 

significantly increase profitability. In 

Bulgaria, in 2022, 358 wineries were 
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registered, reached 365 by 2025(Koev, 2026) 

[13]. In a study by Chorbadzhijski (2024) [4], 

cited by Dimitrov & Dimitrova (2025) [5], the 

majority of them are small in terms of 

production volume, which indicates that they 

are mainly family-owned, with limited 

financial and managerial resources, oriented 

towards the domestic market. These 

constraints affect their competitiveness and 

market sustainability, primarily leading to 

savings in resources and effort at the expense 

of marketing and advertising. Nevertheless, a 

significant number of them have oriented 

themselves toward digital channels and tools 

for advertising and customer acquisition 

(Dimitrov et al., 2025) [6]. 

It is precisely digitalization in the wine sector 

that will be key in positioning and reaching 

customers, especially younger ones, who 

interact much more widely and naturally with 

brands in a digital environment. For them, an 

online presence is not merely a convenience, 

but a key factor in building trust and loyalty to 

the product. Moreover, digital technologies do 

not ñspoilò the image of traditional products, 

but on the contrary ï they are the only way for 

these products to remain competitive and 

visible in the modern world (Jelea & BrumŁ. 

2024) [11]. For this reason, enhancing the 

digital competence of management in small 

and medium-sized enterprises is strategically 

important for the successful implementation 

of digital marketing and for ensuring the 

competitiveness of the business. 

The aim of the study is to evaluate the 

applicability of digital marketing by small and 

medium-sized Bulgarian wineries, with an 

emphasis on online visibility, competencies 

and sustainable growth. 
 

MATERIAL S AND METHODS  

 

The research based on a primary survey 

conducted during the ñTime for Wineò festival 

in Pleven, Bulgaria (August 29 ï September 

1, 2024).  

The object of the research is the digital 

marketing and online presence of 13 wineries 

from North-West and North-Central Bulgaria, 

all active members of the Association of the 

Danube Winemakers 

(https://danubewinemakers.bg ) [2]. Managers 

of enterprises classified as small and medium-

sized enterprises (SMEs) were surveyed, in 

accordance with the respondent profile 

established in a previous stage of 

comprehensive research. Nine of them are 

micro- and small enterprises with the 

following production volumes: five wineries 

produce between 75 and 150 hl; two wineries 

ï from 150 to 375 hl; and two ï from 375 to 

750 hl. Four enterprises are classified as 

medium-sized with an average production 

volume above 750 hl (Dimitrov & Dimitrova, 

2025) [5].   

The subject of the research was on the specific 

forms of virtual communication, digital tools 

and strategies that managers use to promote 

their products and wine tourism. The selection 

of these specific subjects allows for an 

integrated analysis of the relationship between 

their production capacity and their digital 

presence strategies. 

Research instrument: Data were collected 

using a structured questionnaire entitled: 

ñResearch on digital marketing in the wine 

sectorò. The questionnaire consists of 16 

questions, designed mainly as closed-ended. 

In order to ensure comprehensive data 

collection, several questions allowed for 

multiple-choice responses, which allows for 

in-depth understanding of the digital tools 

used by the enterprises. 

Data processing and analysis: The collected 

data were processed using MS Excel, utilizing 

univariate frequency distributions for both 

qualitative (non-metric) and quantitative 

(metric) variables (Goev et al., 2019) [9]. The 

interpretation is followed by an analytical 

approach to identify the strengths and 

weaknesses in the digital communication 

strategies used by winery managements to 

effectively reach their target audiences. 

The analysis is structured around four 

research questions (Research Questions - RQ), 

which address the following: 

1. Infrastructure provision (RQ1): What 

proportion of the enterprises have their own 

website and do they maintain up-to-date 

information for users? 

2. Communication channels (RQ2): Which 

social networks and video channels (YouTube 

https://danubewinemakers.bg/
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and TikTok) dominate the marketing mix, and 

what is their visibility? 

3. Barriers and tools (RQ3): What are the 

main obstacles (budget, time, knowledge) 

facing wineries and which digital tools are 

used most effectively? 

4. Budgeting and results (RQ4): What share 

of the budget is invested in digital activities, 

and how does this affect managers' ability to 

evaluate return of investment (ROI)? 

 

RESULTS AND DISCUSSIONS 

 

The first group questions pertains to website 

availability, the frequency of information 

updates, and market positioning ï specifically, 

the markets toward which the wineries are 

oriented.  

The first question was: ñDo the wineries have 

their own website?ò. When processing the 

responses, nine wineries have a website, one 

does not, and three (at the time of the survey) 

are in the process of being developed. This 

indicate that most wineries already have their 

own page and have the opportunity to 

advertise. Regarding the winery that does not 

have one ï it has been on the market for a 

relatively short time (founded after 2022), 

despite the lack of such an option in the 

responses, the manager noted that they 

currently advertise only through one social 

network ï Facebook. 

The purpose of the second question is to 

check ñHow often they update the information 

on their website?ò. The reason for this is to 

reveal the frequency of content and 

information upodating. It is linked to 

conducting regular advertising and 

promotional campaigns. Nine of the 

respondents update their content regularly, 

one updates it infrequently, while none rely 

solely on general information; the remaining 

three do not yet have a website (Fig. 1). 

The results indicate that most wineries strive 

to update their information and offer up-to-

date proposals more frequently. Furthermore, 

they have the opportunity to monitor click-

through rates and identify the most searched-

for content, allowing them to better direct 

their marketing policies. 

 

 
Fig. 1. Website Content Management (n=13) 

Source: own calculation based on the survey. 

 

The third question was: ñWhat is your 

primary target market in the digital space?ò. 

Based on the data (Fig. 2), the responses are 

distributed as follows: The response options 

were as follows: 
  a) National ï 9 mentions (60%); 

  b) Regional ï 2 mentions (13%); 

  c) International ï 0 mentions (0%); 

  d) National and International ï 4 mentions  (27%). 

The total number of responses is 15 exceeds 

the number of participants ï 13. ɸlthough the 

option to select more than one answer was not 

provided, representatives from two of the 

wineries indicated both national and regional 

markets. We assume that their response is 

driven by the fact that the majority of their 

production is sold on the local market, with a 

smaller portion reaching international 

markets. The primary focus for the wineries is 

the national market (60%), followed by those 

targeting both national and international 

markets (27%). For the latter group, digital 

capabilities must be tailored to the specific 

characteristics of the respective international 

markets to which they export, taking into 

account the tastes and traditions of the local 

population, as well as the potential channels 

and social networks required to reach their 

target groups. Additionally, representatives 

from two of the wineries indicated a focus on 

both national and regional markets. 

There is a clear need for a more integrated 

digital approach that balances local traditions 

with global digital trends, ensuring that 

wineries not only reach, but also resonate with 

diverse consumer groups across different 

geographic boundaries. 
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Fig. 2. Target market in the digital space 

Note: The total number of mentions (n=15) exceeds the 

number of respondents (n=13) because some 

participants provided more than one answer. 

Source: own calculation based on the survey. 

 

The next set of questions are related to 

Research Question - 2 (RQ2): Which 

communication channels do wineries use, and 

what marketing mix do they employ to 

enhance their visibility in the digital space.  

Regarding the question: ñDo you use social 

media for marketing your products?ò, the 

managers responded as follows: 

  a) Yes, we actively use several social media 

networks ï 9 responses; 

  b) Yes, but we focus on only one social 

media network ï 3 responses; 

  c) We use social media, but not actively ï 1 

response; 

  d) We do not use social media ï 0 responses. 

The results indicate that all surveyed wineries 

utilize at least one social media platform. The 

majority of them maintain an active presence, 

which demonstrates that their digital 

marketing is primarily focused on social 

media advertising. This appears to be the most 

critical segment of their overall digital 

marketing strategy. 

It is noteworthy that while some wineries do 

not yet have a fully functional website, all of 

them, without exception, are present on social 

networks. This confirms the role of social 

platforms as an ñentry pointò for the digital 

presence of newer or smaller producers.  

This high intensity of use of social networks 

is probably due to the possibility of direct 

communication with the end consumer, the 

relatively low advertising costs and the tools 

for precise targeting of interest groups (e.g. 

wine lovers, wine and culinary tourism 

enthusiasts, etc.). 

The next question aims to specify: ñWhich are 

the most frequently used social media 

networks by the enterprises?ò. Since some 

enterprises utilize more than one platform, 

managers were given the opportunity to select 

multiple answers. During the data processing, 

the total number of selections reached 25. 

Among them, Facebook is the most widely 

used platform, with 12 out of 13 wineries 

maintaining a presence there. This is followed 

by Instagram, which is used by 9 of the 

respondents. Only three wineries utilize video 

platforms such as YouTube and TikTok, while 

the ñOthersò category (e.g., LinkedIn, X) was 

selected by only one respondent (Fig. 3). 

The responses unequivocally demonstrate that 

within the most widely used digital marketing 

channel - social media - owners have focused 

primarily on Facebook and, to a lesser extent, 

Instagram. 

 

 
Fig. 3. Social media and digital channels used by wine 

cellars 

Note: Total mentions (n=25) exceed the number of 

respondents (n=13) due to the multiple-choice format 

of the question. 

Source: own calculation based on the survey. 

 

Only a few wineries (3) utilize video 

channels, despite their high potential for better 

positioning and increased visibility of the 

wineries' offerings. This suggests that 

wineries should redirect their advertising 

policies toward these platforms. Furthermore, 

only one respondent reported advertising on 

other social media, highlighting another 

untapped opportunity, such as the business-

oriented platform LinkedIn. Wineries offering 

wine tourism, particularly those with 

accommodation facilities, could also 

successfully leverage global reservation 

networks such as Booking.com and 
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TripAdvisor. Short video messages are 

frequently used by companies offering wine 

tourism. For this reason, we examined the 

adoption of this marketing tool through the 

question: ñDo you use video channels to 

promote your products?ò. The responses 

indicate that video content is currently 

overlooked as a powerful advertising 

opportunity (Table 1). Only one respondent 

reported posting videos regularly, while five 

others do so rarely. On a positive note, five 

managers plan to start using video content 

more frequently. Only two respondents stated 

that they have no plans to use video channels 

for now, which suggests they may become 

less visible in the future compared to those 

who embrace this format..  

 
Table 1. Using video channels for advertising (n=13) 

Response category Number of 

respondents 

Yes, we post videos regularly 1 

Yes, but we rarely post videos 5 

No, but we plan to start 5 

No / Not planned 2 

Total 13 

Source: own calculation based on the survey. 

 

The results reveal a significant deficit in the 

use of video content, despite its proven role in 

achieving high visibility and engagement. The 

data shows that over 84% of the surveyed 

managers do not use video channels regularly, 

which limits their competitiveness in the 

digital environment. 

Regarding one of the key questions in this 

study: ñWhat types of digital marketing do 

you employ?ò, managers were allowed to 

select multiple answers.  

 

 
Fig. 4.  Distribution of digital marketing instruments 

applied by wine enterprises (n=12) 

Source: own calculation based on the survey. 

Of all participants, only one (the winery 

without a website) did not respond. For the 

remaining 12 respondents, the total number of 

mentions reached 16 (Fig. 4). 

The most widely applied method is Content 

Marketing (7 mentions), followed by Email 

Marketing (5 mentions), Social Media 

Advertising (3 mentions), and SEO (1 

mention). Two respondents selected two 

options, while only one winery utilizes a 

combination of Email Marketing, Content 

Marketing, and Paid Advertising. The results 

clearly indicate that wine enterprises do not 

sufficiently utilize the full range of digital 

instruments to position themselves in the 

market. This is primarily due to their heavy 

reliance on social media, which provides 

flexibility in content updates (mainly for 

promoting products and upcoming events) but 

relies significantly less on paid advertising. 

One of the most effective tools ï SEO is 

utilized by only one manager. 

The analysis reveals a weak adoption of 

digital instruments. We can assume this is 

driven by several factors: limited budgets; 

lack of familiarity with digital marketing 

tools; lack of experience or specialized 

knowledge; absence of qualified personnel; 

time constraints; or the fact that digital 

marketing is not currently a strategic priority. 

A well-developed advertising campaign is a 

vital component of a company's development 

and promotion, often requiring a substantial 

budget. Consequently, this study examined 

ñWhether and how regularly wine enterprises 

use paid advertisements on platforms (such as 

Google, Facebook, and others)?ò. The 

response options are detailed in Table 2. 

The results show that only three wineries use 

paid advertising regularly, while five do so 

rarely. Additionally, two respondents are 

considering starting, whereas three have no 

plans to use paid advertising. Based on these 

findings, two hypotheses can be proposed: 

first, that wineries operate with limited 

budgets for paid promotion; and second, that 

there is a lack of market familiarity regarding 

the opportunities for online investment. This 

suggests a potential concern among managers 

regarding the return on investment (ROI) and 
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the overall effectiveness of digital advertising 

funds. 
 

Table 2. Use of paid advertising in digital platforms by 

wine enterprises (n=13) 

Response category Number of 

respondents 

Yes, regularly 3 

Yes, but rarely 5 

No, but considering 

starting 

2 

No, and no plan to use 3 

Total 13 

Source: own calculation based on the survey. 

 

The following set of questions focuses on the 

managers self-assessment of their familiarity 

with digital tools, their level of preparedness, 

and their potential need for additional 

qualification and training. In response to the 

first question in this series: ñRate the 

knowledge and expertise of your team 

regarding digital marketingò, the results are 

presented in Table 3. 

One participant did not provide an answer. 

The majority of respondents (7) stated that 

they possess a ñGood enoughò level of 

knowledge, followed by those with ñVery 

goodò(2) and ñBasicò knowledgeò(2). Only 

one respondent indicated a ñlack of sufficient 

digital expertiseò. 
 

Table 3. Assessment of digital marketing knowledge 

and expertise (n=13) 

Evaluation Respondents 

Very good  2 

Good enough  7 

Basic knowledge  2 

Lack of digital expertise  1 

Did not answer  1 

Total 13 

Source: own calculation based on the survey. 

 

The results from this question clearly show 

that the majority of managers (nearly 70% of 

those who answered) feel confident in their 

digital knowledge, defining it as Good enough 

or Very good. However, this subjective 

optimism contrasts with the actual operational 

use of digital tools described in previous 

sections. There is a clear digital skills gap. 

When managers rate their knowledge as 

ñsufficientò, yet previous findings show low 

utilization of instruments such as SEO or paid 

advertising, it indicates either an over-

optimistic self-assessment or a lack of 

understanding regarding the full potential of 

digital marketing.  

With the question: ñWhat are the biggest 

challenges you face in digital marketing?ò, 

our goal was to identify the specific barriers 

and constraints that managers encounter in 

their digital marketing efforts. Respondents 

were given the opportunity to select more than 

one answer (Table 4). 
 

Table 4. Challenges in digital marketing (n=12) 
Challenge Type Respondents 

(Counts) 

Share of 

respondents (%)*  

Limited time to 

support campaigns 

5 41.7% 

Insufficient 

knowledge and 

skills 

4 33.3% 

Lack of  budget  3 25.0% 

Competition with 

bigger brands 

3 25.0%  

Other (please 

specify)  

0 0.0% 

Total Responses 15 125.0% 

*Note: The survey allowed for multiple responses. The 

percentages are calculated based on the total number of 

participating respondents (n=12). One respondent did 

not provide an answer. 
Source: own calculation based on the survey. 

 

The total number of responses reached 15 

because three of the winery representatives 

selected two options each. Two of them 

identified both insufficient skills and limited 

time, while the third respondent highlighted a 

lack of budget and limited time as concurrent 

challenges. 

The results clearly show that the limited time 

required to conduct, monitor, evaluate, and 

maintain digital campaigns is a resource that 

many managers lack. Given that the majority 

of the surveyed entities are small-scale 

production wineries with fewer employees, 

the primary difficulty lies in allocating time 

for marketing amidst their other operational 

responsibilities. Insufficient knowledge and 

skills is the second most frequently cited 

challenge, which confirms our hypothesis that 

the personnel of certain wine producers 

require additional training and professional 

qualification. Three respondents indicated that 

they face difficulties in advertising and 

promoting their brand because there is 

competition with bigger brands. In reality, it 
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is quite difficult to allocate the time and 

budget that larger enterprises undoubtedly 

possess. Large wine producers have their own 

marketing departments and/or hire advertising 

agencies, which small firms cannot afford. 

Three respondents stated that they have a lack 

of budget for marketing campaigns, which 

puts their future competitiveness at risk 

compared to brands that advertise and seek 

customers in the digital space. The analysis 

emphasizes the importance and necessity of 

training that small wine producers may 

require to cope with the challenges of digital 

marketing. Providing support through training 

will be key to their successful adaptation and 

market competitiveness. The conclusion is 

that investing in training can help wine 

producers adopt new strategies and tools that 

will make their marketing more effective. 

In response to the question: ñDo you use tools 

to analyze and track the effectiveness of your 

marketing campaigns?ò, the managers' 

answers are presented in the diagram in 

Figure 5.  

 

 
Fig. 5. Usage of marketing analytics and performance 

tracking tools (n=13) 

Source: own calculation based on the survey. 

 

The results indicate that the first group, 

consisting of three managers, regularly uses 

tracking tools. One respondent utilizes such 

tools, though not frequently. A positive trend 

is observed in the largest group of six 

respondents, who have not used them so far 

but plan to start. Only two respondents stated 

they have no plans to use analytical tools, 

which may signal a need for educational 

initiatives. Focusing on training and 

awareness could lead to a broader adoption of 

analytical tools and, ultimately, to more 

successful marketing campaigns. Overall, 

there is a positive outlook toward using 

analysis tools; however, the two managers 

who do not plan to use them should be 

encouraged through increased information and 

necessary training. 

In response to the question: ñWhat kind of 

training and additional knowledge do you 

need?ò, the possibility for multiple answers 

was provided, resulting in a total of 18 

selections. Four of the respondents indicated a 

need for more than one of the suggested 

options (Figure 6). 

 

 
Fig. 6. Identified digital marketing training needs 

Note: Number of respondents (n=13) were allowed to 

select more than one option.Total number of responses 

is 18. 

Source: own calculation based on the survey. 

 

Most commonly, managers prefer training 

related to Social Media Management. This is 

expected, considering their previous responses 

indicating that their digital tools are primarily 

concentrated in social media. In second place 

is the need for SEO optimization. This is also 

the most frequently desired profile by 4 

managers, along with training in social media 

management. Only three of the respondents 

stated that they have no need for training. 

However, two indicated a need for training 

related to Paid Advertising. We also provided 

an opportunity to specify other training needs. 

One respondent replied in this field, stating: 

ñCombining knowledge of wine with digital 

marketing skills and expertiseò. This indicates 

that training sessions related to digital 

marketing could be organized in the near 

future in response to the needs of the business. 

Based on the question: ñHow effective are 
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your digital marketing efforts?ò, the 

distribution of responses presented in Figure 

7, clearly indicates a trend toward a moderate 

assessment of digital efforts. The highest bar 

in the chart corresponds to the category 

sufficiently effective (7 responses), which 

serves as an indicator of a basic level of 

proficiency with digital tools. At the same 

time, the significant number of managers (5 

responses) who evaluate their efforts as not so 

effective underscores the presence of serious 

difficult ies in achieving optimal results. The 

fact that only one respondent falls into the 

category ñvery effectiveò categorically 

confirms our hypothesis regarding the need 

for specialized training. 

 

 
Fig. 7. Managers' self-assessment of digital marketing 

effectiveness (n=13) 

Source: own calculation based on the survey. 

 

Based on the question: ñWhat percentage of 

the marketing budget is allocated to digital 

marketing?ò, it is understood to what extent 

wine producers have directed their efforts 

toward online markets. The number of 

respondents is 12. The data regarding the 

distribution of the marketing budget (Figure 

8) indicates a clear trend toward low levels of 

investment in the digital environment. The 

results can be differentiated into three main 

categories: 

-Minimal investment (under 10%): This is the 

most prevalent model, followed by eight 

respondents. This high proportion indicates a 

strong reliance on traditional marketing 

channels and an underestimation of the online 

space. 

-Moderate investment (up to 30%): Two of 

the managers allocate up to one-third of their 

budget, which indicates a transitional stage 

where digital marketing is not yet the primary 

focus. 

-Strategic investment (30% ï 50%): Only two 

respondents invest a significant portion of 

their funds in digital activities, demonstrating 

a high level of recognition of the importance 

of an online presence. 

 

 
Fig. 8. Share of digital marketing in total marketing 

budget (n=12) 

Source: own calculation based on the survey. 

 

The results show that nearly 70% of the 

respondents do not invest adequately in digital 

marketing. This passive strategy threatens the 

long-term competitiveness, particularly of 

small wineries. There is a need for active 

promotion of awareness regarding the benefits 

of digital advertising within this sector.  

In response to the question: ñHow do you 

evaluate the return on investment (ROI) from 

your digital marketing campaigns?ò, 11 out of 

13 managers provided an answer. The 

respondents' answers are noted in Table 5. 

Two respondents evaluated it as very good. 

This group consists of respondents who 

allocated a larger budget, as identified in the 

preceding question. As a result, we can 

assume that with higher expenditures, there is 

a sufficiently good profit, which indicates the 

positive impact of implementing digital 

marketing on the business. For two 

respondents, the ROI is sufficient ï 

satisfactory. For three of the surveyed, the 

return is insufficient, and those who cannot 

unable to determine are four. Given the small 

investments allocated by most of them ï 

under 10% (the previous question), it 

indicates a low or zero return. Here, training 

related to analytical tools could be helpful. 

The group that cannot unable to determine 
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(4), along with those without a response (2), 

demonstrates a necessity for improving the 

methods for measuring and analyzing ROI to 

ensure a better awareness of the effectiveness 

of investments. 
 

Table 5. Managers' assessment of Return on Investment 

(ROI) from digital marketing (n=11) 
ROI Assessment 

Category  

Response count Percentage share 

(%)  

Very good 2 18,2 

Satisfactory 2 18,2 

Insufficient  3 27,3 

Unable to determine 4 36,3 

Total respondents 11 100 

Note: Two of the respondents opted not to answer this 

question. 
Source: own calculation based on the survey. 

 

The importance of investment in digital 

marketing and how their levels influences 

return is clearly outlined. It also highlights a 

need for training and awareness regarding 

ROI measurement is noted, in order to 

improve business results and encourage 

producers toward a broader adoption of digital 

strategies. In our view, this information is 

valuable for developing approaches that help 

wine producers maximize their investments 

and achieve better results. 

With the final 16th question of our survey, we 

aimed to determine: ñDo you intend to 

increase your presence in digital channels?ò 

The responses are shown in figure 9. To the 

options provided, the participants responded 

as follows: 

 a) Yes, significantly ï 3; 

 b) Yes, but on a limited scale ï 7; 

 c) No, we will remain at the same level ï 2; 

 d) No, we plan to reduce our digital activity ï 

1. 

Overall, the majority of respondents (10 out of 

13) express a willingness to expand their 

digital footprint, albeit with varying degrees 

of intensity. The group that responded they 

will significantly increase their presence (3) 

provides a positive sign for strategic 

development through online markets.The 

largest group of respondents (7) plan to 

expand their presence, but on a limited scale. 

This may be a sign of a cautious approach or 

limited resources. The group that stated they 

will remain at the same level (2) shows that 

they are perhaps satisfied with their current 

presence and do not see a need for expansion, 

or they face very limited budgets, lack of 

time, and insufficient competencies. Only one 

respondent stated they are considering 

reducing their digital activity, possibly due to 

a low return on investment (ROI). 

 

 
Fig. 9. Future intentions for digital presence expansion 

over the next 3 years (n=13) 

Source: own calculation based on the survey. 

 

Todayôs marketing, much like winemaking, 

requires both intuition and technological 

precision. The transition from a limited scale 

to effective digital growth is possible through 

the implementation of monitoring and 

analysis tools. Focusing on increasing digital 

literacy is the best first step, ensuring that 

every invested resource will bring maximum 

added value to the winery. 

 

CONCLUSIONS  

 

The small and medium-sized wineries 

surveyed members by Association of the 

ñDanube Winemakersò are at a turning point 

of ñdigital awakeningò, as the majority of 

managers now recognize the need for a more 

permanent digital presence. However, due to 

constraints in time, budget, or specific know-

how, they require accessible training and 

simplified, automated reports rather than 

complex software platforms to directly link 

marketing expenditures with the number of 

wine cases sold or winery visitors. Analysis 

from the survey manages to provide answers 

to the previously set questions: 

1. Digital infrastructure and presence (RQ1) - 

current status shows that most wineries have a 

basic online identity (website), but it is often 

static. 

Conclusion: The results indicate the existence 

of a solid fundamental digital base (over 70% 
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of the wineries have a web presence); 

however, a deficit in interactivity and 

dynamic content management is still 

observed. Digital infrastructure is perceived 

more as a 'business card' rather than an active 

tool for sales and consumer engagement. 

2. Communication Channels and Video 

Marketing (RQ2) ï Widespread use of 

Facebook/Instagram and the neglect of video 

platforms and short-form videos. 

Conclusion: There is a pronounced reliance on 

traditional social networks (Facebook and 

Instagram), which creates a risk of saturation 

and high competitive density. The critical 

underestimation of video platforms 

(YouTube, TikTok) reveals a missed 

opportunity, particularly for attracting 

younger audiences and for a deeper emotional 

presentation of wine tourism through visual 

storytelling. 

3. Regarding barriers and resource deficit 

(RQ3) ï the limiting factors are lack of time 

and knowledge. 

Conclusion: Regarding barriers and resource 

deficit (RQ3) ï the limiting factors are lack of 

time and knowledge. The identified ódigital 

deficitô in the surveyed wineries is not so 

much financial as it is structural and 

cognitive, where the lack of time and specific 

expertise hinders the transition from intuitive 

to strategic marketing. This highlights a 

significant ñdigital skills gapò, as the 

widespread use of content marketing is not 

accompanied by technical competence in 

complex areas such as SEO and Video 

marketing. Consequently, training programs 

must shift from general digital literacy toward 

providing practical experience in analytical 

tools and performance measurement, as 

without such specialized support, small 

wineries will find it difficult to achieve 

sustainable online visibility. 

4. Regarding Investment and Return (RQ4) ï 

the managers' responses clearly indicated the 

allocation of low budgets and an inability to 

measure ROI. 

Conclusion: The study demonstrates a direct 

correlation between the size of digital 

investment and the ability to evaluate its 

effectiveness. The widespread allocation of 

less than 10% of the marketing budget to 

digital activities leads to an inability to 

measure ROI. This creates a persistent barrier 

of low investment and poor results, which can 

only be broken through specialized training in 

analytical tools and the reallocation of funds 

toward high-performance digital channels. 

Firstly, the study demonstrates the necessity 

of conducting specialized training to enhance 

the digital literacy of management teams. The 

identified Digital Skills Gap in the areas of 

SEO, Video marketing, and ROI tracking 

tools is a major obstacle to effective 

positioning and budget expenditure. Training 

programs should be practically oriented, 

guiding winemakers to transition from 

intuitive social media posting to strategic 

decision-making based on data-driven 

marketing. 

Secondly, as a strategic solution to overcome 

the chronic lack of time and limited financial 

resources, we propose the implementation of a 

model for shared (common) digital marketing 

under the auspices of Association of the 

ñDanube Winemakersò. Cooperation would 

enable wineries (especially for micro and 

small) to pool their budgets for hiring external 

specialists, building common regional digital 

platforms, and joint advertising campaigns for 

the region's wines and wine tourism. This 

approach would enhance the online visibility 

of the entire region and ensure a professional 

presence on video channels, which are 

currently underutilized by individual small 

producers. 
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Abstract 

 

The paper examined the structural characteristics of the Bulgarian wine grape market. The organization of the wine 

supply chain was studied, and the key determinant of wine grape demand and supply were identified. Tendencies in 

harvested areas of wine grapevine varieties, as well as wine grape production and processing over the period 2007-

2024, were assessed. Particular attention was paid to the dynamics and variability of producer prices, which were 

compared with price levels observed in selected European countries. Profitability in wine grape production in 2025 

was assessed based on data on production activity and output obtained from the cultivation of the wine grapevine 

varieties Rubin, Misket kailashky and Muscat Ottonel at the Institute of Viticulture and Enology. The long-term 

decline in wine grape and wine production in Bulgaria revealed challenges across the supply chain. Stable farm 

profitability emerged as a critical condition for maintaining the supply of quality grapes and required improvements 

in contractual arrangements between grape growers and wineries, supported by appropriate financial and 

institutional measures. 

 

Key words: wine grapes, market, price, value chain, profitability 

 

INTRODUCTION  

  

The wine grape market is an important 

element of the overall structure of the 

functioning and development of the viticulture 

and wine sector. The report of the Comité 

Européen des Entreprises Vins (CEEV, 2024) 

[5] highlighted the complex mechanism of 

interrelationships along the wine value chain, 

encompassing different economic sectors ï 

viti -viniculture (agriculture), winemaking 

(industry), and commercialization (services). 

Wine grape production stands at the beginning 

of the value chain and determines the 

possibilities for ensuring a stable supply of 

high-quality and differentiated products. For 

this reason, profitability in farms cultivating 

wine grapevine varieties has been a key issue, 

which over the years has shaped the 

framework of financial support in the sector 

under the Common Agricultural Policy 

(CAP), given its significant socio-economic 

importance for many rural areas in the 

European Union (Pappalardo et al., 2012; 

Pappalardo et al., 2012a; Ġajn, 2023; High-

Level Group on Wine Policy, 2024) [23, 24, 

27, 13]. 

The production of quality wine with Protected 

Designation of Origin (PDO) or Protected 

Geographical Indication (PGI) has been at the 

core of the strategic positioning of EU wines 

on the international market, as geographical 

indications function as a mechanism for 

product differentiation, reputation building, 

and price premium generation (Agostino and 

Trivieri, 2014; EU Wine Market Observatory, 

2024) [1, 10]. The structure of wine 

production in the EU in 2022 showed a 

dominant share of PDO wines ï 75.6 million 

hl, followed by PGI wines ï 33.9 million hl, 

varietal wines ï 10.6 million hl, and other 

wines ï 38.9 million hl (CEEV, 2024) [5]. 

The use of geographical indications has also 

served as a mechanism for protecting 

production in traditional wine-growing 

regions within the Union (Martínez-Arnáiz et 

al., 2022; Todorova, 2025) [15, 28]. In the 

context of ensuring a stable supply of wine 

grapes with the required quality parameters 

for PDO and PGI wine production, European 

countries with well-developed viticulture and 

mailto:vachevska_d@abv.bg
mailto:ybelberova@ive.bg
mailto:nikolay_iliev@ive.bg
mailto:nikolay_genov@ive.bg
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wine sectors have relied to a large extent on 

vertical integration along the supply chain. 

This type of organization has created 

conditions for improved profitability of wine 

grape producers, particularly for smaller 

farms, depending on vineyard size and 

economic scale (Montaigne and Coelho, 2012; 

Castriota, 2020; Corsi et al., 2023; Pacifico et 

al., 2025) [20, 4, 6, 22].  

Viticulture in Bulgaria can be defined as a 

highly competitive sector, due to the large 

number of economic entities, with a 

predominant share of small-scale farms 

(Borisov et al., 2023) [2]. In the context of 

negative trends associated with the continuous 

decline in harvested vineyard areas, as well as 

the decrease in grape and wine production, the 

question has arisen regarding the position of 

wine grape producers within the overall 

organization of the wine supply chain and 

their bargaining power. In this regard, the 

analysis of the wine grape market provides 

insight into the key relationships, 

interdependencies, and challenges faced by 

one of the crucial segments of the value chain 

ï wine grape producers. 

The aim of this study was to examine the 

main characteristics of the Bulgarian wine 

grape market, while identifying the 

opportunities for maintaining the stability of 

production.  
 

MATERIALS AND METHODS  

 

This study focused on the role and position of 

wine grape production within the overall 

organization of the wine supply chain in 

Bulgaria. A framework of interrelationships 

across the different segments of the chain has 

been developed based on induction and 

deduction methods, literature review, and 

interviews with vineyard and winery 

managers. 

The main characteristics of the wine grape 

market have been analyzed from the 

perspective of supply and demand. Trends in 

harvested vineyard areas (ha) and wine grape 

production (tons) have been identified. The 

structure of farms cultivating wine grapevine 

varieties has been examined according to their 

legal status, based on data from the 

Agricultural Census 2020. The information 

has been grouped according to the intended 

use of the produced wine grapes ï for wines 

with Protected Designation of Origin (PDO), 

for wines with Protected Geographical 

Indication (PGI), and for other wines (without 

PDO and PGI). The following indicators have 

been used: number of holdings; vineyards area 

within holdings (ha); and average physical 

size of holdings (ha per farm).  

From the demand-side perspective of the wine 

grape market, the dynamics of processed 

quantities (tons) have been examined, both in 

industrial and non-industrial conditions, as 

well as the volume of wine produced (hl).  

Producer price dynamics (EUR/kg) have been 

analyzed as a key determinant of farm 

profitability in wine grape production, and a 

comparative analysis with neighbouring 

countries, namely Greece and Romania, has 

been conducted. 

The study period was 2007-2024. The 

methods of comparative, index and graphical 

analysis, descriptive statistics, analysis of 

variance, correlation analysis and regression 

analysis were applied (Boshnakov, 2009; 

Goev et al., 2019) [3, 12]. The estimation of 

producer price fluctuations was based on the 

values of the coefficient of variation (CV, %), 

calculated as the ratio between the standard 

deviation of the prices and the average price 

for the studied period, using the following 

formula: 

CV Ϸ ρzππ

В

ρzππ é(1)  

where: 
SD ï standard deviation, 

ὖ- average producer price of wine grapes for 

the studied period. 

Sources of primary data were Eurostat [11], 

the Ministry of Agriculture and Food (MAF) 

[16, 17, 18, 19], the Agrostatistics 

Department, the National Statistical Institute 

(NSI) [29]. 

The level of profitability in wine grape 

production is an indicator of the sectorôs 

attractiveness and a partial measure of future 

expectations. For the purposes of the analysis, 

data from an experiment conducted in 2025 

have been used. The experiment was carried 
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out in an experimental vineyard planted with 

the red wine grapevine variety Rubin and the 

white wine grapevine varieties Misket 

kailashky and Muscat Ottonel, located at the 

Experimental Base of the Institute of 

Viticulture and Enology ï Pleven. The 

method of economic evaluation has been 

applied, including the following indicators: 

- average yield (kg/ha) - The average 

theoretical yield per unit area for the different 

grapevine varieties was calculated based on 

the average yield per vine in 2025, taking into 

account the vine density per unit area, i.e. 

3,130 vines per hectare; 

- gross output (EUR/ha) - The gross output 

was determined by valuing the obtained 

output at the average producer price, based on 

data from the National Statistical Institute 

(NSI) for the third quarter of 2025 (0.61 

EUR/kg); 

- production costs (EUR/ha) - The total 

production costs, including material and labor 

costs, were calculated based on average 

market prices and hourly wage rates for the 

period under study. The standard labor and 

material costs were calculated based on data 

from the Institute of Viticulture and Enology 

ï Pleven. Depreciation costs for the vineyard 

were also included in the total direct 

production costs (excluding costs related to 

organization, management, and other 

overhead activities); 

- net income (EUR/ha) ï The indicator was 

calculated as the difference between gross 

output and direct production costs;  

-prime cost (EUR/kg) ï The indicator was 

calculated as the ratio between production 

costs and average yield; 

-profitability rate (%) ï The indicator was 

calculated as the ratio between net income and 

production costs. 

 

RESULTS AND DISCUSSIONS 

 

Wine grapes production accounted for a major 

share of total grape production in Bulgaria 

(92.2% of total output in 2024). The long-

term trend indicated a continuous decline, 

with production amounting to 341,818 tons in 

2007 and decreasing to 124,161 tons in 2024 

(Figure 1). The reduction was substantial ï 

63.7%, mainly resulting from the decrease in 

harvested vineyard areas within farms. A 

comparative analysis showed that the total 

area of vineyards planted with wine grapevine 

varieties decreased by 44,770 ha in 2024 

compared to 2007, indicating limited 

entrepreneurial interest in the sector. The 

dynamics of average yields showed a certain 

degree of stability, with the average level for 

the period 2013ï2019 (5,840 kg/ha) 

exceeding that for 2007ï2012 (4,701 kg/ha). 

A large share of the depreciated and 

inefficiently managed vineyard areas was 

abandoned, but the data indicated the need for 

investments in vineyard renewal. The problem 

was particularly pronounced under conditions 

of climate change, as prolonged periods of 

drought and irregular precipitation negatively 

affected production stability. The lower levels 

of average yields from vineyards with wine 

grapevine varieties in 2023 (5,165 kg/ha), and 

especially in 2024 (4,843 kg/ha), reflected the 

negative impact of high temperatures and 

severe drought. The introduction of new 

grapevine varieties resistant to stress factors, 

as well as the use of varieties adapted to local 

conditions, represents one of the possible 

approaches for improving the economic 

performance of farms in terms of average 

yields, grape production, and wine output 

(Popescu, 2019) [25]. 

 

Fig. 1. Dynamics of vineyards with wine grapevine 

varieties and wine grapes production during the period 

2007-2024 

Source: Ministry of Agriculture and Food (2025), 

Ministry of Agriculture and Food (2025a) [18, 19]. 

 

In addition to the challenges associated with 

climate change, wine grape and wine 
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production in the country developed under 

conditions of market changes driven by 

changes in the global wine market. The 

observed persistent decline in global 

consumption of red wines over the past fifteen 

years (OIV, 2023) [21] has raised concerns 

regarding the sustainable functioning of the 

Bulgarian viticulture and wine sector. Red 

wine grapevine varieties traditionally 

dominate the varietal structure of vineyards 

for wine grape production, which is 

determined by the favorable soil and climatic 

conditions in the country, particularly in the 

wine-growing regions of Southern Bulgaria 

(Roychev, 2012) [26]. In 2024, their share in 

the total harvested vineyard area amounted to 

60.4% (15,493 ha), compared to 39.6% 

(10,145 ha) for white wine grapevine 

varieties. 

Vineyards represent a long-term asset with a 

long productive lifespan, which constitutes a 

limiting factor with regard to the adaptive 

capacity of viticultural holdings. At the same 

time, wine producers have been required to 

respond adequately to market changes in order 

to limit potential losses of markets and market 

niches. As a result, the share of white wine 

production in total wine output has gradually 

increased, reaching 59.2% in 2024 (375,612 

hl), compared to 40.8% (259,038 hl) for red 

wines (MAF, Agricultural Report, 2025) [16].  

It is unfavorable that the overall trend in wine 

production in the country has indicated a 

significant decline, which has been much 

more pronounced in red wines ï by 63.7% in 

2024 compared to 2007. The decrease in 

white wine production over the same period 

has amounted to 40.0%. The negative 

dynamics in wine production have been 

directly associated with the decline in exports, 

while the reasons for the loss of market 

positions in the international wine market 

have been complex and have largely stemmed 

from strong competition, wine quality, 

product assortment, branding, and product 

positioning ( Dimitrova and Dimitrov, 2025) 

[8].  

Wine market conditions determine the 

interactions between grape producers and 

wine producers with regard to the supply and 

processing of wine grapes within the overall 

framework of the wine supply chain (Figure 

2). 

 

 
Fig. 2. Mapping the wine supply chain in Bulgaria 

Source: Created by authors. 

 

Grape production constitutes the initial stage 

of the wine supply chain. A large number of 

economic entities produced grapes without 

possessing processing facilities. On the other 

hand, most wineries have relied on their own 

vineyard areas for the main part of their 

production activities. Official data showed 

that in 2020, a total of 13,869 holdings 

cultivating vineyards with wine grapevine 

varieties operated in the country (MAF, 2023) 

[17]. A significant differentiation in the 

structure of viticultural holdings was 

observed, both in terms of their legal status 
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and with regard to their size and specialization 

in wine grape production. Natural persons 

dominated the total number of economic 

entities, accounting for 93%, but they 

managed a relatively small share of vineyard 

areas ï 10,267 ha (32.5%) (Table 1). The 

majority of these producers cultivated grapes 

intended for processing into wines without 

geographical indication, which indicated a 

lower degree of specialization and market 

orientation. 

At the opposite end were commercial 

companies, which managed the largest share 

of the total vineyard area planted with wine 

grapevine varieties (51.9%). They played a 

key role in the production of raw material for 

processing into PGI wines (7,914 ha) and 

PDO wines (1,483 ha), with a large proportion 

of them possessing established processing 

facilities. It is evident that these entities are 

primarily oriented towards the production of 

wines with higher added value. It should be 

noted that within the overall structure of 

viticultural holdings, vineyard areas intended 

for the production of grapes for PDO wines 

(2,317 ha) and PGI wines (10,466 ha) 

accounted for 40.5% of the total vineyard area 

within holdings, which partly explained the 

difficulties in maintaining stable market 

positions of the wine sector. 

 
Table 1. Number of holdings and areas of vineyards by legal status and direction of wine grapes production in 2020 

Legal status of the farm 

Vineyards for wine grapes production 

 

Total 

of which for wines with 

protected designation of 

origin (PDO) 

of which for wines with 

protected geographical 

indication (PGI) 

of which for other wines 

(without PDO/PGI) 

Holdings  

(number) 

Area 

(ha) 

Holdings  

(number) 

Area 

(ha) 

Holdings  

(number) 

Area 

(ha) 

Holdings  

(number) 

Area 

(ha) 

Total 13,869 31,599 446 2,317 409 10,466 13,129 18,815 

Natural persons 12,899 10,267 359 341 172 1,032 12,408 8,894 

Sole traders 137 2,741 9 175 29 1,044 112 1,521 

Co-operatives 65 2,002 4 c 5 c 58 1,227 

Companies 750 16,392 73 1,483 201 7,914 535 6,995 

Civil associations and 

others 
18 197 1 c*  2 c 16 178 

*c ï confidential information 

Source: Ministry of Agriculture and Food (2023) [17]. 

 

Sole traders and cooperatives accounted for a 

significantly smaller share, both in terms of 

number and vineyard area. In both types of 

organizational structures, the majority of 

vineyard areas were allocated to the 

production of grapes for wines without 

geographical indications ï 1,227 ha (61.3%) 

in cooperatives and 1,521 ha (55.5%) in sole 

trader holdings. 

Data on the average physical size of holdings 

confirmed the significant concentration of 

vineyard areas in larger organizational 

structures (Table 2). The average size of 

vineyards planted with wine grapevine 

varieties per holding was 2.28 ha, indicating 

the predominance of small-scale farms. 

Among natural persons, the average size was 

only 0.80 ha, clearly illustrating the small-

scale nature of this group of wine grape 

producers.  

 

Significantly larger average vineyard sizes 

were observed in cooperatives, commercial 

companies, and sole traders, amounting to 

30.80 ha, 21.86 ha, and 20.00 ha, respectively. 

When analyzed by production orientation, the 

highest degree of land consolidation was 

observed in vineyard areas intended for the 

production of grapes for PGI wines, 

amounting to 39.37 ha in commercial 

companies and 36.00 ha in sole trader 

holdings, as well as for PDO wines, 

amounting to 20.32 ha in commercial 

companies and 19.44 ha in sole trader 

holdings. This suggested a tendency towards 

better integration into the market for quality 

wines among these types of organizational 

structures. A proportion of sole traders 

consisted of family-run holdings that invested 

in product differentiation (primarily in terms 

of grapevine varieties) and in the production 

of high value-added products as a means of 

achieving economic viability. 
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Table 2. Average area under vines (ha per holding) 

Legal status 

of the farm 
Total 

for wines 

with 

protected 

designatio

n of origin 

(PDO) 

for wines 

with 

protected 

geographical 

indication 

(PGI) 

for other 

wines 

(without 

PDO/PGI) 

Total 2.28 5.20 25.59 1.43 

Natural 

persons 
0.80 0.95 6.00 0.72 

Sole traders 20.00 19.44 36.00 13.58 

Co-

operatives 
30.80 c c 21.16 

Companies 21.86 20.32 39.37 13.07 

Civil 

associations 

and others 

10.94 c* c 11.13 

*c ï confidential information 

Source: Ministry of Agriculture and Food (2023) and 

own calculations [17]. 

 

From the perspectives of market structure, it 

can be concluded that the supply of wine 

grapes in Bulgaria was characterized by a 

high degree of fragmentation, with a 

significant share of production being provided 

by a large number of small-scale farms with 

limited economic capacity and, consequently, 

weak bargaining power in the market. In this 

context, Borisov et al. (2023) [2] identified 

commercial intermediaries as a key link 

facilitating the relationship between grape 

producers and processing enterprises. In 

recent years, however, a trend towards a 

declining role of intermediary structures has 

been observed. This process has been driven 

both by the significant reduction in the 

number of vineyard holdings managed by 

natural persons largely as a result of 

unfavorable demographic processes in rural 

areas and by changes in market conditions in 

the wine sector. Under conditions of strong 

competition in the wine market, a number of 

small and medium-sized wineries have 

increasingly relied on product differentiation 

and diversification of their product range, 

which has required better control over the 

quality and origin of raw materials (Dimitrov 

and Dimitrova, 2025) [7]. This has often been 

achieved through direct contracting of wine 

grape supplies between producers and 

wineries, which has gradually reduced the 

importance of intermediaries. 

Another important structural characteristic of 

the wine grape market is the number and 

concentration of buyers. Data presented in the 

accompanying document entitled ñThe 

Viticulture and Wine Sector in Bulgaria in the 

Period 2015ï2020,ò attached to the draft 

ñStrategy for the Development of the 

Viticulture and Wine Sector in Bulgaria for 

the Period 2022ï2027,ò discussed in 2022, 

showed that as of 31 August 2021, a total of 

327 wine producers were registered in the 

country. Of these, 138 operated their own 

vineyard holdings, 125 maintained contractual 

relationships or were affiliated with grape 

producers, and 65 purchased raw materials 

annually without prior contractual 

arrangements. According to official data from 

the Executive Agency on Vine and Wine 

(EAVW) [9], the number of registered 

wineries in 2025 amounted to 362, however, 

no information was available regarding the 

channels of raw material procurement. Given 

the significantly smaller number of wine 

producers compared to the number of 

vineyard holdings, it can be concluded that the 

wine grape market was characterized by 

relatively stronger bargaining power on the 

side of buyers. This, in turn, determined their 

substantial influence on market conditions and 

price formation in the wine grape market. 

A limitation to conducting an in-depth 

empirical analysis was the lack of detailed 

information on the quantities of wine grapes 

purchased by wineries. This deficiency of 

statistical data hindered the precise 

assessment of the volume and structure of raw 

material trade, as well as the degree of market 

concentration in the buying grapes segment. 

Nevertheless, the assessment of product flow 

movements along the ñraw material 

productionïprocessingò chain allowed the 

main characteristics of the market situation to 

be outlined.  

The dynamics of wine grapes production and 

processing over the period 2007ï2024 

outlined significant transformations, 

particularly with regard to the scale of the raw 

material base, which may have affected the 

functioning of the wine grape market. The 

analysis of the ratio between produced 

quantities and their subsequent processing 

provided some insight into market structure 

and the interaction between producers and 

processors. During the period 2007ï2012, the 

average annual production of wine grapes 
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amounted to 272,018 tons, with 

approximately 66.4% of the produced output 

being directed towards industrial processing 

(Table 3). Processing under non-industrial 

conditions accounted for a relatively 

significant share ï 19.6%, while 14.0% of the 

raw material was used for the production of 

other products. The relatively high share of 

non-industrial processing could be interpreted 

as an indicator of weaker integration of a 

segment of wine grape producers into the 

market supply chain. 

During the subsequent period 2013ï2018, the 

average quantity of produced raw material 

decreased by 23.9%, while the decline in 

quantities processed under industrial 

conditions was relatively modest ï 4.1%. The 

share of industrial processing in total wine 

grape production reached 83.8%, while the 

share of non-industrial processing declined to 

13.3%. This dynamic could be interpreted as 

an indicator of a gradual strengthening of 

vertical integration, as well as the increasing 

role of organized channels for the marketing 

of raw materials. 

During the six-year period from 2019 to 2024, 

wine grape production continued to decline, 

with the impact of climate change becoming 

increasingly evident. The average quantity of 

produced output for the period under review 

amounted to 54.1% of the average level for 

2007ï2012. At the same time, a more 

pronounced decline was observed in 

industrially vinified grapes, which decreased 

by 34.5% compared to the average level for 

the previous six-year period. In contrast, 

processing under non-industrial conditions 

increased by 14.2%, while its share of total 

wine grape production reached an average of 

21.4%. 

 
Table 3. Dynamics of wine grapes production, processed quantities and wine produced during the period 2007-2024 

Years/Periods 

Produced wine 

grapes  

(tons) 

Industrial 

vinification  

(tons) 

Non-industrial 

vinification 

(tons) 

Produced wine ï

industrial  

(hl) 

Produced wine  

ï non-industrial 

(hl) 

Total produced 

wine  

(hl) 

2007 341,818 200,823 123,316 1,339,536 415,412 1,754,948 

2008 345,650 203,447 46,444 1,378,937 227,436 1,606,373 

2009 255,257 181,926 42,352 1,215,803 181,593 1,397,396 

2010 210,398 148,454 50,643 992,821 194,471 1,187,292 

2011 228,451 157,945 33,136 1,049,797 138,674 1,188,471 

2012 250,533 191,923 23,825 1,271,711 104,788 1,376,499 

Average 2007-

2012 
272,018 180,753 53,286 1,208,101 210,396 1,418,479 

2013 304,452 249,637 34,272 1,724,469 158,937 1,883,406 

2014 124,216 103,521 10,808 746,951 48,078 795,029 

2015 244,357 195,860 42,176 1,310,149 200,748 1,510,897 

2016 199,547 173,503 26,765 1,207,785 126,196 1,333,981 

2017 186,131 165,818 24,327 1,079,896 113,195 1,193,091 

2018 182,569 151,938 27,029 1,040,650 129,536 1,170,186 

Average 2013-

2018 
206,879 173,380 27,563 1,184,983 129,448 1,314,432 

2019 164,878 129,311 30,558 857,375 147,497 1,004,872 

2020 146,221 114,336 29,542 756,225 135,792 892,017 

2021 164,784 127,446 34,448 837,467 157,447 994,914 

2022 147,948 114,946 30,839 746,683 141,837 888,520 

2023 135,409 100,803 35,112 675,740 168,695 844,435 

2024 124,161 94,685 28,360 634,649 128,661 763,310 

Average 2019-

2024 
147,234 113,588 31,477 751,357 146,655 898,011 

2013-18/2007-

12 (%) 
76.1 95.9 51.7 98.1 61.5 92.7 

2019-24/2013-

18 (%) 
71.2 65.5 114.2 63.4 113.3 68.3 

2019-24/2007-

12 (%) 
54.1 62.8 59.1 62.2 69.7 63.3 

Source: Ministry of Agriculture and Food (2008-2025) and own calculations [16]. 

 

The data indicated a deterioration in market 

conditions for wine grape producers in terms 

of demand and producer price levels. Changes 

in the wine market, and in particular the 

difficulties in selling of red wines, affected the 

demand for raw materials and led to a 

contraction in production in wineries, which, 

in turn, resulted in an increase in wine 
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production under non-industrial conditions. 

On the other hand, the decline in wine grape 

production may have led to increased 

competition among wine producers for 

securing raw materials, which in certain years 

could have improved market conditions for 

vineyard owners. Nevertheless, due to the 

fragmented nature of production and the 

limited market coordination among producers, 

the bargaining power of grape growers 

remained relatively weak. 

Producer price levels represented another 

important characteristic of the wine grape 

market. The data presented in Figure 3 

illustrated the movement of price levels over 

the period 2007ï2024.  
 

 
Fig. 3. Dynamics of producer prices during the period 

2007-2024, EUR/kg 

Source: Eurostat, 

https://ec.europa.eu/eurostat/databrowser/view/apri_ap

_crpouta/default/table?lang=en [11]. 

 

The observed dynamics showed that until 

2019, Bulgarian prices remained relatively 

stable, within the range of 0.24 EUR/kg to 

0.32 EUR/kg. After 2020, an upward trend in 

price levels emerged, driven by inflationary 

processes, rising fuel prices, and increasing 

input costs, which led to higher production 

costs in farms. 

The dynamics of producer prices for wine 

grapes in Bulgaria, Romania, and Greece 

showed similar fluctuation patterns, driven 

both by changes in raw material production 

and by the specific characteristics of market 

conditions. A very small share of wine grapes 

produced in the country was subject to 

international trade, with exported quantities 

typically ranging between 130 and 180 tons, 

and imported quantities between 500 and 

1,200 tons. 

According to the results of the descriptive 

statistics (Table 4), the average levels of 

producer prices for wine grapes were lowest 

in Bulgaria, ranging between 0.24 EUR/kg 

and 0.39 EUR/kg, with a mean value of 0.31 

EUR/kg. In Romania, the price range was 

wider ï between 0.24 EUR/kg and 0.48 

EUR/kg, with an average value of 0.35 

EUR/kg, while in Greece the highest price 

levels were observed ï between 0.27 EUR/kg 

and 0.57 EUR/kg, with an average level of 

0.43 EUR/kg. 

 
Table 4. ɸnalysis of the variation of producer prices of 

wine grapes during the period 2007-2024 

Indicator  n R Pmin Pmax ╟ SD 
CV 

(%)  

Producer price 

(Bulgaria), 

EUR/kg 

18 0.15 0.24 0.39 0.31 0.036 11.8 

Producer price 

(Romania), 

EUR/kg 

18 0.24 0.24 0.48 0.35 0.062 17.8 

Producer price 

(Greece), 

EUR/kg 

18 0.30 0.27 0.57 0.43 0.074 17.1 

Source: own calculations with MS Excel 

R ï range of variance, Pmin ï minimum price, Pmax ï 

maximum price. 

 

The values of the coefficient of variation 

indicated a low degree of fluctuation in all 

three countries, with the lowest price 

variability observed in Bulgaria (11.8%). The 

price dynamics in the country showed that 

prices were formed under a stronger influence 

of the processing sector and under more 

limited market competition among buyers. In 

order to assess the extent to which supply 

influenced changes in Bulgarian wine grape 

prices, correlation and regression analysis 

methods were applied. 

The results of the correlation analysis 

examining the relationship between producer 

price and the quantity of wine grapes 

produced indicated the presence of a 

moderately strong negative relationship 

(Table 5). An increase in wine grape 

production was associated with a tendency for 

producer prices to decline, which was 

consistent with the classical principles of 

market equilibrium between supply and 

demand. The relatively high value of the 
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correlation coefficient (r = ï0.594) indicated 

that production volume was an important 

factor in the formation of producer prices. 
 

Table 5. Correlation between the quantity of production 

and the level of producer price 
 Production, 

thousand tons 

Producer price, 

BGN/kg 

Production 

(thousand tons) 

1  

Producer price 

(BGN/kg) 

-0.59426 1 

Source: own calculations with MS Excel. 

 

The presence of an inverse relationship 

between the two variables was also confirmed 

by the results of the conducted linear 

regression analysis (r = 0.594) (Table 7).  
 

Table 6. Assessment of the adequacy of the linear 

regression model 

 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Regression 0.0078 1 0.0078 8.735 0.0093 

Residual 0.0142 16 0.0009   

Total 0.0220 17    

Source: own calculations with MS Excel. 

 

The regression model was statistically 

significant (sig = 0.0093 < 0.05 = Ŭ), 

indicating that the independent variable wine 

grape production had a statistically significant 

effect on the formation of producer prices, 

although it did not fully explain their 

dynamics (Table 6). 
 

Table 7. Values of measures of dependence 
R R Square Adjusted R 

Square 

Std. Error  of 

the Estimate 

0.594 0.353 0.313 0.029 

Note: Thʝ independent variable is production, thousand 

tons. 

Source: own calculations with MS Excel. 

 

The value of the coefficient of determination 

(R² = 0.353) indicated that approximately 

35.3% of the variation in producer prices 

could be explained by changes in production 

volume. This implied that, although 

production was a significant factor in price 

formation, a substantial part of price 

fluctuations was determined by other 

economic and market factors, such as demand 

from wine producers, harvest quality, climatic 

conditions, and overall market conditions in 

the wine sector. 

An important aspect in the context of long-

term negative trends in grape and wine 

production was the assessment of profitability 

from production activities, determined based 

on the average producer price. The results of 

the economic evaluation were obtained from a 

case study involving the cultivation of 

vineyard plantation of the red wine grapevine 

variety Rubin and the white wine grapevine 

varieties Muscat Ottonel and Misket 

kailashky. The main technological operations 

vine pruning and harvesting were performed 

manually. The data presented in Table 8 

showed low levels of net income (ranging 

between 370 EUR/ha and 1,130 EUR/ha), 

respectively low profitability rates across all 

three levels of average yield determined by 

varietal characteristics between 9.3% and 

27.3%. 

 
Table 8. Economic results of wine grape production 

from the wine grapevine varieties Rubin, Muscat 

Ottonel and Misket kailashky in 2025 
Indicators Rubin variety Muscat 

Ottonel 

Misket 

kailashky 

Average 

yield, kg/ha 

7105 7806 8634 

Gross 

output, 

EUR/ha 

4334 4761 5267 

Production 

costs, 

EUR/ha 

3964 4058 4137 

Net income, 

EUR/ha 

370 703 1130 

Prime cost, 

EUR/kg 

0.56 0.52 0.48 

Profitability 

rate, % 

9.3 17.3 27.3 

Source: own calculations based on data from a field 

experiment. 

 

Under these price conditions, it was likely that 

many wine grape producers, particularly 

small-scale farms, were under strong pressure 

to maintain low production costs, which in 

some cases led to a deterioration in both the 

quantitative and qualitative parameters of the 

obtained output. For the sake of analytical 

accuracy, it should be noted that these data 

referred to the official statistical information 

on the average national price level for the 

period JulyïSeptember, when the harvest of 

the three varieties was carried out under the 

conditions of the Pleven region, located in 

Northern Bulgaria. 

Price levels often varied across different 

regions of the country depending on supply 

volumes, the ripening period of grapes, and 
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demand from wineries. A specific feature of 

the Bulgarian grape market in recent years has 

been the stronger demand for grapes from 

white wine grapevine varieties, which has 

determined their higher producer prices. In 

particular, in 2025, unfavorable climatic 

conditionsðsharp weather fluctuations during 

the spring months, including a critical cold 

spell between 7 and 10 April, and prolonged 

periods of drought (EAVW, 2026) [9]  

negatively affected harvest volumes, which 

led to a more pronounced increase in producer 

prices. In Northern Bulgaria, at the beginning 

of the harvesting campaign, producer prices 

for white wine grapes reached up to 1.00 

EUR/kg. Unfortunately, official statistics did 

not provide information on the differentiation 

of producer prices according to varietal 

characteristics. Nevertheless, the data 

presented in Table 8 demonstrated the 

stronger position of wineries in determining 

price conditions, which for a proportion of 

grape producers were unfavorable and led to 

an increase in the quantity of grapes processed 

under non-industrial conditions, as well as to 

the withdrawal from economic activity. The 

obtained results were consistent with the 

findings of Kirechev (2024) [14], according to 

which net income without subsidies in farms 

specialized in grape production during the 

period 2007ï2022 was highly variable and 

even negative in certain years. According to 

the author, farm performance was strongly 

dependent on the level of public support.  

According to Castriota (2020) [4], producers 

who chose to sell grapes as raw material had 

to accept lower remuneration. The same study 

indicated that small-scale producers were 

highly dependent on wineries. Vertical 

integration of grape producers along the value 

chain represented an opportunity to improve 

their market position and farm profitability. 

Corsi et al. (2023) [6] noted that this was a 

preferred option among producers of quality 

wines, as it allowed for greater control over 

both the individual stages of wine grape 

production and the subsequent stages of 

winemaking. The authors emphasized the 

significant share of cooperatives in leading 

European wine-producing countries, noting 

that in Italy approximately half of total grape 

production was processed in cooperative 

wineries, in France ï 37%, in Spain ï 60%, 

and in Germany ï 33%. Despite the proven 

advantages of the cooperative model in 

countries with well-developed viticulture and 

wine sectors, this type of vertical integration 

had limited application in Bulgaria. The 

reasons could be explained by a combination 

of historical, institutional, and economic 

factors. The characteristics of the wine grape 

market in the country clearly defined the 

unfavorable position of grape growers, which 

required the identification of an appropriate 

and effective model, adapted to national 

specificities, to improve the overall 

functioning of the wine supply chain.  

 

CONCLUSIONS 

 

The results of the conducted analysis 

indicated a long-term downward trend in wine 

grape production in Bulgaria, leading to a 

contraction of the raw material base and 

creating significant challenges for the 

sustainable development of the sector. This 

dynamic was driven both by the reduction in 

harvested vineyard areas and by the impact of 

climate change and changes in the market 

environment. 

The structure of production was characterized 

by a high degree of fragmentation and a 

dominant share of small-scale farms, which 

limited their market power and their ability to 

negotiate favorable price conditions. At the 

same time, larger organizational structures, 

primarily commercial companies, 

concentrated a significant share of vineyard 

areas and were more strongly oriented 

towards the production of higher value-added 

wines (PDO and PGI). 

The analysis of the supply chain showed that 

vertical integration between grape producers 

and wine producers remained limited. Due to 

the smaller number of wineries compared to 

vineyard holdings, a stronger bargaining 

position was formed on the side of buyers, 

which exerted a significant influence on 

market conditions and price levels. 

Industrial processing remained the main 

channel for the utilization of wine grapes, 

however, in recent years, a relative increase in 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

219 

quantities processed under non-industrial 

conditions was observed. This was associated 

with difficulties in selling grapes and a 

weakening of demand from wine producers in 

the context of changes in the wine market. 

Producer price levels in Bulgaria were lower 

compared to those in neighboring countries. 

The dynamics of prices indicated relatively 

low variability, influenced by the stronger 

bargaining power of buyers. Annual 

fluctuations in production volumes explained 

35.3% of the variation in price levels, while a 

number of other factors also exerted 

influence, including demand from wine 

producers, harvest quality, and overall market 

conditions in the wine sector. 

The relatively low levels of profitability in the 

sector placed wine grape producers under 

pressure to reduce production costs, often at 

the expense of both the quantity and quality of 

output. 

Maintaining a stable production of high-

quality wine grapes required improvements in 

contractual relationships, the development of 

vertical integration, and the implementation of 

appropriate financial and institutional 

measures tailored to the specific 

characteristics of the national sector. 
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Abstract 

 

This article presents an approach for determining and analyzing the price dynamics of dessert grapes and wine 

grapes in Bulgaria for the period 2018-2024. Information concerning the two types of grapes is searched from the 

built relational database. The number of the agricultural products stored in the database is 41.The extracted sets of 

elements related to the listed two types of grapes are processed and analyzed. For this purpose, the respective set of 

variables must be calculated. This study also uses hierarchical cluster analysis for the indicated data. The results 

show that the pace of growth in the price per ton of the dessert grapes is significantly faster in 2019-2021. The 

increase in the indicator is 25.47% for the first of the examined year, 20.64% for the second and 16.31% for the 

third, respectively. Moreover, the growth pace of the mentioned indicator is relatively slower for this product in the 

time segment 2022-2024.During 2019, compared to 2018, the price per ton of wine grapes decreased by 8.32%.A 

similar case is observed in 2021, where the decline is about 3.07%.But, the values of the researched indicator for 

the mentioned product increase in the time segment 2022-2024, as well as in 2020.Grouping the years with relation 

to the values of the examined indicator (price per ton) led to the formation of three clusters for dessert grapesand 

two clusters for wine grapes. This approach could also be used when studying data in areas such as finance, 

agriculture, ecology, etc. 

 

Key words: approach, analysis, database, dessert grapes, wine grapes 

 

INTRODUCTION  

 

In modern society, it is particularly 

importantfor both managers and farmers to 

make adequate and timely decisions [6, 18] 

regarding the successful management and 

functioning of the respective business [21, 1]. 

Information technologies provide powerful 

tools [20, 3] for processing of data from 

various fields [17, 2, 22]. According to 

Holloway and and Mengersen [7] ñThere are 

many approaches to analyzing time series 

dataò [7]. The study of Sevilla et al. [16] notes 

also that ñDue to the increasing use of data 

analytics, information visualization is getting 

more and more importantò [16]. Some of 

these issues are considered in this study. 

The data related to prices per ton of some 

agricultural products are extracted from the 

website of the National Statistical Institute 

(NSI)of Bulgaria [11], [12]. The information 

about the indicated objects is presented in xlsx 

files. The examined elements from these files 

are organized and saved into a built relational 

database. The quoted database contains the 

following tables: 

- Continent (Id_1, name); 

- Country(Id_2, country, Id_1); 

- Elements(Id_3, element, Id_2); 

- Values(Id, years, prices (BGN), unit, Id_3). 

The Continent table is related to the 

Countrytable.TheElements table is related to 

the Valuestable.TheCountry table is related to 

the Elementstable. The created relationships 

between the listed tables are of type one-to-

many.Information concerning two of the 

products(dessert grapes and wine 

grapes)stored in the database is the subject of 

research in this work. 

It should be pointed out that one of the 

activities, that is of great importance [15, 9] 

for some countries is wine production [15, 

14]. Miteva and Kanchev (2017) [10] indicate 

that ñthe existing forms of organization of 

wine production and trade have a direct 

impact on the development of the rural areas 

in which they are locatedò [10]. In addition, 

the price variation [4] of grapes is to some 
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extent also related to the purchasing power of 

individual consumers. 

The aim of this article is to present an 

approach for determining and analyzing the 

price dynamics of dessert grapes and wine 

grapes in Bulgaria for the time interval from 

2018 to 2024. 

 

MATERIALS AND METHODS  

 

Approach description: The presented database 

contains information concerning forty-one 

agricultural products.It should be pointed out 

here that the Elements table contains the 

names of the respective products. The 

Country table includes the name of the studied 

country, and the Values table stores the price 

per ton of each product over the examined 

seven-year period. This work studies and 

analyzes the price per ton of two of the 

mentioned products. In this case, these are 

dessert grapes and wine grapes (Fig.1). 

 

 
Fig. 1 Information about the two examined products 

organized in database tables 

Source: Data fromNSI [11, 12] 
 

The information for the two listedobjects is 

searched from the four tables of the database. 

Users can track the individual values of the 

researched indicator (price per ton) for dessert 

grapesduringthe indicated interval 2018-2024 

(Fig. 1). In a similar way,the data for the other 

examined object - wine grapes can be 

visualized from the related tables Country, 

Elements and Values.Furthermore, users can 

also use different queries. As a result, the 

values of the indicator (price per ton) for the 

two studied grape types are visualized for a 

selected year of the time segment. 

In order to determine and analyze the 

dynamics of the studied indicator for the two 

types of grapes, the following variables must 

be calculated: 

- 100
1

.100*11 -= ++

q

qq
p

pN  

where: 
1+qN  - percentage change in the price 

per tonof dessert grapes for the current year 

towards the previous year, 

1+qp and
qp  -price per tonof dessert grapes for

1+q  and q  year, 61 <=<=q ; 

- 100
1

.100*11 -= ++

q

qq
w

wj  

where:
1+qj  - percentage change in the price 

per ton of wine grapes for the present year 

towards the preceding year, 

1+qw  and
qw  -price per ton of wine grapes for

1+q  and q  year; 

- The difference- 
1+qF  

qqq ppF -= ++ 11
, 

- The difference- 
1+qZ  

qqq wwZ -= ++ 11
; 

- 100
1

..100 -=
q

qq
w

pB  

where: 
qB - percentage change in the price per 

ton of dessert grapes towards the wine grapes 

for a given year, 71 <=<=q . 

This work also uses hierarchical cluster 

analysis [13], [19], [8]. As a result, the 

grouping [5] of the examined years depending 

on the values of the considered indicator 

(price per ton) for each of the products 

(dessert grapes and wine grapes)is shown. 

 

RESULTS AND DISCUSSIONS 

 

The presented comparative analysis shows 

that the price per ton of the first product 

(dessert grapes) continuously increases in 

each year of the time segment. The situation 

for the second agricultural product (wine 

grapes) is different.In two years of the period 

(2019 and 2021), a decline in the indicator 

values is observed, as can be seen from the 

diagram presented in Fig. 2.Summarizing the 

results related to the variable 
1+qN , two 

subintervals can be considered. 
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Fig. 2. The dynamics of the studied prices per ton for the two products during the considered interval 

Source: Data from NSI [11, 12]. 
 

The first of them includes the years 2019-

2021. Here, the pace of growth in the price 

per ton of the studied product dessert grapes is 

significantly faster (Fig. 3). In the first of the 

listed years, the increase in the indicator is 

25.47%, for the second 20.64% and for the 

third 16.31%, respectively. The second 

subinterval contains the next three years 2022-

2024. In the indicated segment, the growth 

pace is relatively slower.The calculations 

show that the price per ton of dessert grapes 

goes up by 5.49%, 9.79% and 8.23%, 

respectively for each of the listed years.The 

second surveyed variable
1+qj  has negative 

values in 2019 and 2021. Therefore, for the 

first of the mentioned years 2019, compared 

to 2018, the price per ton of wine grapes 

decreased by 8.32%.The case is similar in 

2021, but here the decline in the indicator is 

about 3.07%.For the other years from the time 

segment, the values of 
1+qj are positive. The 

price per ton of the second product (wine 

grapes) increased by 19.48% in 2020 

compared to 2019.In addition, an increase in 

the studied indicator is also observed over the 

last three years of the examined time period.It 

is 3.77% in 2022, 10.12% in 2023, and 6.02% 

in 2024, as shown in Fig. 3.Analyzing the 

obtained values of the variable 
1+qF for dessert 

grapes, it is found that in the last three years 

of the time segment they are much lower than 

these values in the other studied years. 

 

 
Fig. 3. The obtained results about the examined variables 

1+qN and
1+qj related to the examined products 

Source: Own calculations on the basis of data from NSI [11, 12]. 

 

The mentioned values vary in the range from 

approximately 144 BGN to 53 BGN. It should 

be pointed out that the variable 
1+qZ for the 
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other examined product (wine grapes) has the 

highest value in 2020. It is around 106 BGN. 

The lowest value was calculated during 

2019.The present work calculates the 

percentage change (
qB ) in the price per ton of 

dessert grapes towardsthe wine grapes for 

each year of the considered time interval. 

Only in 2018 the indicator value for dessert 

grapes is 6.72% lower than that for wine 

grapes.Over the next two years, 2019 and 

2020,the calculations show that the price per 

ton of dessert grapes is 27.66% and 28.92% 

higher, respectively, than the price per ton of 

wine grapes.The period 2021-2024 is 

characterized by much higher values of the 

studied indicator for dessert grapes.For each 

of the four listed years, the price per ton of 

dessert grapes is over 54% higher than that for 

wine grapes, as can be seen from Fig.4.  

 

 
Fig. 4. Percentage change of the investigated variable 

qB in the time period2018-2024 

Source: Own calculations on the basis of data from NSI [11, 12]. 

 

 
Fig. 5. Grouping the years depending on the indicator 

values for dessert grapes 

Source: Own calculations on the basis of data from NSI 

[11, 12]. 

 

This study also uses hierarchical cluster 

analysis for the mentioned data related to 

these two considered products.Grouping the 

years based on the values of the surveyed 

indicator (price per ton) for dessert grapes 

presented the following three clusters (Fig. 5): 

- Two of the studied years - 2018 and 2019 

are included in one cluster. Here, the values of 

the examined indicator are the lowest 

throughout the considered interval: 

- Two other years, in this case 2021 as well as 

2022, form a separate cluster. The year 2020 

also joins to it; 

- The years 2023 and 2024 are presented in 

one cluster. This time segment is 

characterized by the highest values of the 

considered indicator for dessert grapes. 

Grouping of years based on the values of the 

mentioned indicator (price per ton) of the 

other examined product (wine grapes) is 

presented in the dendrogram in Fig. 6. As a 

result of data processing, the following two 

clusters are formed: 
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- A separate cluster is formed by the years 

2023 and 2024; 

- The next cluster contains two sub clusters. 

The first of them includes 2020 as well as 

2022.Subsequently, the year 2021 also joins 

to it. The second sub cluster includes two 

consecutive years, in this case 2018 and 2019. 

Here, the values of the examined indicator for 

wine grapes are relatively lower. 

 

 
Fig. 6. Grouping the years depending on the indicator 

valuesforwine grapes 

Source: Own calculations on the basis of data fromNSI 

[11, 12]. 

 

CONCLUSIONS 

 

The current paper presents an approach for 

determining and analyzing the price dynamics 

of dessert grapes and wine grapes in Bulgaria 

for the time period 2018-2024. Information 

concerning these two examined objects is 

searched from the built relational 

database.The number of the agricultural 

products stored in the database is 41. The 

extracted subsets of objectsrelated to the listed 

two types of grapes are processed and 

analyzed. For this purpose, the respective set 

of variables must be calculated. This study 

also uses hierarchical cluster analysis for the 

considered data. In this regard, the grouping 

of the surveyed years depending on the values 

of the considered indicator (price per ton) for 

each of the products (dessert grapes and wine 

grapes) is presented. 

The performed comparative analysis shows 

that the price per ton of the first studied 

product (dessert grapes) continuously rises in 

the studied time interval, while a decline in 

the indicator values for the second product 

(wine grapes) is observed for two non-

consecutive years. The pace of growth in the 

price per ton of the dessert grapes is 

significantly faster in the interval 2019-2021. 

The increase in the indicator is 25.47% for the 

first of the listed year, 20.64% for the second 

and 16.31%for the third, respectively. In 

addition,the growth pace of the mentioned 

indicator is relatively slower for this product 

in the time period 2022-2024. During 2019, 

compared to 2018, the price per ton of wine 

grapes decreased by 8.32%. A similar case is 

observed in 2021, where the decline is about 

3.07%. But, the values of the researched 

indicator rise for the indicated type of grapes 

in the time segment 2022-2024 as well as 

2020.  

As a result of the performed hierarchical 

cluster analysis of the data concerning the two 

types of the studied products, the following 

conclusions can be drawn: 

- Grouping the years based on the values of 

the surveyed indicator (price per ton) for 

dessert grapes presented three clusters; 

- Grouping the years depending on the values 

of the price per ton of wine grapes formed two 

clusters. 

This approach could also be used when 

studying data in areas such as finance, 

agriculture, ecology, etc. 
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Abstract 

 

Agricultural policies have an important role in increasing wheat productivity, influencing both farmersô decisions 

and the overall performance of the agricultural sector. The study analyses the impact of agricultural policies on 

increasing wheat productivity. The main public policy instruments analysed are subsidies, financial support 

schemes, pricing policies, investment incentives, and environmental regulations. The research highlights how public 

interventions influence the adoption of modern technologies, the efficiency of input use, and agricultural 

management practices. The results show that correctly implemented agricultural policies contribute to increasing 

wheat production yields, thus reducing economic and environmental risks. At the same time, the study also 

emphasizes the fact that inconsistent implementation of agricultural policies and limited institutional support can 

restrict the potential for increasing wheat productivity. The effects of agricultural policies on the sustainability of 

production and the stability of farmersô incomes are analysed. In conclusion, the study highlights the importance of 

an integrated agricultural strategy, combining financial support with innovation and professional training, to 

ensure sustainable development of the wheat growing sector. 

 

Key words: wheat, production, agricultural policies, SE Region, Romania, EU 

 

INTRODUCTION  
 

Studying how different climatic factors 

interact and influence wheat production is 

essential when making decisions on how to 

adapt to the effects of climate change 

(Godfray et al., 2010) [11]. Strategies adopted 

to improve cereal crop productivity must be 

correlated with the type of crop used. In this 

sense, a change in temperature implies the 

adoption of a different strategy than a change 

in precipitation (Asseng et al., 2015) [3]. The 

behaviour of the wheat crop under 

temperature is particularly important for 

assessing the impact of climate change on 

wheat production, because the greatest 

uncertainty in the simulated impact on yield 

comes from increasing temperatures (Asseng 

et al., 2013) [2]. Cereals are important staple 

foods globally, directly contributing over 50% 

of total human calorie intake (Erenstein et al. 

2022; Hawkesford, 2014; Senapati et al. 

2022) [8, 14, 20]. Cereal production must 

continue to grow as demand increases, and 

both improved yields and sustainability are 

major challenges facing agriculture today. 

Nitrogen is an absolute requirement for plant 

growth, and crop yields and quality depend on 

substantial nitrogen inputs.  

Chemical nitrogen fertilizers were first used in 

agriculture in the 19th century. Today, more 

than half of chemically fixed nitrogen is used 

in agriculture, representing over 80 Mt per 

year, worldwide (Hawkesford, 2014) [14]. 

Various wheat varieties are being studied for 

their resistance to drought, high temperatures, 

and diseases.  

Production technologies are being improved, 

which allows for high wheat yields. As 

productivity per unit of cultivated area 

increases, wheat production increases 

(GŃsiorowski, 2004) [10]. Wheat production 

uses various material and energy inputs, 

including fertilizers and fuel (Vinci et al., 

2022) [22]. The large number of 

agrochemicals and fuels associated with 

global wheat production has had serious 

environmental implications since the 

Industrial Revolution and, more recently, the 

Green Revolution (Acevedo et al., 2018; 
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Kheiralipour et al., 2024) [1, 15]. Changing 

climatic conditions, such as rising 

temperatures and fluctuations in the amount 

and distribution of precipitation, as well as 

unpredictable events such as war, are making 

it increasingly difficult to meet the growing 

demand for wheat (Lobell et al. 2011; Dadrasi 

et al. 2023) [16, 5]. 

Durum wheat can also be grown in semi-arid 

environments due to its very good adaptation 

to adverse weather conditions, such as high 

temperature and drought (Grosse-Heilmann et 

al. 2024) [13]. In warmer, drier regions, such 

as the Mediterranean basin, it is grown as a 

winter wheat, while in northern regions, 

characterized by cold and long winters, 

sowing is usually carried out in spring and 

harvesting in early autumn. (Sieber et al., 

2014) [21]. The increase in average 

temperature in recent decades has already 

generated adverse effects on wheat yields 

worldwide (De Vita & Taranto, 2019) [6] and 

is expected to intensify in the coming years. 

The frequency and intensity of extreme heat 

waves, heavy rainfall, ecological and 

agricultural droughts in some regions will 

increase, according to the Intergovernmental 

Panel on Climate Change (IPCC), 

significantly reducing agricultural production 

(DôOdorico et al., 2018) [7]. At the same time, 

the world population is expected to grow in 

the coming decades, which will lead to 

increased demand for food and pressure on 

agricultural production (Goicoechea et al., 

2016; Rulli et al., 2013) [1, 18]. 

Durum wheat ranks tenth among the most 

cultivated cereals in the world in terms of 

production (Brocanello et al., 2023) [4]. The 

annual global production of durum wheat 

ranges between 35 and 40 million tonnes (De 

Vita and Taranto, 2019; Xynias et al., 2020) 

[6, 24]. representing approximately 7% of 

total wheat production (Brocanello et al., 

2023) [4], a percentage that is continuously 

decreasing, because of climate change. 

Currently, Canada is the main producer of 

durum wheat, cultivating an annual total of 

5.2 million tonnes, closely followed by Italy 

and Turkey, with a production of 4.3 and 3.7 

million tonnes, respectively (Xynias et al., 

2020; Sabella et al., 2020) [23, 19]. 

The aim of the study is to analyze the impact 

of agricultural policies on increasing wheat 

productivity emphasizing on: subsidies, 

financial support schemes, pricing policies, 

investment incentives, and environmental 

regulations. 
 

MATERIALS AND METHODS  

 

The study adopts a mixed approach, 

integrating the bibliometric analysis of the 

scientific literature from 2016ï2025 on the 

relationship between agricultural policies and 

wheat productivity with a descriptive 

statistical analysis of the main agro-economic 

indicators for the year 2024, at the European 

level and in the South-East Region of 

Romania. The bibliometric data were 

extracted from international databases (Web 

of Science) [23], based on relevant keywords 

(agricultural policies, wheat productivity), and 

were processed using the specialized software 

VOSviewer. The empirical component used 

official data provided by Eurostat [9] and the 

National Institute of Statistics [17]. The 

analysis included descriptive indicators and 

thematic cartographic representations to 

highlight the spatial distribution of areas and 

production, as well as assessing the 

relationship between the level of productivity, 

the size of holdings and the political-

economic framework, highlighting the 

influence of support and regulatory 

mechanisms on the performance of the cereal 

sector.  

 

RESULTS AND DISCUSSIONS 

 

The bibliometric analysis performed in 

VOSviewer based on 458 articles indexed in 

Web of Science (2016ï2025) highlights a 

thematic structure strongly concentrated 

around the concepts: climate change, food 

security, wheat and irrigation, which form the 

core of the network. The results indicate that 

research on the relationship between 

agricultural policies and wheat productivity is 

dominated by the perspective of climate 

change adaptation, with an emphasis on water 

use efficiency, water deficit management and 
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climate resilience, especially in regions such 

as South Asia, China and India (Figure 1). 

 

 
Fig. 1. Keyword co-occurrence network on the 

relationship between agricultural policies and wheat 

productivity (2016ï2025).  

Source: Web of Science database [23] generated with 

VOSviewer. 

The sustainability dimension is reflected 

through themes such as carbon sequestration, 

soil conservation practices and ecosystem 

services. Overall, the literature from the 

period under review reveals an increasingly 

pronounced integration between agricultural 

policies, productive performance and climate 

sustainability objectives (Figure 1). 

Three main axes are observed: climate axis 

(climate change - water scarcity - irrigation - 

crop yield - food security), economic axis 

(land consolidation - productivity -

competitiveness ï profitability) and 

sustainability axis (carbon sequestration - 

conservation tillage - ecosystem services - 

agricultural sustainability) (Figure 1). 

This is the overlay visualization map made in 

VOSviewer based on articles from the Web of 

Science (2016ï2025), where the color 

indicates the average year of appearance of 

the keywords (blue = older, yellow = more 

recent). The network confirms that climate 

change, food security and wheat remain the 

central concepts of the field, but the overlay 

highlights a clear thematic dynamic in recent 

years (2023ï2025). 

Terms such as China, India, South Asia 

remain constant, indicating that the Asian 

region continues to be the primary laboratory 

for agricultural policy analysis on wheat 

productivity. The overlay view shows a 

thematic evolution from initial concerns about 

climate impact and crop yield to more recent 

themes such as climate resilience, energy 

efficiency, competitiveness and technology 

adoption, reflecting the field's maturation and 

orientation towards applied solutions (Figure 

2). 

 

 
Fig. 2. Overlay visualization of the temporal evolution 

of keywords in the literature on agricultural policies 

and wheat productivity (2016ï2025).  

Source: Web of Science database [23] generated with 

VOSviewer 
 

This is a density visualization map created in 

VOSviewer based on the 458 articles indexed 

in the Web of Science (2016ï2025). In this 

type of representation, the color indicates the 

density and frequency of occurrence of 

keywords: yellow = high intensity (dominant 

themes), green = medium relevance, blue = 

low/peripheral relevance. The density map 

confirms the centrality of the ñclimate 

changeïfood securityïwheatò axis, with a 

strong geographical focus on China and South 

Asia, while themes such as biodiversity, 

carbon sequestration and soil health remain 

relatively peripheral, indicating emerging 

research directions. Overall, the results 

highlight the progressive integration of 

climate, economic and sustainability 

dimensions in the analysis of wheat 

productivity in the context of contemporary 

agricultural policies (Figure 3). 
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Fig. 3. Density visualization of the main research topics 

in the field of agricultural policies and wheat 

productivity (2016ï2025).  

Source: Web of Science database [23] generated with 

VOSviewer. 

 

The map illustrates the regional distribution of 

wheat production in Europe, highlighted by a 

chromatic scale from light orange (low 

production) to dark orange (high production). 

A concentration of high production is 

observed in the regions of the west and south-

west of the continent, especially in France and 

Spain, but also in certain areas of Central and 

Eastern Europe, including Romania and 

Poland. In contrast, the northern regions 

(Scandinavia) and some mountainous or 

colder climate areas show lower values, which 

suggests the influence of climatic conditions, 

soil fertility and available agricultural areas on 

the level of production. The distribution thus 

reflects the agro-climatic and economic 

differences between European regions (Map 

1). 

Map 1 highlights the areas cultivated with 

wheat in the counties of the South-East 

Region of Romania in 2024, expressed in 

hectares, through a chromatic scale from light 

green (lower values) to dark green (higher 

values). 

A significant difference is observed between 

the counties, with ConstanἪa recording the 

largest cultivated area (166,293 ha), which 

reflects the high agricultural potential of 

Dobrogea and the important share of cereal 

crops in this area. 

 

 
Map 1. Production of common wheat and spelt 

expressed in tons, at European level, 2024.  

Source: Eurostat database [9], generated with Tableau.  

 

At the opposite pole, Vrancea has the smallest 

area (26,361 ha), while BrŁila, BuzŁu, GalaἪi 

and Tulcea counties present intermediate, 

relatively close values (approximately 

69,000ï81,000 ha). The distribution shows 

the predominance of wheat cultivation in the 

plain areas and confirms the strategic role of 

the South-East region in the cereal production 

of Romania (Map 2). 

 

 
Map 2. Areas cultivated with wheat in the counties of 

the South-East Region of Romania, in 2024, expressed 

in [ha].  

Source: NIS database [17], generated with Tableau. 
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The South-Eastern Region of Romania 

(South-East Region) highlights in 2024 

significant differences in wheat production 

between counties, with ConstanἪa County in 

first place (836,503 t), followed at a great 

distance by BrŁila County (320,705 t) and 

GalaἪi County (298,719 t). An average level is 

observed in BuzŁu County (108,672 t) and 

Vrancea County (85,950 t), while Tulcea 

County records the lowest production (36,959 

t).  

 

 
Map 3. Wheat production in the counties of the South-

East Region of Romania, in 2024, expressed in [t].  

Source: NIS database [17], generated with Tableau. 
 

The distribution reflects the pedoclimatic 

advantages and the extensive agricultural 

areas in the plain and plateau area, especially 

in ConstanἪa and BrŁila, where favourable 

conditions and intensive exploitation support 

high yields, compared to counties with more 

fragmented relief or smaller cultivated areas 

(Map 3). 

In the South-East Region, the average wheat 

productivity in 2024 highlights clear contrasts 

between counties: ConstanἪa County records 

the highest value (5,030 kg/ha), followed by 

BrŁila County (4,419 kg/ha) and GalaἪi 

County (3,694 kg/ha), which confirms the 

efficiency of land exploitation in the plain 

areas with fertile soils and high-performance 

agricultural technologies.  

At the opposite pole, BuzŁu County (1,499 

kg/ha), Vrancea County (1,402 kg/ha) and 

especially Tulcea County (1,236 kg/ha) 

present lower yields, possibly influenced by 

less favourable pedoclimatic conditions, land 

fragmentation or rainfall variability. Overall, 

the southeast of the region (ConstanἪaïBrŁila) 

concentrates the highest levels of productivity 

per hectare, outlining a high-performance 

agricultural core within the region (Map 4). 

 

 
Map 4. Average wheat production in the counties of the 

South-East Region of Romania, in 2024, expressed in 

[kg/ha].  

Source: NIS database [17], generated with Tableau. 

 

In 2024, average farm gate prices for wheat in 

Romania vary moderately between 

development regions, ranging between 0.85 

and 0.94 lei/kg. The highest values are 

recorded in the South-East Region (0.94 

lei/kg), followed by the South-Muntenia 

Region and the Center Region (approx. 0.92 

lei/kg), which may reflect both the high level 

of production and the easy access to markets 

and infrastructure (port or processing).  

An intermediate level appears in the North-

East Region (0.91 lei/kg), while the lowest 

prices are in the North-West Region and the 

West Region (0.85 lei/kg), respectively in the 

South-West Oltenia Region (0.86 lei/kg).  

Overall, regional differences are relatively 

small, suggesting a relatively integrated 

national market, with variations mainly 

determined by logistics costs, proximity to 

exports and local demand dynamics (Map 5). 

The integrated analysis of total production, 

yield per hectare and farm gate prices 

highlights significant territorial disparities in 

Romania, with a concentration of agricultural 

performance in the South-East Region. 
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Map 5. Average farm gate prices of wheat, by 

development regions, in Romania, in 2024, expressed 

in [lei/kg].  

Source: NIS database [17], generated with Tableau. 

 

It is noted that Viduino ir vakaru Lietuvos 

records the highest production, of 

approximately 4 million tonnes, clearly 

exceeding the other regions. The following 

positions are occupied by Castilla y León, 

Centre-Val de Loire and Picardy, each with 

values ranging between approximately 3 and 

3.3 million tonnes, which highlights the 

important role of these regions in the total 

wheat production of the EU (Fig. 4). 

The Sud-Muntenia region is also among the 

regions with high production, with almost 2.8 

million tonnes. 

 

Fig. 4. Wheat production for the top 10 EU regions, in 

2024, expressed in [t].  

Source: Eurostat database [9], generated with Excel. 

 

The rest of the regions in the ranking, such as 

Latvija, Champagne-Ardenne, Nord-Pas-de-

Calais, Severozapaden and Brittany, record 

more moderate productions, located 

approximately between 1.7 and 2.5 million 

tonnes. Overall, the graph highlights a greater 

concentration of wheat production in a few 

very productive agricultural regions, while the 

others contribute somewhat smaller volumes, 

but remain important in the structure of total 

production in the European Union (Fig. 4). 

  

CONCLUSIONS 

 

The research is strongly dominated by the 

climate change perspective. Agricultural 

policies are predominantly analysed through 

their impact on productivity, water use 

efficiency, climate resilience. There is a clear 

integration between economic approaches 

(quantitative models) and sustainability 

approaches. Emerging regions in the analysis 

are South Asia and China. There is a focus on 

land consolidation and energy efficiency 

policies.  

The density map confirms that the 

ñagricultural policy ï wheat productivityò 

domain is dominated by the climate change 

and food security paradigm, with a focus on 

water management and crop yield. The 

economic and sustainability components are 

well represented, but topics such as 

biodiversity, climate resilience and carbon 

sequestration still appear  

on the periphery of the network, indicating 

potential future research development 

directions. 

Overall, the two cartographic representations 

highlight the concentration of production and 

areas cultivated with wheat in plain regions 

with high pedoclimatic potential, both at 

European level and in the South-East Region 

of Romania, while also underlining the 

determining role of agricultural policies - 

through financial support mechanisms, 

subsidies and regulations within the Common 

Agricultural Policy - in stimulating and 

maintaining the competitiveness of the cereal 

sector. 

The overlay visualization shows a clear 

evolution of research, from analysing the 

impact of climate change on wheat 

productivity to integrated approaches that 

combine climate resilience, energy efficiency, 

competitiveness and sustainability of 
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agricultural systems. The field is thus 

becoming more oriented towards applied 

public policies and economic performance in 

an uncertain climate context. 

The correlation between high volumes and 

superior productivity reflects not only 

pedoclimatic advantages, but also the impact 

of agricultural policies ï through financial 

support mechanisms, investments in 

technology and market measures ï on the 

intensification and efficiency of production. 

At the same time, moderate price variations 

indicate the functioning of a relatively 

integrated market, influenced by the 

framework of national and European 

agricultural policies. Overall, the results 

highlight the strategic role of public 

intervention in strengthening the 

competitiveness of the cereal sector. 
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Abstract 

 

The transition to climate neutrality has increased the importance of agriculture in reducing greenhouse gas 

emissions. In this context, voluntary carbon markets are increasingly being used to promote conservation 

agriculture practices, but the application of carbon certification at the farm level remains limited by technical 

difficulties and economic uncertainties. The aim of this study is to identify the differences between the voluntary 

carbon market in Romania and the voluntary carbon market in the European Union. The scientific approach has 

two objectives: aiming to assess technological gaps by benchmarking three European reference platforms against 

initiatives in Romania based on four performance indicators ð MRV technology, certification standards, access 

costs, and payment model, as well as identifying operational mechanisms capable of increasing farmers net income. 

The study tests the hypothesis that remote sensing integration cuts monitoring costs by over 50% compared to 

physical sampling methods and that compliance with international standards is essential for access to foreign 

markets. The results confirm that satellite monitoring is a lower-cost solution with better performance than 

solutions based on physical samples and field visits. 

 

Key words: carbon farming, carbon markets, digital MRV, economic sustainability  

 

INTRODUCTION  
 

European agriculture is at the heart of 

decarbonization efforts, and carbon credit 

initiatives create incentives for adopting 

sustainable practices. Agricultural soils can 

store significant amounts of carbon, but their 

actual contribution depends on the 

implementation of reliable systems for 

assessing, reporting, and selling credits. 

Most European regulations are still being 

developed, and farmers face uncertainty 

regarding the security of their loans and the 

market in which they are sold (Paustian et al., 

2019) [28]. Given that the European Union is 

aiming for climate neutrality by 2050, carbon 

farming mechanisms can contribute both to 

reducing emissions and to generating 

additional income for farmers (European 

Commission, 2022) [13]. The quality of a 

credit depends on compliance with criteria 

such as additionality, the establishment of 

baselines, the permanence of sequestration, 

the prevention of leakage, and rigorous 

measurement (Schneider, 2009) [30]. 

Additionality refers to the fact that the carbon 

sequestration or emission reduction would not 

have occurred in the absence of the project 

(Nabuurs et al., 2022) [25]. The lack of a 

well-founded framework creates a risk of 

over-crediting, and numerous analyses of 

forestry projects have highlighted problems 

related to the static estimation of baselines 

and the crediting of multiple hypothetical 

sequestrations (Badgley et al., 2023) [3]. 

In agriculture, assessment methods must 

consider soil variability, changes in 

management practices, and the dynamics of 

organic carbon (Lal, 2020) [22]. The adoption 

of these practices at the farm level in Romania 

depends directly on economic feasibility and 

incentive policies, factors that have recently 

been shown to be essential for farmersô 

profitability. 

Methodologies recognized by international 

standards establish approaches based on direct 
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measurements (soil samples) or models 

(biogeochemical simulation models) to 

estimate carbon stocks (Lindsey & Bird, 

2019) [23]. The Gold Standard protocol for 

soil organic carbon (Gold Standard, 2021) 

[16] and the Verra VM0042 methodology 

(Verra, 2023) [35] require dynamic base 

models adjusted annually, with corrections for 

uncertainty and risk. 

The Intergovernmental Panel on Climate 

Change (IPCC) recommends a tiered 

approach: Tier 1 uses generic emission 

factors; Tier 2 uses region-specific factors; 

Tier 3 involves detailed modelling and 

measurements. The correct application of 

these tiers is essential for obtaining legitimate 

credits (IPCC, 2019) [18]. 

Credits are reported through monitoring, 

reporting, and verification (MRV) systems, 

which include data collection, report 

preparation, and verification by independent 

third parties (Lindsey & Bird, 2019) [23]. The 

ISO 14064-2:2019 and ISO 14064-3:2019 

standards provide guidelines on the reporting 

and verification of emission reduction 

projects. The GHG Protocol Project Guidance 

(WRI, 2005) [37] and the recent SBTi 

initiative (SBTi, 2024) [31] emphasize the 

necessity of transparent reporting to prevent 

double counting of reductions. The use of 

digital registries (e.g., Verra, Gold Standard) 

ensures the traceability of certificates and 

reduces the risk of fraud (Carbone 4, 2022) 

[7]. 

In Europe, carbon credits are not part of the 

mandatory EU ETS system, but initiatives 

such as the Carbon Removal Certification 

Framework (CRCF) propose voluntary 

mechanisms for certifying soil sequestration 

and for integrating these credits into climate 

policies (European Commission, 2022) [13]. 

The literature reveals numerous gaps. First, 

existing methodologies are primarily tailored 

to forestry projects; their application in 

agriculture requires adjustments to account for 

crop rotations, the incorporation of crop 

residues, and soil management (Lindsey & 

Bird, 2019) [23]. On the other hand, current 

MRV systems are costly, and digital 

technologies and satellite data have not yet 

been widely integrated into reporting schemes 

(Coffield et al., 2022) [11]. Furthermore, 

agricultural carbon markets are fragmented, 

and farmers in Eastern Europe do not benefit 

from clear eligibility rules or financial 

compensation commensurate with their 

investment efforts (Paustian et al., 2019; 

Stefan et al., 2025) [28, 34]. 

Between 2020 and 2025, the structure of 

voluntary carbon markets (VCMs) underwent 

a significant structural transformation, 

characterized by a shift from a model focused 

primarily on quantitative expansion to one 

based on strict compliance and integrity 

requirements.  This reconfiguration was 

driven by a loss of credibility resulting from 

the exposure of methodological limitations in 

certain existing standards, which necessitated 

the internalization of the actual costs 

associated with scientific verification 

processes. 

In 2023 - 2024, there were big changes in 

prices and many market participants became 

hesitant, but 2025 shows the start of a 

stabilization process, helped by the new Core 

Carbon Principles (CCP) created by the 

Integrity Council for the Voluntary Carbon 

Market (ICVCM). In this context, agriculture 

which sits at the intersection of being a source 

of emissions and having the potential to 

sequester and store carbon in soil (SOC) has 

emerged as the primary testing ground for the 

new standards. These principles have forced 

current standards, such as Verra and the Gold 

Standard, to revise their methodologies, 

phasing out outdated versions and imposing 

strict labelling that distinguishes emissions 

reductions from actual sequestration (Climate 

Focus, 2025) [8]. 

The transition to carbon-neutral agriculture 

goes beyond strictly environmental 

considerations, representing a key pillar for 

the long-term economic growth and 

development of rural areas (Stefan, 2012) 

[33]. At the European Union level, the overall 

performance and competitiveness of the 

agricultural sector are directly dependent on 

farmersô ability to integrate innovative and 

sustainable solutions (Coca et al., 2023) [10]. 

Adopting these best-practice models requires 

accelerated digitization of agricultural audit 

and management processes. However, the 
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implementation of digital systems and 

decision-support tools at the farm level 

remains constrained by specific structural 

barriers, such as operating costs and factors 

limiting technology adoption (Bodescu et al., 

2023) [5]. 

In this context, the aim of this research is to 

identify the structural differences between the 

voluntary carbon market in Romania and that 

of the European Union, with a view to 

optimizing national mechanisms. 

The scientific approach has two objectives: 

(1) to assess technological gaps by 

benchmarking three European reference 

platforms against local initiatives based on 

four performance indicators (MRV 

technology, certification standards, access 

costs, and payment model) and (2) to identify 

operational mechanisms capable of increasing 

farmersô net income. 
 

MATERIALS AND METHODS  

 

The study employs a mixed-methods 

approach, structured around two lines of 

analysis. In the first phase, three platforms 

representative of the European market were 

selected and analyzed: Agreena (Denmark), 

Soil Capital (Belgium/United Kingdom), and 

eAgronom (Estonia). The main selection 

criterion was their regional relevance in 

Central and Eastern Europe (Bera, 2024) [4]. 

The necessary technical data was extracted by 

analyzing official white papers and MRV 

methodology reports published between 2023 

and 2024, which were subsequently compared 

with commercial offers from soil science and 

environmental consulting service providers in 

Romania. 

The gaps were assessed using a benchmarking 

matrix that incorporated four key performance 

indicators. The analysis focused on MRV 

technology to determine the degree of 

automation through satellite imagery versus 

physical sampling, as well as on the 

certification standard used, distinguishing 

between international accreditations such as 

Verra or Gold Standard and domestic 

standards. 

In addition, the cost structure was evaluated to 

identify barriers to entry, specifically the 

difference between fixed costs, issuance and 

trading fees, and the payment model, while 

analyzing the speed of cash flow to farmers. 

To ground the economic analysis in actual 

agronomic data, the study incorporated a 

model of carbon sequestration potential at the 

farm level. The database included a 

representative sample of 13,693 hectares. The 

areas analyzed are cultivated with Romaniaôs 

main arable crops, namely wheat, corn, 

sunflowers, and rapeseed. 

Based on these datasets, the studyôs key 

indicators were determined: average carbon 

input (kg C/ha), humified carbon (kg/ha), and 

carbon dioxide equivalent (CO e). Carbon 

was converted to carbon dioxide equivalent 

(CO e) using the standard conversion factor of 

3.67. 

 
Table 1. Coefficients applied in estimating carbon fluxes according to crop type and tillage system 
Coefficients Tillage system Crop 

Wheat Maize Sunflower Rapeseed 

 

RET 

CT 0.3 0.2 0.95 0.95 

MT 0.45 0.3 0.95 0.95 

NT 0.6 0.4 0.95 0.95 

 

h 

CT 0.2 0.2 0.2 0.2 

MT 0.28 0.28 0.28 0.28 

NT 0.34 0.34 0.34 0.34 

 

RD 

CT 0.03 0.03 0.03 0.03 

MT 0.05 0.05 0.05 0.05 

NT 0.07 0.07 0.07 0.07 

RPR CT/MT/NT 1 1 2 2 

R:S CT/MT/NT 0.25 0.2 0.15 0.2 

Cfrac CT/MT/NT 0.45 0.45 0.45 0.45 

Source: adapted according to Ispas, 2026 [20]. 
 

The estimation of carbon fluxes involved the 

use of a set of crop-specific coefficients 

derived from the literature: the straw-to-grain 

ratio (RPR), the root-to-above-ground 

biomass ratio (R:S), the carbon fraction 

(Cfrac), retained residue fraction (RET), 
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humification coefficient (h), and 

rhizodeposition (RD).  

These coefficients were taken from the table 

presented by Ispas (2026) [20], which in turn 

is firmly grounded in the IPCC guidelines 

(IPCC, 2019; IPCC, 2006) [18, 19] and recent 

studies and reviews [21, 6, 9, 27, 14, 29, 17]. 

The average values used are presented in 

Table 1. 

In Table 1, the following abbreviations were 

used for the three tillage systems: CT - 

conventional tillage, MT - minimum tillage, 

and NT - no tillage. 

 

RESULTS AND DISCUSSIONS 

 

In Europe, numerous initiatives are promoting 

the voluntary market. Companies such as Soil 

Capital in Belgium and Regen Network are 

using blockchain technology to track carbon 

credits. The Spanish platform Nori and the 

German platform Carbo Farm are digitizing 

MRV procedures, making it easier for farmers 

to connect with buyers. In addition, pilot 

projects supported by the French Ministry of 

Agriculture are testing the integration of 

credits into payments for ecosystem services 

(OECD, 2023) [26]. In Romania, such 

programs are still in their early stages, with 

some cooperatives exploring partnerships with 

technology firms to access voluntary markets. 

Agreena has established itself as one of the 

leaders in the European carbon farming 

market, managing a portfolio of over 2 million 

hectares across 17 countries (Agreena, 2025) 

[2]. Methodologically, the company uses the 

Verra VM0042 standard (Improved 

Agricultural Land Management), recognized 

as one of the most robust globally. This 

involves a combination of emissions 

modelling and verification via remote sensing. 

Agreena's business model is designed so that 

farmers retain ownership of the certificates 

generated. 

The company charges an issuance and trading 

fee of approximately 15% and, optionally, a 

sales commission when it acts as an 

intermediary in the transaction. It also offers 

an ñearly payoutò mechanism to provide 

farmers with liquidity prior to the official 

issuance of the loans (Agreena, 2025) [2]. 

In terms of innovation, Agreena focuses its 

efforts on scalability, using satellite imagery 

to monitor agricultural practicesðsuch as 

identifying bare soil or detecting plowingð

without the need for costly on-site visits to 

each plot. 

Soil Capital was the first platform to launch a 

certified carbon farming program in 2020, 

adopting an approach strongly focused on 

agronomy and on supporting farmersô 

technical transition. 

From a methodological standpoint, the 

platform is based on the Cool Farm Tool 

(CFT), an internationally recognized carbon 

footprint calculator, supplemented by an 

annual audit conducted in accordance with the 

ISO 14064 standard by TÜV Rheinland (Soil 

Capital, 2024) [32]. 

Soil Capital provides farmers with a 

guaranteed minimum price of roughly ú27.50 

per ton, safeguarding them against adverse 

market fluctuations. The business model is 

primarily defined by value-chain integration, 

as a substantial share of the credits is sold to 

companies within the food chain that 

collaborate with the farmers. 

The platform distinguishes itself through its 

robust focus on agronomic consulting, 

regarding carbon as a byproduct of healthy 

soil rather than a primary objective. 

eAgronom operates mainly in Central and 

Eastern Europe, including Poland, the Baltic 

states, and Romania, integrating farm 

management software with a platform focused 

on the carbon market. 

The company employs a hybrid financing 

model, collaborating with prominent banks 

like Swedbank to provide farmers with 

advantageous credit terms for their 

participation in the carbon program. 

Sustainability is directly incorporated into the 

farm's financial risk profile (Global 

AgInvesting, 2024) [15]. 

From a technological perspective, eAgronom 

employs blockchain technology to guarantee 

the traceability of loans and offers farmers 

pre-financing mechanisms aimed at 

addressing the initial costs of transitionð

costs that pose a substantial obstacle for small 

and medium-sized farms in the region 

(eAgronom, 2024) [12]. 
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The key difference lies in the Monitoring, 

Reporting, and Verification (MRV) process. 

European platforms incorporate Sentinel-2 

satellite data and artificial intelligence 

algorithms to remotely validate agricultural 

practices (Agreena, 2023) [1]. 

This automation enables the simultaneous 

monitoring of millions of hectares at minimal 

expense to the farmer. 

The most precise method to ascertain 

variations in soil carbon content on a specific 

parcel of land is to obtain physical samples 

and quantify the carbon content prior to and 

after alterations in management practices. 

Nevertheless, this is exceedingly expensive. 

In return, the farmer provides the intermediary 

firm with information on soil conditions and 

management practices. The firm uses this 

information, along with specialized computer 

models, to estimate the additional amount of 

carbon that would be sequestered over a given 

period. 

Generally, these carbon sequestration 

estimates are then verified by a third party 

before the transaction is recorded in a third-

party registry that prevents the credits from 

being double counted. The farmer then begins 

the new practice, the company initiates the 

agreed-upon payment program for the farmer, 

and the company sells the verified number of 

credits to individual or corporate consumers. 

Because estimation procedures are not 

perfectly accurate, there remains a degree of 

uncertainty regarding the exact amount of 

carbon sequestered in the registered field. 

To calculate carbon sequestration, physical 

samples must be collected from various 

depths. For arable land, samples must be 

taken at 20, 40, 60, and 100 cm, and for non-

arable land, samples must be taken at 10, 20, 

50, and 100 cm, since the highest 

concentration of carbon in the soil is found in 

the top 15 centimeters of the subsoil. 

As shown in Figure 1, the global price of 

carbon credits in 2025 varies from continent 

to continent and from country to country. 

 

 
Fig. 1. The global price of carbon in 2025 

Source: adapted from the World Bank [36] 

 

In Romania, a consultative approach 

dominates the ecosystem, necessitating 

physical validation of carbon stocks. 

Romanian farmers are required to hire 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

240 

accredited soil laboratories to collect soil 

samples, a complex and costly logistical 

process (Popescu A., 2023) [29]. 

The cost of this manual validation is the main 

economic barrier. Our study shows that 

recurring physical assessments (required 

every 3ï5 years) incur a cost of approximately 

10ï15 euros per hectare, which must be paid 

in advance regardless of whether the carbon 

certificate is sold or not. 

This cost structure reduces profitability for 

small farms in Romania. Unlike the European 

"freemium" model, where the platform 

charges only a listing and trading fee (e.g., 

15% at Agreena), Romanian farmers bear the 

full initial investment risk (Bera, 2024) [4]. 

Another issue identified is the lack of 

international standardization. Western 

platforms have quickly adopted the Verra 

Standard (VCS), which ensures the liquidity 

of credits on the global voluntary market. In 

Romania, the use of domestic standards 

makes the certificates difficult to sell. 

 
Table 2. Assessment of soil carbon sequestration for major agricultural crops 

Crops 
A1  

(ha) 

Qm2 

(kg/ha) 

CIn 3 

(kg C/ha) 

hC4 

 (kg C/ha) 

CO e5 

(kg/ha) 

Wheat 7,493 4,981 1,826.78 365.36 1,340.86 

Maize (Corn) 1,426 6,111 1,682.97 336.59 1,235.30 

Sunflower 2,078 2,577 2,740.83 548.17 2,011.77 

Rapeseed 2,696 2,700 3,059.37 611.87 2,245.58 

Total /Average 13,693 4,285 2,193.20 438.64 1,609.81 

Source: Own source. 

Legend: 1A - cultivated area. 2Qm ï average yield per hectare. 3CIn ï average carbon input. 4hC ï humified carbon.  
5CO e ï average carbon dioxide sequestration potential. 

 

Evaluating the efficacy of trading platforms 

necessitates comprehension of the prospective 

volume of carbon sequestered at the 

agricultural level. An analysis of agronomic 

data covering an area of 13,693 hectares 

reveals an average soil carbon input of 

2,193.20 kg/ha (Table 2). This analyzed 

organic input generates an average 

sequestration potential of 1.61 tons of CO e 

per hectare (Figure 2). 

 

 

 
Fig. 2. Average sequestration potential (tons CO2e/ha) 

Source: Own source. 
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The highest potential sequestration values 

were recorded for rapeseed, at 2.24 tons of 

CO e/ha. This is followed by sunflowers, 

indicating a high potential for both fall and 

spring crops to generate biomass. However, 

voluntary markets monetize only the 

additional sequestration generated through 

conservation practices, limiting the number of 

eligible credits.Thus, the monitoring 

technology selected directly influences the 

economic viability of the transition to carbon 

farming. A comparative analysis of operating 

mechanisms reveals a profound technological 

asymmetry between the mature markets of 

Western Europe and the emerging market in 

Romania. The European platforms analyzed 

have adopted the digital MRV model, which 

is based on satellite imagery and artificial 

intelligence. This automation enables the 

remote validation of agricultural practices, 

significantly reducing marginal costs for 

farmers (Agreena, 2025) [2]. 

In Romania, a consultative approach 

dominates the ecosystem, necessitating 

physical validation of carbon stocks. Farmers 

are required to hire soil laboratories to collect 

soil samples. This logistical procedure incurs 

a fixed cost of 10ï15 EUR/ha, payable in 

advance, constituting the primary economic 

obstacle to market entry (Bera, 2024) [4]. 

 
Table 3. Benchmarking carbon platforms: EU digital models vs. traditional models 

Indicator  Agreena (DK) Soil Capital (BE/UK) eAgronom (EST) Romania 

MRV Technology Satellite + AI 
Cool Farm Tool + Soil 

Analysis 

Hybrid ( Software + 

Satellite) 
Manual / Soil Analysis 

The Standard Verra (VM0042) ISO 14064 / Intern Verra (VM0042) Intern / ISO 

Cost type Issuance and trading fees Annual subscription Subscription + Fee Fee 

Total cost 
15ï20% of the carbon 

credit value 

 ú288 fixed cost + 

ú3.50/ha per year 

15ï20% of the carbon 

credit value 
10-15 ú/ha 

Payment Annual Annual 
At the sale of carbon 

credits 

At the sale of carbon 

credits 

Source: Own source. 

 

An analysis of the operational models 

demonstrates the direct impact on cash flow 

(Table 3). The European digital model 

converts fixed costs into variable operational 

costs, deducted in the form of an issuance and 

transaction fee charged exclusively at the time 

of payment. European farmers benefit from a 

zero-risk system, while Romanian farmers 

bear the full initial investment risk. 

Another weakness identified is the lack of 

international standardization for local 

projects.  

 

 
Fig. 3. Economic potential for farmers by crops (ú/ha) 

Source: Own source. 
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Western platforms have quickly aligned 

themselves with the Verra standard, ensuring 

the liquidity of credits on the global voluntary 

market. The use of domestic standards in 

Romania makes the resulting credits 

vulnerable to accusations of greenwashing 

and difficult to sell to corporations. 

To assess the economic potential of carbon 

sequestration per hectare, a reference price of 

ú65 per ton of CO e was utilized for carbon 

credits in Romania (World Bank) [36], as 1 

ton of CO e corresponds to 1 carbon credit. 

The potential revenue per hectare, denoted in 

ú/ha, was determined based on the projected 

quantities of CO e sequestered for each crop. 

The results highlight variations in economic 

potential among the crops analyzed, with 

values ranging from ú80.29/ha (corn) to 

ú145.96/ha (rapeseed), with an average of 

ú111.05/ha. Rapeseed has the highest 

economic potential, followed by sunflower 

(ú130.77/ha), with both exceeding the 

analyzed average. In contrast, wheat 

(ú87.16/ha) and corn have values below the 

average. 

 

CONCLUSIONS 

 

The carbon credit market around the world 

has big price differences. For example, in 

South Korea, a credit costs ú6.45, while in the 

European Union, it costs ú61.17. These 

differences are due to the different rules, the 

age of the markets, and the climate policies 

that are in place. In Romania, the value of a 

carbon credit is estimated to be ú65 per credit. 

This is higher than the average level in the 

European Union, which suggests that 

Romania is in line with European trends and 

has the potential to compete in the carbon 

market. 

For the sample analyzed, the average revenue 

per hectare from the sale of credits is ú111.05. 

From this gross revenue, the farmer pays 

between 15ï20% of the certificate price for 

carbon credit validation. 

Farmers can choose from various carbon 

credit validation technologies depending on 

the service provider and the MRV technology 

(satellite, AI, soil analysis, etc.) 
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Abstract 

 

The agricultural sector in Ilfov County is characterised by a high degree of structural heterogeneity, ranging from 

small subsistence farms to large commercial farms operating under increasing economic and institutional pressure. 

In this context, the paper aims to identify the main support needs of farmers from peri-urban areas. The research is 

based on semi-structured interviews conducted at the level of 44 farms in 9 localities in Ilfov County. The dataset 

includes information on farm location, type of production, agricultural areas used, farm size category, market 

integration, access to advisory services, training programmes, public subsidies, financial support instruments and 

perceived price constraints. Using a descriptive and exploratory approach, the study analyses farmersô needs 

according to farm typology and territorial distribution. The results highlight disparities between communes in the 

north and south of the county and by farm size categories. Small and semi-subsistence farms mainly require 

financial support, market access and professional training. Larger farms emphasize advisory services, managerial 

support and legislative clarity. The study thus provides empirical evidence on the real support needs of farmers in 

peri-urban areas of Ilfov County. 

 

Key words: farmers, support needs, peri-urban agriculture, farm typology, Ilfov County 

 

INTRODUCTION  
 

Agriculture in peri-urban areas presents 

specific challenges, such as increasing 

pressure from urban expansion [2], difficulties 

in market integration [1] [11], and 

environmental constraints [12[ [13]. Farms 

located near large urban centers combine 

opportunities related to market proximity with 

challenges such as land fragmentation, higher 

input costs and the need to adapt to rapidly 

changing demand structures [8].  

In Romania, peri-urban agricultural areas play 

an important role in ensuring the food supply 

of nearby cities [10]. However, these areas do 

not display a uniform development pattern 

and still lack modern organizational forms for 

product valorisation, such as cooperatives or 

producer associations [9]. The structure of 

farms is highly heterogeneous, ranging from 

small subsistence and semi-subsistence farms 

to large commercial holdings [7]. This 

diversity generates different needs at the farm 

level and influences the type of support 

required by farmers. 

The complex agricultural framework of Ilfov 

County, located in the immediate vicinity of 

Bucharest, makes it a relevant case study for 

analyzing these dynamics. The coexistence of 

small farms, semi-subsistence holdings and 

large commercial farms creates a diverse 

production landscape that generates different 

types of constraints and development 

opportunities. Despite its proximity to an 

important urban market, farms in the county 

face difficulties related to market access, 

access to financial resources, participation in 

training activities and compliance with 

legislative requirements.  

Previous research has emphasized that access 

to information, financial resources and 

institutional support strongly influences the 

development of the agricultural sector [5] 

[14]. Small and medium-sized farms often 

encounter difficulties in accessing markets 

and investment resources, while larger farms 

mailto:georgiana_lola_ene_76@yahoo.com
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require specialized advisory services, 

management support and clearer regulatory 

frameworks [4] [6] [3]. Understanding these 

differentiated needs is essential for improving 

the functioning of agricultural systems, 

especially in peri-urban areas where 

competition for land and resources is more 

intense. In this context, the present study aims 

to assess the main support needs of farmers 

operating in the peri-urban areas of Ilfov 

County. The research seeks to identify 

differences in needs according to farm size 

and territorial location. By using an 

exploratory approach based on farm-level 

data, the paper aims to provide a clearer 

understanding of the structural constraints and 

support priorities of farms in this 

heterogeneous agricultural environment.  

The results contribute to a better 

understanding of the diversity of support 

needs among farms operating in peri-urban 

areas and highlight the importance of 

considering farm size and territorial context 

when analyzing agricultural development 

challenges. 

 

MATERIALS AND METHODS  

 

The research is based on a field study 

conducted in 2025 on 44 farms located in nine 

rural localities in Ilfov County (1 Decembrie, 

MŁgurele, Gruiu, Nuci, DŁrŁἨti, AfumaἪi, 

Moara VlŁsiei, CopŁceni and BrŁneἨti) (Fig. 

1). The farms interviewed present a 

heterogeneous structure in terms of size, 

production profiles and degree of market 

integration. 
 

 
Fig.1. Distribution of farms by villages (%) 

Source: own processing. 

Data were collected through semi-structured 

interviews with farm owners or managers. 

The questionnaire included information on 

farm characteristics (type of production, 

utilised agricultural area, size category), 

access to markets, participation in training 

programmes, access to subsidies and financial 

instruments, as well as perceived constraints 

and support needs. 

The analysis follows a descriptive and 

exploratory approach. Farms were grouped 

according to territorial location (north vs. 

south of the county) and size categories. The 

results are presented using percentage 

distributions and comparative analysis across 

farm typologies. This approach allows the 

identification of differentiated support needs 

and structural disparities within the peri-urban 

agricultural system. 

 

RESULTS AND DISCUSSIONS 

 

The results highlight the structural 

heterogeneity of farms in Ilfov County and the 

differentiated support needs expressed by 

farmers. The analysis is structured according 

to territorial location, farm size and categories 

of needs to better understand the main 

constraints faced by farms in the study area.  

Farm characteristics and territorial 

differences 

The spatial distribution of agricultural 

production highlights structural differences 

between the northern and southern parts of 

Ilfov County. Farms located in the southern 

area are predominantly specialised in crop 

production (especially vegetables), while in 

the northern area, both crop farms and mixed 

farms (80.8%) and mixed farms (cattle 

breeding and beekeeping) (19.2%) (Fig. 2). 

This indicates a higher level of diversification 

in the northern localities, while in the southern 

area we find a clear agricultural 

specialization. 

Differences also appear in the distribution of 

farm sizes. Farms located in the northern part 

of the county are predominantly very large 

(57.7%), while subsistence farms account for 

19.2% (Fig. 3).  
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Fig. 2. Type of farm production by location (%) 

Source: own processing. 

 

 
Fig. 3. Distribution on the farms by size and location (%) 

Source: own processing. 

 

Farms with sizes between 20 and 50 hectaresô 

account for only 7.7%. In contrast, the 

southern area is dominated by semi-

subsistence farms (72.2%), while very large 

farms account for only 11.1%. Medium-sized 

farms (20-50 ha) account for 16.7%. These 

findings reveal a dual agricultural structure at 

the county level, with large commercial farms 

concentrated in the north and small farms 

predominantly in the south. 

Main support areas 

Across the entire sample, the most frequently 

mentioned  support area is that of advisory 

and consultancy services (36.7%), followed 

by access to markets (22.4%) and financial 

support and subsidies (22.4%).  

Figure 4 shows a less frequent mention of 

legislative support (12.2%) and managerial 

support (6.1%). 

 

 
Fig. 4. Main support areas identified by farms (%) 

Source: own processing. 

 

The territorial analysis presented in Table 1 

highlights significant differences between the 

communes located in the north and south of 

Ilfov County. Farms located in the south 

mainly request support related to subsidies 

and financial instruments (31.8%), access to 
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markets (27.3%), legislative aspects (22.7%) 

and managerial support (13.6%). In contrast, 

farms in the north emphasise the importance 

of advisory and consultancy services (63%), 

followed by market access (18.5%) and 

financial support (14.8%) (Table 1).  

 
Table 1. Main support areas by territorial location (%)      

  Gruiu Nuci AfumaἪi 
Moara 

VlŁsiei 
BrŁneἨti 

North 

Total 
01.dec CopŁceni DŁrŁἨti MŁgurele 

South 

Total 

Legistlative 

framework  
12.5 

   
3.7 60.0 7.7 

 
33.3 22.7 

Advisory services 50.0 37.5 71.4 100.0 80.0 63.0 
 

7.7 
  

4.5 

Market access 25.0 25.0 14.3 
 

20.0 18.5 20.0 38.5 
  

27.3 

Financial support 

and subsidies 
25.0 25.0 14.3 

  
14.8 20.0 46.2 

  
31.8 

Farm management 
        

100.0 66.7 13.6 

Source: own processing. 

 

The analysis by farm size (Table 2) highlights 

important differences in the type of support 

needed. Semi-subsistence farms mainly 

require financial support and support for 

facilitating market access, these two areas 

account for approximately 73% of the 

responses. Subsistence farms particularly 

identify the need for specialist advice (75%). 

Large farms mention that they mainly need 

support for farm management (60%), as well 

as specialist advice for developing economic 

activities (40%).  

 
Table 2. Main support areas by farm size (%) 

 

Under 1 ha  

(semi-

subsistence) 

1-5 ha  

(subsistence) 

20-50 ha  

(big) 

Over 50 ha  

(very big) 

Legistlative framework 13.6   16.7 

Advisory services 13.6 75.0 40.0 55.6 

Market access 36.4 25.0  11.1 

Financial support and subsidies 36.4   16.7 

Farm management   60.0  

Source: own processing. 

 

Very large farms place particular emphasis on 

technical advice (55.6%), also mentioning the 

need for improvements in the legislative 

framework and financial support 

(approximately 33%). Overall, specialist 

advice services and facilitating market access 

are the areas of support most frequently 

requested across all farm categories.  

These results suggest that smaller farms are 

more dependent on financial support and 

market integration measures, while larger 

farms require specialised advice and guidance 

on field regulations. 

Categories of needs 

Across the sample, training and education are 

the most important category of needs (36.5%), 

followed by facilitating access to markets 

(19.2%), minimis support (15.4%), 

professional farm management (11.6%) and 

financial support for development (9.6%) 

(Table 3). 
 

Table 3. Main categories of needs (%) 

 % 

Financial support for farm development 7.7 

Training and education 36.5 

Market access 19.2 

Financial support  (like subsidies) 9.6 

Minimis support scheme 15.4 

Professional farm management 11.6 

Source: own processing. 

 

The territorial analysis presented in Table 4 

again highlights clear differences between the 

northern and southern areas.  

Farms in the northern part of Ilfov County 

consider training and education to be the most 

important need (54.8%), followed by financial 

support (16.1%) and market access (12.9%). 

In the southern area, farmers mainly express 

the need for minimis support scheme (38.1%), 

followed by market access (28.6%), 

professional management (14.3%) and 

financial support for development (9.5%). The 
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territorial context strongly differentiates support needs, as these results confirm. 

 
Table 4. Main categories of needs by territorial location (%) 

  Gruiu Nuci AfumaἪi 
Moara 

VlŁsiei 
BrŁneἨti 

North 

Total 
01.dec CopŁceni DŁrŁἨti MŁgurele 

South 

Total 

Financial support for 

farm development 

25.0 10.0    6.5 25.0 7.7   9.5 

Training and 

education 

50.0 30.0 55.6 100.0 80.0 54.8  7.7  33.3 9.5 

Market access  20.0 11.0  20.0 12.9 25.0 38.5   28.6 

Financial support  

(like subsidies) 

25.0 30.0 11.1   16.1      

Minimis support 

scheme 

      50.0 46.2   38.1 

Professional farm 

management 

 10.0 22.2   1.7   100.0 66.7 14.3 

Source: own processing. 

 

Categories of needs by farm size 

The analysis by farm size, presented in Table 

5, confirms the differentiated nature of 

farmers' needs. Semi-subsistence farms 

require support in three main directions: 

financial support through the minimis support 

scheme (36.4%), assistance to facilitate 

market access (31.8%) and financial support 

for farm development (13.6%). Subsistence 

farms indicate, with the increase in farm size, 

a greater need for skill development through 

participation in specialised courses (75%), as 

well as the need for support in capitalising on 

production in the market (25%). Large farms, 

already at a higher level of competitiveness, 

mainly highlight the need for more 

professional management at the farm level 

(66.7%), but also the interest in accessing 

training and education programmes (33.3%). 

 

Table 5. Main categories of needs by farm size (%) 

 
Under 1 ha  

(semi-subsistence) 

1-5 ha  

(subsistence) 

20-50 ha  

(big) 

Over 50 ha  

(very big) 

Financial support for farm development 13.6   5.0 

Training and education 13.6 75.0 33.3 55.0 

Market access 31.8 25.0  10.0 

Financial support  (like subsidies) 4.5   20.0 

Minimis support scheme 36.4    

Professional farm management   66.7 10.0 

Source: own processing 

 

Very large farms indicate as their main needs 

participation in training programmes in 

emerging areas such as climate change, 

digitalisation or the use of modern 

technologies (55%), as well as access to 

financial support for investments (20%). 

These results highlight the differentiated 

nature of farmers' needs depending on the size 

of the holding. Small farms are more 

dependent on financial support and facilitating 

access to markets, while large and very large 

farms show a greater need for advisory 

services, professional management and access 

to specialised knowledge. 

Implications for farmers 

The research results highlight the need for 

differentiated adaptation strategies at the level 

of agricultural holdings in peri-urban systems, 

especially in the context of pressures 

generated by the proximity of large urban 

centers and market dynamics. In the case of 

farms in Ilfov County, under the direct 

influence of the Bucharest market, strategic 

adaptation becomes an essential factor for 

medium and long-term economic 

sustainability. 

For small-sized holdings, characterized by a 

high dependence on financial support and 

market access, it is recommended: 

-strengthening associative forms, in order to 

increase bargaining power and reduce 

transaction costs;  

-orientation towards short supply chains and 

capitalizing on the advantage of proximity to 
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the urban consumer; 

-diversifying production and increasing added 

value, through primary processing or specific 

certifications (e.g. local, organic products);  

-improving financial management skills, 

including cost monitoring and product 

profitability analysis.  

These measures can contribute to reducing 

economic vulnerability and increasing 

decision-making autonomy. 

Medium-sized farms, in a consolidation 

phase, can benefit from:  

-professionalization of management, through 

the use of strategic planning and financial 

control tools; 

-partial integration in the value chain, through 

investments in storage, packaging or 

processing;  

-digitization of production and management 

processes, to optimize the use of inputs; 

-diversification of marketing channels, in 

order to reduce the risks associated with 

dependence on a single trading partner.  

These directions can facilitate the transition to 

more stable and competitive business models. 

In the case of large-scale farms, where the 

main need is for advisory services and 

advanced management, it is recommended to: 

-develop medium- and long-term development 

strategies based on clearly defined 

performance indicators;  

-invest in human capital, through continuous 

training and attracting specialists;  

-adopt innovative technologies, including 

precision agriculture and energy efficiency 

solutions;  

-implement risk management mechanisms, 

such as agricultural insurance and crop 

diversification.  

These measures can increase the resilience of 

farms to market volatility and structural 

changes in the peri-urban area. 

 

CONCLUSIONS 

 

The study highlights the heterogeneous 

structure of farms operating in the peri-urban 

area of Ilfov County and confirms the 

differentiated nature of farmers' support needs 

depending on farm size and territorial 

location. The coexistence of small- and semi-

subsistence farms with large commercial 

holdings generates distinct priorities in terms 

of financial support, access to knowledge, 

management practices, and interactions with 

institutional frameworks.  

Small and semi-subsistence farms are more 

dependent on financial support and on 

measures facilitating access to markets. These 

farms frequently mention the need for 

financial resources to sustain production and 

support business development, particularly in 

the vegetable sector. For this category, access 

to subsidies, financial aid, and support 

programs is an essential condition for 

maintaining activity and ensuring economic 

viability.  

Medium and large farms express a stronger 

interest in improving managerial and technical 

competencies. Modern agricultural practices 

such as regenerative agriculture, climate 

change adaptation, financial planning, and the 

use of resistant crop varieties are the focus of 

training needs. Mixed farms also highlight the 

need for specialized knowledge related to 

animal nutrition, soil testing, and pest control, 

especially in light of regulatory restrictions on 

certain inputs.  

Larger farms additionally highlight the 

importance of support for project 

implementation and access to updated 

technical information. At the same time, large 

farms underline the relevance of the 

legislative framework and institutional 

interaction. Farmers cite the need for clearer 

eligibility conditions for support programs; 

faster administrative procedures, timely 

payments, and improved communication 

regarding legislative changes.  

People also are becoming more interested in 

modern farm management practices in all 

types of farms. Farmers stress the importance 

of crop rotation, using adapted varieties, 

managing risk through crop insurance, and 

better planning of production activities. These 

trends indicate a growing emphasis on 

professionalisation and adaptability to 

economic and weather fluctuations. The 

adaptation of farmers in peri-urban farming 

systems cannot be uniform, but must be 

calibrated according to farm size, production 

profile and territorial positioning. Proactive 
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strategies adopted at farm level can 

significantly contribute to increasing the 

competitiveness and strengthening the 

sustainability of the agricultural sector in peri-

urban areas. 

Overall, the findings confirm that support 

needs differ significantly according to farm 

size, production profiles, and territorial 

context. Smaller farms are more dependent on 

financial support and market access, while 

large farms have a greater need for advisory 

services, training and management-related 

knowledge. The findings offer empirical 

evidence regarding the varied needs of farms 

within peri-urban agricultural systems and 

enhance the understanding of the challenges 

encountered by farmers in Ilfov County. 
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Abstract 

 

The study examines the disparities in healthcare service access between rural and urban regions in a few EU 

member states and their effects on population health. In a sample of 10 European nations, the primary goal of the 

study was to demonstrate the connection between perceived health status and access to healthcare services, as 

shown by the degree of unmet medical requirements. The approach employed was based on a comparative 

examination of statistical data from Eurostat for the years 2016ï2024, which were organized depending on the level 

of urbanization. Descriptive statistical methods were used in the analysis, such as arithmetic mean and ruralïurban 

gap analysis, as well as tools for analysing the relationships between indicators, including the correlation 

coefficient. The results obtained highlight the existence of significant differences between urban and rural areas, 

both in terms of perceived health status and the level of unmet medical needs. Northern and Western European 

countries have high health status values and low levels of unmet needs, while Central and Eastern European 

countries have lower health indicators but show a trend of convergence. The analysis of rural-urban disparities 

highlights the fact that the rural population faces persistent disadvantages, reflected in the levels of unmet medical 

needs and, in some cases, in lower values of perceived health status. The conclusions of the study show that access 

to medical services directly influences the health status of the population, but is not the only determining factor, and 

it is necessary to take into account socio-economic factors and living conditions. Reducing inequalities between 

rural and urban areas requires integrated public policies, aimed at improving access to medical services and 

increasing the quality of life of the population, thus contributing to achieving the sustainable development objectives 

existing at European level. 

 

 Key words: health inequalities, access to healthcare services, rural-urban disparities,  

                    perceived health status, unmet medical needs, European Union, sustainable development 

 

INTRODUCTION  

 

Due to their direct influence on social 

cohesion and sustainable development at the 

European Union level, it is crucial to analyze 

health service access disparities between rural 

and urban regions. Equitable access to health 

services is recognised as an essential element 

of the population's well-being, but also a 

fundamental condition for achieving the 

sustainable development objectives, in 

particular in terms of reducing inequalities 

and ensuring a healthy life for all. In this 

context, the disparities between rural and 

urban areas reflect structural imbalances that 

affect not only the health status of the 

population, but also economic productivity, 

social inclusion and the sustainability of 

health systems. Therefore, understanding 

these differences and the factors that 

determine them is an important element for 

the development of effective public policies, 

capable of reducing inequalities and 

supporting the balanced development of 

European regions. 

The literature extensively addresses the issue 

of health inequalities, highlighting the 

existence of persistent differences both 

between European Union Member States and 

between various socio-demographic 
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categories [5, 20, 21]. These differences are 

explained by the influence of social 

determinants of health, such as income level, 

education and living conditions, as well as by 

variations in the organization and 

performance of health systems [1, 2, 4, 25]. In 

this context, recent research pays particular 

attention to the contrast between urban and 

rural environments, highlighting the role of 

differential access to health services in 

explaining variations in the health status of 

the population. 

According to other research, a group of 

variables known as the social determinants of 

health such as living circumstances, 

education, and income determine the 

population's health. [7, 8, 10, 29]. In this 

context, differences between urban and rural 

areas become particularly relevant, since 

populations in rural areas frequently face 

limited access to health services and a higher 

incidence of health problems [6, 16, 27]. 

Access to health services is related to a key 

determinant of health, but the literature 

highlights that it is not sufficient to explain 

the differences recorded between populations 

[9, 15, 19]. Even in conditions of similar 

access, health outcomes can vary 

significantly, depending on the efficiency of 

health systems and their organization [18, 24, 

28]. 

Comparative studies at European level show 

that health inequalities are influenced by both 

the characteristics of health systems and the 

social policies adopted in each country. [3,  

11, 17]. In this context, the differences 

between urban and rural areas reflect not only 

the differential access to health services, but 

also distinct living conditions, which directly 

influence the health status of the population 

[23, 26]. 

The importance of the topic addressed derives 

from the need to reduce these inequalities, 

given that they affect both the quality of life 

of the population and the sustainability of 

health systems [5, 22]. The specialized 

literature emphasizes that reducing health 

disparities requires an integrated approach, 

which includes both improving access to 

health services and interventions on social 

determinants [4, 20]. 

In this context, the main objective of the paper 

is to analyze the relationship between 

perceived health status and access to health 

services, expressed by the level of unmet 

medical needs, in selected European Union 

member states. At the same time, the paper 

aims to highlight the differences between 

urban and rural areas and identify trends 

during the analyzed period. 

By including a comparative perspective and 

employing pertinent indicators for the 

concurrent evaluation of health status and 

access to medical care, the study strategy adds 

to the specialist literature and presents a 

cohesive picture of the current disparities in 

the European area.  

 

MATERIALS AND METHODS  

 

The data used in the analysis come from the 

Eurostat database, being selected in such a 

way as to allow the assessment of the 

perceived health status and access to medical 

services according to the degree of 

urbanization. The analyzed indicators were 

expressed as percentages and allowed 

comparisons to be made between urban and 

rural areas, as well as between the Member 

States of the European Union. The analysis 

was carried out for the period 2016ï2024, 

which allowed the highlighting of 

developments over time and the identification 

of trends. 

The sample of analyzed states was constructed 

using multi-criteria selection, which had the 

role of ensuring the representativeness and 

relevance of the analysis at the level of the 

European Union, the criteria used being the 

following:  

ï the geographical criterion, which aimed at 

the inclusion of states from the main regions 

of the European Union (Northern, Western, 

Southern and Eastern Europe); 

ï the criterion of the level of economic 

development, which allowed the inclusion of 

both developed states and those in the process 

of convergence; 

ï the relevance criterion for the analysis of 

rural-urban disparities, by selecting states in 

which there are significant variations in the 

analyzed indicators. 
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Based on these criteria, ten European Union 

member states were selected, representative of 

the economic and social diversity of the 

European space, these being: Denmark, 

Germany, Spain, France, Italy, Hungary, 

Netherlands, Poland, Portugal, Sweden. 

The analysis followed two main indicators: 

ï the percentage of the population that reports 

having very excellent or good health is known 

as perceived health status; 

ï the percentage of the population that did not 

receive medical care because of expenses, 

travel time, or waiting times is known as 

unmet medical needs. 

These indicators allowed us to simultaneously 

evaluate the results of the health system and 

access to medical services. 

In order to process and analyze the data, 

descriptive and comparative statistical 

methods were used, as well as synthetic 

indicators, as follows: 

ï arithmetic mean, calculated according to 

the relationship: 

ὼȅ В ὼ ééééééééééé..(1) 

where: 

x ï arithmetic mean of the analyzed indicator; 

xi ï the indicator value for each state; 

n ï number of states included in the analysis.  

 

ï standard deviation, used to measure the 

dispersion of values: 

ί ὼ ὼȅ éééééé(2) 

where: 

s ï the standard deviation; 

xi ï individual value of the indicator; 

xï arithmetic mean; 

nï the number of observations; 

(xi - x) ï the deviation of each value from the 

mean; 

Ɇï sum of squared deviations. 

 

ï the coefficient of variation, which expresses 

the relative stability of the indicators: 

ὅὠ
ȅ
ρππééééééééééé(3) 

 

where: 

CV ï coefficient of variation (%); 

s ï the standard deviation; 

xï arithmetic mean; 

ï Pearson correlation coefficient, used to 

assess the relationship between perceived 

health status and unmet medical needs: 

 

ὶ
В ȅ ȅ

В ȅ В ȅ
ééééé.(4) 

 

where: 

r ï Pearson correlation coefficient; 

xi ï values of the independent variable (unmet 

medical needs); 

yi ï values of the dependent variable 

(perceived health status); 

x,y - the averages of the two variables; 

(xi ï x), (yi ï y) - deviations from the average. 

 

ï ruralïurban gap, calculated as: 

Ὀ ὠ ὠ ééééééé(5) 

where: 

Dï the difference between rural and urban 

areas; 

Vruralï the value of the indicator in rural areas; 

Vurbanï the value of the indicator in the urban 

environment. 

These methods allowed both the analysis of 

developments over time and the identification 

of relationships between indicators and 

territorial differences.  

 

RESULTS AND DISCUSSIONS 

 

The analysis carried out in this research 

targeted the population of the Member States 

of the European Union and used indicators 

relating to the perceived health status and 

access to medical services, based on Eurostat 

data. In this context, the evolution of these 

indicators during the period 2016ï2024 was 

monitored, as well as the differences recorded 

between the urban and rural areas. 

The information in Table 1 illustrates some 

broad trends in the evolution of perceived 

health status in metropolitan settings across 

the nations examined. First, we can see that 

nations in Northern and Western Europe have 

high and comparatively steady levels of 

perceived health status, which reflects the 

efficiency of health systems and the high level 

of quality of life in these countries, such as 

Sweden and Denmark, where the indicator 

values are constantly maintained at a high 
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level throughout the analyzed period, or 

Germany and the Netherlands, characterized 

by a relative stability of the perception of 

health status. Second, we can note a trend of 

slight deterioration in the perception of health 

status in the recent period, especially after 

2020, a phenomenon that is due to the impact 

of the global health crisis and the pressure it 

exerts on health systems. 

 
Table 1. Evolution of perceived health status in urban areas in the EU in the period 2016ï2024 (% population with 

good or very good health) 

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark 74.7 77.4 75.3 75 76.1 71.5 67.3 66.3 72.6 

Germany 66.3 66.7 65.9 66.3 66.1 65.8 66.5 67.2 66.7 

Spain 73.7 75.3 74.8 76.0 74.9 72 71.4 71.1 70.6 

France 68.9 70.2 69.8 69.4 70.6 69.6 68.0 67.5 69.7 

Italy 72.0 77.3 74.4 72.7  **  73.3 74.4 74.2 74.6 

Hungary 63.6 63.2 64 60.1 64.4 67.9 66.5 68.6 68.9 

Netherlands 74.4 74.7 74.8 73.5 77.8 73.3 70.4 68 68.9 

Poland 60.9 61.9 61.7 62.3 63.3 66 62.8 63.2 64.4 

Portugal 51.5 51.5 53 53.1 55.2 54.9 53.5 54.6 58.2 

Sweden 75.5 79.1 78.2 78.8 79.4 75.6 69.1 70.6 70.9 

Source: own processing, Eurostat [12]. 
 

Also, Central and Eastern European countries 

record lower levels of perceived health status, 

but show a gradual convergence trend towards 

the values recorded in more developed 

countries, suggesting improvements in living 

conditions and access to medical services, 

such as the case of Poland and Hungary, 

where an upward trend in the indicator is 

observed during the analyzed period, as well 

as Portugal, which, although starting from 

lower values, has recorded a gradual 

improvement in recent years. 

As a result, we can see both the persistence of 

state-to-state disparities and shared tendencies 

at the European Union level, which are 

marked by relative long-term stability and 

mild volatility during times of crisis. 

 
Table 2. Evolution of perceived health status in rural areas in EU, in the period 2016ï2024 (% population with good 

or very good health)  

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark 69.5 66.7 68.9 65.5 66.3 62.7 58.9 61.3 62.8 

Germany 64.2 64.2 64.3 63.8 61.8 60.5 62.3 64.7 62.7 

Spain 69.2 71.1 69.8 72.4 69.6 67.5 66.2 66.7 67.6 

France 64.7 65.2 65.6 63.7 67.8 67.4 64.0 63.7 64.9 

Italy 68.9 75.6 71.2 71.0  **  72.1 72.5 72.7 76.2 

Hungary 56.2 57.3 57.6 56.5 58.7 61.3 59.8 61.2 61.8 

Netherlands 79.4 77.3 78.2 78.4 80.4 72.8 73 69.8 69.7 

Poland 57.1 56.5 57.7 58.2 60.7 62.8 62.4 62.2 64.4 

Portugal 39.4 40.6 41.9 42.9 42.5 41.8 40.1 42.6 44.8 

Sweden 73.7 72.5 73.2 72.8 74.3 67.5 63 62.7 61.2 

Sursa: Source: own processing, Eurostat [12]. 
 

The information in Table 2 shows how 

perceived health status has changed over time 

in rural regions of the nations under study, 

with more noticeable variations than in urban 

areas. First, it is noted that the level of 

perceived health status is generally lower in 

rural areas, which reflects more limited access 

to medical services and less favorable living 
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conditions. Also, in the countries of Northern 

and Western Europe, relatively high values 

are maintained, but they are lower than those 

recorded in urban areas, such as the case of 

Sweden and Denmark, where, although the 

level of the indicator remains high, a slight 

decrease is observed over time, as well as the 

Netherlands, where the downward trend is 

more evident in recent years. 

Central and Eastern European countries 

record lower levels of perceived health status 

in rural areas, but show a trend of gradual 

improvement, an aspect highlighted by Poland 

and Hungary, where an upward trend in the 

indicator is observed, but also by Portugal, 

which, although starting from low values, has 

recorded a gradual recovery in recent years. 

At the same time, the evolution of the 

indicator shows the existence of some 

fluctuations in the recent period, especially in 

the context of the years 2020ï2022, which is 

due to the pressures exerted on the health 

systems and the impact of external factors on 

the rural population. There are structural 

elements that affect the quality of life and 

access to health care in rural regions, as 

evidenced by the greater variety in reported 

health status and the persistence of state-to-

state disparities. The observed differences are 

also correlated with the higher prevalence of 

long-term health problems in certain states, 

highlighted in Eurostat data [13], which helps 

to explain the lower levels of perceived health 

status. 

 
Table 3. Differences between rural and urban areas in terms of perceived health status in EU countries in the period 

2016ï2024 (%) 

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark -5.2 -10.7 -6.4 -9.5 -9.8 -8.8 -8.4 -5.0 -9.8 

Germany -2.1 -2.5 -1.6 -2.5 -4.3 -5.3 -4.2 -2.5 -4.0 

Spain -4.5 -4.2 -5.0 -3.6 -5.3 -4.5 -5.2 -4.4 -3.0 

France -4.2 -5.0 -4.2 -5.7 -2.8 -2.2 -4.0 -3.8 -4.8 

Italy -3.1 -1.7 -3.2 -1.7  **  -1.2 -1.9 -1.5 1.6 

Hungary -7.4 -5.9 -6.4 -3.6 -5.7 -6.6 -6.7 -7.4 -7.1 

Netherlands 5.0 2.6 3.4 4.9 2.6 -0.5 2.6 1.8 0.8 

Poland -3.8 -5.4 -4.0 -4.1 -2.6 -3.2 -0.4 -1.0 0 

Portugal -12.1 -10.9 -11.1 -10.2 -12.7 -13.1 -13.4 -12 -13.4 

Sweden -1.8 -6.6 -5.0 -6.0 -5.1 -8.1 -6.1 -7.9 -9.7 

Sursa: own processing, Eurostat [12]. 

 

Table 3 allowed us to directly assess the 

differences between rural and urban areas in 

terms of perceived health status, highlighting 

both the intensity and persistence of these 

gaps in the analyzed countries. The existence 

of distinct patterns between countries is 

observed. Thus, a first group is formed by 

countries characterized by small and relatively 

stable differences over time, such as Germany 

or the Netherlands, which indicates a high 

degree of balance in the distribution of 

medical services between urban and rural 

areas. A second group includes countries in 

which the differences are moderate but 

persistent, such as Spain or France, where the 

gaps are maintained throughout the analyzed 

period, suggesting the existence of structural 

imbalances. On the other hand, countries such 

as Portugal or Hungary are distinguished by 

large and constant differences between rural 

and urban areas, as a result of lower access to 

medical services in rural areas and a lower 

capacity to compensate for these disparities. 

Additionally, due to the trend of convergence 

between rural and urban regions, certain 

nations, like Poland, have seen a tendency in 

recent years to lessen these distinctions. As a 

result, disparities between rural and urban 

areas are noted; these disparities are not 

consistent across the European Union and are 

contingent upon the degree of development 

and the effectiveness of national health 

systems. 

To highlight the size and stability of the 

differences between rural and urban areas, we 

calculated the average of the gaps for each 
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country analyzed, the results indicating that 

countries such as Portugal and Hungary 

record the highest average differences, while 

Germany and the Netherlands have values 

close to zero, due to the high level of 

equilibrium. 

Also, the analysis of the variability of these 

differences highlights the fact that in some 

countries the gaps are relatively stable over 

time, while in others more pronounced 

fluctuations are observed, due to the less 

uniform evolution of access to health services. 

 
Table 4. Statistical analysis of health disparities between rural and urban areas in the EU, 2016ï2024 

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark 1.5 0.9 1.6 1.9 2.2 1.6 2.4 3.1 3.0 

Germany 0.3 0.3 0.2 0.6 0.1 0.1 0.3 0.3 0.9 

Spain 0.4 0.2 0.2 0.2 0.6 1.1 1.4 1.9 2.0 

France 1.4 0.9 1.4 1.4 2.7 3.0 3.5 3.4 4.0 

Italy 5.5 2.0 2.4 2.0  **  2.0 2.0 1.8 2.1 

Hungary 1.7 1.2 1.0 1.8 1.4 1.6 2.7 1.5 1.2 

Netherlands 0.2 0.1 0.3 0.2 0.2 0.3 0.3 0.4 0.8 

Poland 7.8 3.7 4.6 4.8 2.2 2.8 3.0 4.4 3.7 

Romania 5.0 3.2 4.3 3.6 3.7 3.2 4.1 4.8 1.8 

Sweden 1.9 1.8 1.6 1.5 1.6 1.5 1.9 2.3 2.6 

Sursa: own processing, Eurostat [12]. 

 

The accessibility of medical services in urban 

areas was analyzed through the share of the 

population that did not benefit from medical 

services due to barriers such as costs, distance 

or waiting time, based on the data in Table 4. 

Significant differences are observed between 

the analyzed countries in terms of the capacity 

of health systems to meet the needs of the 

population. There are countries in which the 

level of unmet medical needs remains low and 

relatively constant, such as Germany or the 

Netherlands, which indicates an efficient and 

accessible health system for the urban 

population. Other countries, such as France or 

Poland, are faced with higher levels of this 

indicator, due to the existence of dysfunctions 

in access to medical services even in urban 

areas. Also, the evolution of the indicator 

demonstrates the existence of a recent upward 

trend in several analyzed countries, due to the 

increasing pressure on health systems, 

especially in the context of external factors 

that have affected the capacity to provide 

medical services. At the same time, in some 

countries there is a trend towards a reduction 

in unmet medical needs after the peak period, 

as a result of the gradual adaptation of health 

systems and improved access to medical 

services. Although urban areas generally 

benefit from better access to medical services, 

there are still differences between countries, 

determined by the efficiency of health systems 

and their capacity to respond to the needs of 

the population. 

The increased vulnerability of rural areas in 

terms of access to health services is measured 

by higher levels of unmet medical needs 

(Table 6). Compared to urban areas, the 

values recorded in rural areas indicate the 

existence of persistent structural barriers, 

generated by factors such as the reduced 

accessibility of medical infrastructure and the 

limited availability of specialized services. 

Significant differences are observed between 

countries, depending on the capacity of health 

systems to cover the territory evenly. Because 

health services are well integrated at the 

territorial level, unmet medical needs are 

minimal even in rural regions in nations like 

Germany and the Netherlands. In contrast, in 

countries such as Romania or Poland, higher 

levels of this indicator are observed, 

highlighting persistent difficulties in ensuring 

equitable access to health services for the 

rural population. France has also recorded 

increasing values in recent times, due to the 

intensification of pressure on the health 

system in rural areas. 
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Table 6. Evolution of unmet medical needs in rural areas in the EU in the period 2016ï2024 (% population) 

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark 1.2 1 1.1 1.8 1.1 0.9 1.7 2.3 4.0 

Germany 0.2 0.2 0.2 0.1 0.2 0 0.1 0.1 0.6 

Spain 0.7 0.1 0.1 0.1 0.2 0.9 0.9 1.5 1.6 

France 1.1 1.1 1.1 0.9 2.3 2.4 3.0 3.7 4.3 

Italy 5.8 1.8 2.5 1.9  **  2 1.6 2.6 1.9 

Hungary 1.4 0.8 0.5 0.4 0.4 0.8 0.3 0.7 0.4 

Netherlands 0.1 0.1 0 0 0 0 0.1 0.1 0 

Poland 5.5 2.7 4.0 3.3 1.5 2.7 1.9 3.2 3.6 

Romania 8.1 6.0 5.1 5.4 5.7 5.8 5.4 5.9 2.6 

Sweden 1.2 0.7 0.6 1.1 1.5 1.0 1.8 1.5 1.6 

Sursa: own processing, Eurostat [14]. 

 

The evolution of the indicator also shows the 

existence of fluctuations over time, 

highlighting the sensitivity of the rural 

environment to changes in the health system 

and to external factors that affect the 

availability of medical services. 

Thus, the rural environment remains more 

exposed to the risk of exclusion from the 

health system, and the differences between 

states are largely determined by the level of 

development and the efficiency of public 

policies in the field of health. 

 
Table 7. Rural and urban differences in unmet medical needs in the EU, 2016ï2024 (%) 

Country 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Denmark -0.3 0.1 -0.5 -0.1 -1.1 -0.7 -0.7 -0.8 1.0 

Germany -0.1 -0.1 0 -0.5 0.1 -0.1 -0.2 -0.2 -0.3 

Spain 0.3 -0.1 -0.1 -0.1 -0.4 -0.2 -0.5 -0.4 -0.4 

France -0.3 0.2 -0.3 -0.5 -0.4 -0.6 -0.5 0.3 0.3 

Italy 0.3 -0.2 0.1 -0.1  **  0 -0.4 0.8 -0.2 

Hungary -0.3 -0.4 -0.5 -1.4 -1.0 -0.8 -2.4 -0.8 -0.8 

Netherlands -0.1 0 -0.3 -0.2 -0.2 -0.3 -0.2 -0.3 -0.8 

Poland -2.3 -1.0 -0.6 -1.5 -0.7 -0.1 -1.1 -1.2 -0.1 

Romania 3.1 2.8 0.8 1.8 2.0 2.6 1.3 1.1 0.8 

Sweden -0.7 -1.1 -1.0 -0.4 -0.1 -0.5 -0.1 -0.8 -1.0 

Sursa: own processing, Eurostat [12, 14]. 

 

The disparities in unmet medical requirements 

between rural and urban regions are clearly 

shown by the statistics in Table 7. Access to 

medical services is not evenly distributed 

among the nations under study; rather, it 

reflects the unique characteristics of national 

health systems and territorial development. 

There is a high degree of fairness in access to 

medical care in certain nations, including 

Germany and the Netherlands, where the 

inequalities between rural and urban regions 

are negligible and mostly consistent across 

time. In contrast, in other countries, the 

differences are more pronounced, highlighting 

the existence of persistent territorial 

imbalances. A relevant case is represented by 

Romania, where positive values of the 

differences indicate a higher level of unmet 

medical needs in rural areas, due to the 

difficulties related to ensuring uniform access 

to medical services. Poland also highlights 

differences in favor of the urban area, but with 

a tendency to decrease in recent years, as a 

result of improved access to services in these 

areas. At the same time, in some countries 

variations in the differences are observed over 

the analyzed period, due to the dynamics of 

access to medical services that are influenced 

by economic and institutional factors. 
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The existence of rural-urban inequalities in 

access to medical services is observed, but 

their size and evolution differ between 

countries, highlighting the determining role of 

public policies and the organization of health 

systems. 

 
Table 8. Correlation between perceived health status 

and unmet medical needs in the EU, in 2024 

Variables analyzed Pearson 

Coeficient 

Unmet medical demands and perceived 

health condition in cities 

0.43 

Unmet medical demands and perceived 

health condition in remote regions 

-0.35 

Disparities in unmet medical 

requirements and perceived health status 

between rural and urban areas 

-0.52 

Sursa: own processing, Eurostat [12, 14]. 

 

To highlight the complexity of the 

relationship between perceived health status 

and access to medical services, the correlation 

analysis was extended to several dimensions, 

the results indicating the existence of different 

relationships depending on the area of 

residence (Table 8). Thus, in urban areas, a 

moderate positive correlation is observed, due 

to the influence of additional factors on health 

status. In contrast, in rural areas, the 

relationship becomes negative, as a result of 

the higher level of unmet medical needs 

which is associated with a lower perceived 

health status. Also, the analysis of rural-urban 

differences highlights a more pronounced 

negative correlation, confirming the fact that 

inequalities in access to medical services 

directly influence the health status of the 

population. 

 
Table 9. Descriptive statistical indicators of perceived health status and unmet medical needs in the EU, in 2024 

Indicator 

Average Minimum Maximum 

Standard 

deviation 

Coefficient 

of variation (%) 

Perceived state of health 68.55 58.2 74.6 4.62 6.74 

Unfulfilled medical requirements 2.03 0 4.0 1.31 64.73 

Sursa: own processing, Eurostat [12, 14]. 

 

Descriptive statistical measures show how the 

examined nations differ in terms of perceived 

health and the degree of unmet medical needs. 

Thus, perceived health status records 

relatively high average values, but with 

variations between countries, due to the 

existence of differences in the quality of life 

and the efficiency of health systems. At the 

same time, unmet medical needs present a 

higher variability, highlighted by the standard 

deviation and the coefficient of variation, as a 

result of the existence of disparities related to 

access to medical services. The minimum and 

maximum values show that, while some 

health systems manage to ensure almost 

complete access to medical services, others 

face significant difficulties in meeting the 

needs of the population. The statistical 

analysis highlights the fact that the variability 

of access to medical services is more 

pronounced than that of perceived health 

status, as a result of the existence of additional 

factors that influence health status. 

Comparative analysis by groups of countries 

highlights significant differences between 

developed and transition economies in terms 

of perceived health status. Thus, developed 

countries record higher average values of this 

indicator, reflecting a higher level of quality 

of life and greater efficiency of health 

systems. Regarding unmet medical needs, the 

differences between the two groups are 

smaller, because although access to medical 

services is relatively similar on average, its 

distribution and the efficiency of service use 

can vary significantly (Table 10). 

 
Table 10. Comparative analysis of perceived health status and unmet medical needs by group of countries, in 2024 

Group of countries Average value of perceived  

health status (%) 

Average medical need  

unmet (%) 

Developed countries (DE, NL, SE, DK) 69.8 1.8 

Transition countries (RO, PL, HU, PT) 63.9 1.2 

Sursa: own processing, Eurostat [12]. 
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It follows that the level of economic 

development directly influences the health 

status of the population, but the relationship 

between access to medical services and health 

is complex and influenced by additional 

factors, including: the standard of living of the 

population, which plays an essential role, 

influencing both living conditions and the 

possibility of adopting a healthy lifestyle; the 

level of education, which contributes to the 

formation of preventive behaviors and the 

efficient use of medical services, which can 

lead to a better health status, even in 

conditions of access limitations; the lifestyle 

of the population, reflected in nutrition, 

physical activity level or consumption of 

harmful substances, which directly influence 

health status, independently of access to 

medical services; at the same time, the 

efficiency of health systems, expressed in the 

quality of services and their organization, can 

determine differences between countries, even 

under similar levels of access; last but not 

least, the demographic structure of the 

population and environmental factors 

contribute to variations between countries, 

influencing both the incidence of health 

problems and the perception of them. These 

factors explain why the relationship between 

access to medical services and perceived 

health status is complex and 

multidimensional. 

 

CONCLUSIONS 

 

The analysis carried out reflects the 

complexity of the relationship between access 

to medical services and perceived health 

status, demonstrating that this relationship 

cannot be reduced only to a direct 

correspondence between the two indicators. 

Although access to medical services 

represents a fundamental element in ensuring 

the health of the population, the results 

obtained demonstrate that their impact is 

conditioned by a series of additional factors, 

which vary significantly between countries 

and which reflect not only the level of access 

to medical services, but also the capacity of 

health systems to efficiently use available 

resources and respond to the needs of the 

population. Therefore, success in the health 

sector is influenced not only by the 

availability of services but also by their 

quality, institutional organization, and level of 

adaptability to regional and demographic 

particularities. At the same time, the 

inequalities existing between urban and rural 

areas are not uniform, they depend on the 

socio-economic context and the level of 

development of each country. In some cases, 

these differences are small, due to effective 

territorial balancing policies, while in others, 

there are larger gaps, which are due to 

difficulties in ensuring equitable access to 

medical services. 

The statistical results also highlight the fact 

that the variability of access to medical 

services is more pronounced than that of 

perceived health status, which shows that the 

health of the population is influenced by a 

broader set of determinants, which include 

economic, educational, behavioral and 

environmental factors, which underlines the 

multidimensional nature of health and the 

need for an integrated approach in its analysis. 

At the same time, the relationships identified 

between the indicators demonstrate that 

improving access to health services will not 

automatically lead to an increase in the level 

of perceived health, in the absence of 

complementary policies that aim at 

prevention, health education and the reduction 

of socio-economic disparities. Thus, the 

efficiency of interventions in the field of 

health depends on their capacity to integrate 

multiple dimensions of the population's well-

being. 

We believe that a systemic approach to public 

health is needed, in which access to health 

services is correlated with measures aimed at 

improving living conditions and individual 

behaviors. Reducing health inequalities 

cannot be achieved only by expanding the 

medical infrastructure, as it requires the 

implementation of integrated policies, adapted 

to the specifics of each state and oriented 

towards ensuring balanced and sustainable 

development. 

Based on the conclusions formulated, public 

policies must go beyond the paradigm 

exclusively focused on expanding access and 
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aim for an integrated approach, oriented 

towards efficiency, quality and equity. First, it 

is necessary to develop policies to strengthen 

primary and community medicine, by 

stimulating the presence of doctors in rural 

and disadvantaged areas (financial incentives, 

service housing, tax facilities), simultaneously 

with the expansion of telemedicine services to 

reduce geographical barriers. In parallel, 

mechanisms must be implemented to evaluate 

the quality of medical services, not only 

access, through standardized indicators at 

national and European level, correlated with 

performance-based financing. A flexible 

institutional reorganization is also required, 

allowing the adaptation of services to regional 

demographic and epidemiological 

particularities, including through controlled 

decentralization and local partnerships 

between authorities and service providers. 

Secondly, to respond to the multidimensional 

nature of health, policies must integrate 

interventions from outside the medical system 

itself. Thus, national prevention and health 

education programs, focused on life cycles 

and vulnerable groups, as well as intersectoral 

policies that reduce socio-economic 

inequalities (education, income, housing 

conditions, environment) are essential. In this 

regard, it is recommended to introduce 

"Health in All Policies" strategies, through 

which the impact on health is assessed in all 

major public policies. At the same time, 

integrated data monitoring and analysis 

systems must be developed, allowing the 

rapid identification of territorial disparities 

and the adaptation of interventions in real 

time. By correlating access to services with 

prevention, education and social inclusion 

measures, it is possible to ensure not only the 

improvement of perceived health status, but 

also the sustainable reduction of inequalities 

between populations and regions. 
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Abstract 

 

Cereal crops in the Romanian Plain are increasingly affected by drought, with significant economic consequences 

for farmers. The study analysed a 10-year period of wheat, corn, and sunflower production in a non-irrigated 

vegetable farm, where the only source of water was natural precipitation. The aim was to assess the correlation 

between yield variation and monthly precipitation levels in the critical development phases of each crop. An 

analysis of the production process capability was applied under current working conditions, but also in two 

simulated scenarios: partial irrigation and full coverage of water requirements. The results highlight high economic 

risks associated with rain-fed agriculture, especially in the case of corn. Sunflower presented the greatest 

productive stability under drought conditions, while corn proved to be the most vulnerable. The study emphasizes 

the essential role of irrigation in reducing variability and ensuring production security in the Romanian Plain. 

Targeted investments in irrigation systems, especially for medium-sized farms, are essential for increasing 

agricultural resilience and aligning with Sustainable Development Goal 2 ï Zero Hunger of the 2030 Agenda. 

 

Key words: weather dependence, wheat, corn, sunflower, drought, agriculture  

 

INTRODUCTION  
 

Weather dependence is a common 

phenomenon on farms in Romania. A 

pervasive study on the current state of 

agriculture in Romania, during the period 

1990-2021, presents the evolution of the 

average cereal production and the amount of 

precipitation during that period. The evolution 

trend of both indicators is visibly similar, 

which demonstrates the high dependence of 

agricultural production on precipitation [39]. 

Ensuring the water requirement for crops in 

many areas of the world remains a difficult 

problem to solve. Various irrigation methods 

to ensure production and food security are of 

permanent scientific interest [10, 26, 49]. 

The large variations in agricultural production 

on farms where the only water comes from 

precipitation frequently make it impossible for 

farmers to cover production expenses in 

certain years. 

Capability analysis is an economic-

mathematical method that consists of 

analyzing a series of initial data relating to a 

production process and predicting whether the 

process can produce outputs that meet initially 

established requirements. If two limits are set, 

one lower and one upper, relating to outputs, 

production processes that have high 

variability will have difficulty fitting between 

the two limits. When the variability of the 

process is low, fitting within the set limits 

occurs more frequently, and therefore the 

economic risks of farmers will manifest 

themselves less frequently. The value of 

capability indices provides an image of these 

situations [50]. Capability analysis has a 

multitude of applications, in manufacturing 

processes [30], quality engineering [27], or in 

the economic field [17]. 

The southern area of Romania is mostly plain 

in shape. The Romanian Plain covers this 

geographical area. It is located north of the 

Danube, in the lower course of the river. Its 

surface area is approximately 49,594 km2. 

The average annual temperature is 

approximately 11-13 degrees Celsius. The 

average annual frost-free time is 200-220 

days. July has the highest average 

mailto:ioanabalan@usvt.ro
mailto:andamilin@usvt.ro


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

266 

temperature, 21-23 degrees Celsius. However, 

anthropogenic factors bring multiple climate 

changes [21]. The proximity to the Danube 

makes it possible to irrigate farms in this area, 

but it also brings with it large investments and 

the obligation to comply with environmental 

protection requirements. Under these 

conditions, the properly irrigated agricultural 

area is only approximately 10% of the total [4, 

22, 42]. Due to the large investments, the 

dilemma faced by farmers is how to choose to 

irrigate their land or even to continue their 

activity without irrigation. 

The Romanian Plain is an agricultural area 

with an important tradition for the cultivation 

of cereals. Some climate changes are making 

their presence felt in this area, but slowly. 

Farmers sometimes notice a lack of 

precipitation at the right time. The 

phenomenon of desertification of large areas 

of Romania is recognized [8, 11, 37]. The 

concrete, local economic implications of such 

phenomena remain to be evaluated and 

updated. 

This study attempts to fill a gap in the 

specialized literature regarding the assessment 

of the current risks faced by farmers in the 

Romanian Plain who practice a cereal 

cropping system in the absence of irrigation 

when relying exclusively on water from 

precipitation. 

Field research is hampered by the lack of 

reliable statistical data that accurately 

describes the response of local cereal 

production in the absence of irrigation. The 

restitution of old properties, which began in 

1990 in Romania, has led to a significant 

degree of land fragmentation. Many owners 

own and work small areas of agricultural land. 

They practice a form of subsistence 

agriculture. Cereal production yields differ 

from one owner to another due to the different 

production technologies they use. Moreover, 

cereal production is often financially 

supported by its income, other than the direct 

ones involved in agricultural production. This 

is because the products of vegetable farms are 

used for their consumption or the livestock 

farms, they own. Economic data cannot be 

quantified in value in an exact form. An 

assessment of the economic risks involved in 

the absence of irrigation on small farms may 

be inconclusive. 

On the other hand, there are also large farms 

in the Romanian Plain, which use modern 

technologies and irrigation. These farms are 

protected from drought. Even in this category, 

the risks brought by the absence of 

precipitation cannot be studied. 

Therefore, only a certain category of medium-

sized farms that constantly monitor the 

production they obtain and which, at the same 

time, are weather-dependent, regarding the 

provision of water necessary for crops, remain 

a useful source of statistical data.    

Currently, there are associations among 

farmers to bring the water needed for 

irrigation, but in this case, it is possible that 

the water requirement is not completely 

covered. In the paper, a scenario with a partial 

coverage of the water requirement was created 

and studied. There are also cases in which 

farmers have developed their irrigation 

systems that can bring them their full water 

requirement. This case is studied in a second 

scenario. 

Since, on the other hand, intensive use of 

irrigation in agriculture is sometimes 

unsustainable, policies on agricultural 

irrigation need to be developed at the level of 

the entire area and not at the level of an 

individual farm. Thus, it is necessary to have a 

clearer picture of the economic impact of 

different scenarios regarding the size of water 

resources used. 

Literature review  

Water plays an essential role in the entire food 

cycle and ensuring its quantity and quality is 

becoming increasingly difficult. Drought 

warnings and alerts often appear in Europe for 

large areas. Periods of heavy rainfall are 

observed followed by the absence of rainfall. 

The implications for agriculture but also the 

implications that agriculture has on water 

resources were the subject of a European 

Parliament Resolution on the consequences of 

drought and other negative phenomena [40]. 

Water is not always used sustainably in 

agriculture, and the European Court of 

Auditors has noted this and called for the 
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CAP (Common Agricultural Policy) to be 

aligned with EU water policies [16]. The 

inequalities resulting from the absence of 

traditional water sharing not only lead to 

inefficient use of water resources globally but 

also to conflicts between irrigators in France 

[43]. It is also proposed, where possible, to 

change cropping technologies, land use, and 

the establishment of other crops that require 

less water, to use resources sustainably [24]. 

In Romania, the coexistence of very large and 

very small farms in the same area is common. 

These large disparities entail negative 

phenomena regarding sustainability [38]. 

There is also the phenomenon of the 

concentration of resources, including water, 

towards large farms, with direct negative 

socio-economic implications in the rural 

environment. In Romania, many of the 

irrigation systems were built before 1989. If 

cooperative agriculture was the predominant 

form during that period, the changes that 

occurred regarding ownership, especially the 

high number of different properties, can lead 

to difficulties in the management and 

maintenance of irrigation systems. In the 

eastern part of the country, their degree of 

degradation reaches 40-60% [29]. Water 

losses are important and also make efficient 

irrigation impossible. The response of 

different crops under the effect of different 

irrigation systems is also studied in Romania, 

indicating the efficiency of higher value plants 

that can be adapted to water shortages [44]. 

Of the total population of the South-West 

Region, which includes the study area, 63.4% 

of people were connected to the public water 

supply system and only 48.2% to the sewage 

systems [33, 34]. A large part of the water 

consumed is therefore not subjected to the 

purification process but is discharged directly 

into the ground through pits. In addition, in 

the absence of a connection to the sewage 

system, the input-output correlation is 

difficult to follow, and losses cannot be 

estimated correctly. 

The European Union policy is one that 

understands the water deficit in agriculture, 

especially during certain periods of the year. It 

recognizes the importance of irrigation in 

agriculture, but at the same time imposes 

restrictions to conserve water resources, 

maintaining a continuous balance. The 

legislative framework provides important 

support in support of this balance. Reusing 

wastewater can be an effective solution, given 

that currently most rural localities in the 

Romanian Plain have recently been connected 

to water networks. The minimum 

requirements for water reuse are regulated by 

law [14]. Water losses in distribution 

networks, sources of pollution that can make 

water unsuitable for reuse, but also other 

aspects that give water the quality of a 

heritage asset that must be protected, are 

regulated by Directive 2000/60/EC [13]. CAP 

2023-2027, brings changes in the sense of 

supporting smaller farms and ensuring equity 

[15], along with a diverse list of measures 

aimed at sustainable development and 

achieving positive results and performances 

[2, 7, 12, 41]. The conclusions of the literature 

study indicate the need for sustainable water 

use in agriculture. This must be regulated at 

the national level in Romania, and not just 

individually at the level of agricultural 

holdings. Such steps must be preceded by a 

good knowledge of the concrete situation at 

the level of the economy of individual farms, 

knowledge of the economic risks and the 

factors that involve them, respectively of the 

regional particularities.  

In this context, the goal of this research is to 

evaluate the relationship between yield 

change depending de monthly precipitations 

during the period of vegetation of wheat, 

sunflower and maize and to develop two 

scenarios: one which involves partial 

irrigation and the second which assure the 

coverage of the water needs of the crops. 

Finally, the risk evaluation was estimated in 

care of water insufficiency in the local 

conditions in order to claim for financial 

support for the producers who could be 

affected by production and income losses.  

 

MATERIALS AND METHODS  

 

The study is based on data obtained within a 

mixed crop farm, where wheat (60%), 
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sunflower (30%), and corn (10%) 

predominate. The farm has approximately 200 

hectares and is located within the 

administrative boundaries of MehedinἪi 

County, near the PŁtulele locality.  

The land is located in several plots with 

different areas ranging from 1 hectare to 40 

hectares.  

Statistical observations were used for a period 

of 10 years, from 2014-2024, regarding the 

average production per hectare but also 

regarding certain financial details, for the 

establishment and maintenance of the 

agricultural crop and the valorization of the 

products.  

The following abbreviations are used in this 

manuscript: NMA - National Meteorological 

Administration, NIS - National Institute of 

Statistics, CAP - Common Agricultural 

Policy, National Research and Development 

Institute for Pedology, Agrochemistry and 

Environmental Protection - NRDIP. 

The research involved a literature review and 

discussions with farmers, owners of 

agricultural holdings in the study area.  

 

 
Fig. 1. Representation of research procedure design 

Source: Authorsô original representation. 

 

The holding where the case study was 

conducted has the advantage of having 

multiple plots of different sizes, which from a 

statistical point of view, by being located in 

different locations, ensures a good 

representativeness of the studied territory. The 

essential steps followed are described in 

Figure 1. 

The average annual production obtained and 

used as statistical data was calculated by 

dividing the total production to the cultivated 

area.  

The approximate position of the farm and its 

location on the map of Romania is shown in 

Map 1.   

 

 
Map 1. Location of the studied vegetable farm in the 

Romanian Plain 

Source: Authorsô original processing after Google 

Maps [20] and Geoportal [19]. 

 

The formula used to calculate the process 

capability was: 

ὅ άὭὲ
ὟὛὒά

σ„
ȟ
ά ὒὛὒ

σ„
 ȣȣ  ρ 

 

where:  

USL - Upper Specification Limit,  

LSL - Lower Specification Limit,  

m ï Mean  

ů - Standard deviation of the data series. 

LSL values represent a minimum economic 

threshold of production. A production value 

lower than this threshold could not cover the 

production costs of the farm.  

USL values represent a maximum desired 

threshold which, if exceeded, would lead to 

environmental degradation due to excessive 

fertilization or pesticide application but also to 

production costs that are much too high 

compared to the farm budget.  

Both values, LSL and USL, are specific to 

each crop within a farm. Cpk values <1 show 

that a production process has no capability. 

Cpk values between 1 and 1.33 represent a 

low-capability process. Cpk values greater than 

1.33 show that a process is capable. 

Depending on the particular requirements of 

the production, sometimes even higher indices 

are pursued, 1.67 or even 2 [31,50]. 
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The precipitation values in the studied area 

were the subject of a correlation analysis with 

the agricultural production obtained. The 

multiple correlation coefficient was used. This 

coefficient indicates the intensity of the link 

between the predictor variables xi and a 

dependent variable y. With the notation ώȇ for 

the average of the values of the series y and  ώȇ 

calculated by the linear regression model, the 

expression of the multiple correlation 

coefficient is: 

ὙȾ ρ
В

В ȇ
           ééé.   (2) 

The Cpk values for the entire farm will be 

calculated by formula: 

 
ὅ ὅ ὴ ὅ ὴ ὅ ὴ      

éééééééééééééééé..(3) 

where: pi represents the weight of each 

agricultural crop, and Cpki are the values of the 

capability index Cpk. For statistical 

calculations, the SAS Studio 9.4 software 

package was used. [46]. The precipitation 

values that formed the basis of the correlation 

analysis are taken from the NMA - 

meteorological reports [35]. 

 

RESULTS AND DISCUSSIONS 

 

The precipitation level in the Romanian Plain 

is frequently lower than in other areas of 

Romania. The estimated precipitation values 

in the studied farm area based on NMA data, 

over the 10 years, are presented in the form of 

a statistical summary in Table 1.  

 
Table 1. Statistical summary for precipitation values 

during the period November 2014-August 2024, in the 

studied area (mm/month) 
 Mean Median Standard  

Deviation 
Minim Maxim 

November 66.6 63 33.8 15 113 

March 45.6 30 34.6 5 113 

May 61 63 21.3 25 87 

July 52.2 54 29.6 5 87 

August 28 35 17.0 5 45 

Source: Authorsô original calculation using NMA data 

[35]. 

 

The average level in November was 66 mm, 

while in March it was only 45 mm. 

The water consumption of plants is a variable 

parameter, which depends on the plant 

studied, the soil, the climatic conditions but 

also on particular factors. However, following 

the specialized studies, in wheat, in the 

months when water is physiologically 

essential, November, March, May, the 

average monthly water consumption is 

ensured by precipitation at the level of 40 mm 

[5].  

Figure 2 shows the precipitation values 

compared to the water consumption of wheat. 

Even if the average values in the analyzed 

period exceed this value in November and 

May, the median value for March of the years 

2015-2024 shows that in half of these years, 

the precipitation level was less than 30 mm in 

this month. This fact can create serious 

damage to the wheat crop in the absence of 

irrigation. Water consumption in corn is 

different in the stages of plant evolution. 

Following the research presented in the 

specific literature, we can appreciate an 

average water consumption ensured by 85 mm 

of precipitation in July [1, 28].  

In the months when water is essential for corn 

cultivation, May, July, and August, the 

monthly precipitation values estimated based 

on NMA data in the studied area are shown in 

Figure 3 along with water consumption.  

According to the statistical data in Table 1, 

the average precipitation values are lower than 

the 85 mm threshold. Moreover, following the 

data in Figure 2, this threshold is only very 

rarely reached. A fact known to farmers is 

therefore confirmed, namely that the yield of 

corn production does not ensure economic 

efficiency in non-irrigated farms in the 

Romanian Plain, only in rare periods when 

precipitation is quantitatively sufficient. 

Even though the water consumption of 

sunflower is similar to that of corn, it is a 

more drought-resistant plant [6, 23, 25].  

This fact becomes an argument of farmers 

who have an interest in this plant. 

However, the stricter technical conditions, 

crop rotation, do not allow cultivation on large 

areas as a share in the total farm area.  

 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 26, Issue 2, 2026 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

270 

(a) 

 
(b) 

Fig. 2. Precipitation level and water consumption.  

(a) Evolution of monthly precipitation in November, 

March, and May, during the period 2015ï2024, 

compared to the average water requirement for the 

wheat crop.  

(b) Evolution of precipitation in May, July, and August, 

during the period 2015ï2024, compared to the average 

water requirement for the corn crop. 

Source: Authorsô original representation using NMA 

data [35]. 

 

The study on the correlation between the 

average production of cultivated cereals and 

precipitation was carried out under the 

following conditions: 

-The dependent variable is average production 

-For wheat, per hectare over the 10 years, and 

the independent variables are the rainfall in 

the farm area in November, March, and May 

of the years related to the crop. 

-For corn and sunflower the dependent 

variable is the average yield per hectare, and 

the independent variables are the rainfall in 

the farm area in May, July, and August of 

each year studied. 

Those months of the year in which 

precipitation is essential for plant 

development were chosen for statistical 

analysis. Furthermore, from a mathematical 

point of view, the predictive capacity of 

models with a large number of variables can 

be subject to errors and this fact led to the idea 

of testing weather dependence using only 

three independent variables as predictors. 

The values of the multiple correlation 

coefficients, R, calculated for each 

agricultural crop are: Rwheat=0.56, Rcorn=0.76 

and Rsunflower=0.48 respectively. R values are 

often considered to indicate a medium level of 

correlation when they are between 0.4 and 

0.7. Values between 0.7-0.9 indicate a high 

correlation [9]. 

Corn is the plant whose production was 

strongly correlated with the amount of 

precipitation that fell in the three essential 

months. Specifically, low corn productions 

are related to dry years, and on the other hand, 

high corn productions were obtained when 

precipitation was quantitatively sufficient, 

given that the cultivation technology was not 

modified. Wheat and sunflower have a 

medium level of correlation regarding weather 

dependence. The lowest coefficient is for 

sunflower. This is the plant whose production 

is therefore the least affected by the amount of 

water available. 

The statistical summary describing the 

agricultural production values, expressed in 

kg/ha, are presented in Table 2.  

During the 10 years, in the period 2015-2024, 

under conditions in which the lands were not 

irrigated, the average wheat production was 

4,700 kg/ha. It is slightly higher than the 

average wheat production in that period in 

Romania, of 4,230 kg/ha. In the same time 

interval, the South-West Oltenia Region has 

an average wheat production of 4,111 kg/ha. 

In corn, the average production obtained on 

the farm is also higher than the national 

average, 4,976 kg/ha, and the regional 

average, 4,700 kg/ha. And in sunflower, the 

average production of 2,710 kg/ha exceeds the 

national average, 2,294 kg/ha and the regional 

average, 2,335 kg/ha, according to NIS -

AGR110A [32]. Even in the absence of 

irrigation, the establishment and maintenance 

of agricultural crops were carried out 

properly. We can therefore assume that the 

main factor that is absent is water, in dry 

years. 
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Table 2. Statistical summary for on-farm cereal 

production in the period 2015-2024, under No 

irrigation (weather-dependent) conditions 

 
Wheat Corn Sunflower 

Mean 4,700 5,350 2,710 

Std Dev 879.3 1,546.5 455.7 

Minimum 3,000 3,000 2,000 

Maximum 6,000 8,500 3,400 

rank 3,000 5,500 1,400 

Coeff of Variation 18.7 28.9 16.8 

Lower Quartile 4,000 4,000 2,300 

Upper Quartile 5,200 6,000 3,000 

Source: Authorsô original calculation using SAS Studio 

of statistical data from the studied farm. 

 

Corn has the highest coefficient of variation, 

range, and standard deviation. In the case of 

other plants, important changes in agricultural 

production are also observed from one year to 

the next. For wheat, the LSL value was 

estimated at 3,700 kg/ha and is based on 

average production costs, including subsidies 

granted by the Romanian Agricultural 

Payments and Interventions Agency.  

The USL value for wheat was estimated at 

8,000 kg/ha. Similar calculations were made 

for corn, where the LSL value was estimated 

at 4,500 kg/ha and the USL at 12,000 kg/ha. 

For sunflower, the LSL value was estimated at 

2,000 kg/ha and the USL at 4,500 kg/ha. 

Following certain studies carried out in 

Romania, due to irrigation, production 

increases were observed with values of 1,000-

1,500 kg for wheat and 2,500-3,000 kg for 

corn in years when the rainfall level was 

normal and even double in years when there 

was drought, compared to non-irrigated lands 

[36] and approximately 1,000 kg for 

sunflower [48]. Rainy years do not lead to 

production increases due to irrigation, as it is 

not necessary. 

Starting from the values of quartiles 1 and 3 

for the data series of grain production on the 

farm according to the data in Table 1, the 

years with low and high production in the 

statistical series were delimited. By making 

the value corrections of the type above on the 

productions obtained, the productions were 

estimated in the case of two irrigation 

scenarios. 

Scenario 1, Irrigation ï partial protection, 

consists of incomplete irrigation of the lands 

and thus brings only partial protection of 

crops against drought.  

Scenario 2, Irrigation ï full protection, 

consists of irrigating the lands with a 

sufficient quantity of water to ensure grain 

production with values similar to those in the 

years with high production.  

This scenario would therefore induce a total 

protection of crops in drought conditions.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. Wheat (a), corn (b), sunflower (c) production, 

obtained on the farm over 10 years (2015-2024) in the 

absence of irrigation (weather dependent), and two 

scenarios with estimated production under partial and 

total irrigation conditions 

Source: Authorsô original representation using SAS 

Studio of statistical data from the studied farm. 

 

As a reference, the series of real productions, 

obtained without irrigation, in a weather-

dependent manner, regarding naturally fallen 

precipitations, is also analyzed. 

 This case is generically referred to the paper 

as No irrigation ï weather dependent. 
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The three cases, two scenarios proposed 

following the calculations, along with the 

actual production obtained in the absence of 

land irrigation, for each cereal crop, are 

presented in Figure 3 (a) for wheat, Figure 3 

(b) for corn, Figure 3 (c) for sunflower. 

Starting from the scenario values presented in 

Figures 3, data processing using Capability 

Analysis involved determining the percentage 

frequencies of production values, estimating 

the evolution curve of the probability density 

function, for each scenario, for each cereal 

crop in particular, in Figures 4 a)-i), then 

determining the statistical parameters useful 

within the formula for determining Cpk and 

the concrete calculation of Cpk values (Table 

3). 

 

 
(a) 

 
(b) 

 

(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 


