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Abstract

The paper analyzes the state of digitalization in Romaaianr i cul t ur e, aiming to asse:«
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 comhfarms (Standard Output

> 0ulo00,000). The research is guided by two hypothes
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. TA&ddbntbgion

records the highest DFI score (25.5@)hile the Center region leads in automation (38.04%), mainly due to the
livestock sector. The NortfEast region stands out at the managerial level (9.27%), whereas-BghOltenia

faces severe connectivity gaps (22.54%). Comparatively, the natiéhakBches 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 largscale holdings. The study concludes that agricultural policies should be tailosgzbtific

regional realities rather than based on uniform approaches.

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

INTRODUCTION availability of digital technologies does not
automatically lead to improved performance
The transition toward the Agriculture 4.0 of agricultural holdingswhich highlights the
paradigm presents a major stage in theneed for multidimensional instruments
transformation of agrfood systems at the capable of assessing the digital maturity of
global level, being characterized by thefarms. Moreover, when viewed through the
extensive integration of Internet of Things lens of clasical and contemporary theories of
(loT) technologies, Big Data analytics, andeconomic  growth and  development,
aubnomous  solutions into  agricultural technological innovation goedeyond the
production processes (Verdouw et al.,, 2021ktatus of a simple quantitative factor,
[13]. representing, in essence, the main driver of
At the European level, the objectives set outhe structural and qualitative transformations
under the Digital Decade 2030 outlineo f economic systems (At
ambitious strategic directions aimed atRomania, the process of agricultural
accelerating the digitalization of rural asea digitalization is currently in astage of
and enhancing the competitiveness of theonsolidation. Although recent bibliometric
agricultural sector (European Comission,studies indicate an intensification of scientific
2021) [5]. Nevertheless, the specializedinterest in the digitalization of agriculture
literature suggests the existence of significantStoica et al., 2022) [10], the specialized
digital disparities, manifested not only literature points to the absence of adequate
between Member States but also internallycomposite indicatrs for  quantifying
among agricultural regions characterized bytechnological progress at the regional level.
different levels of technological development. Digital transformation in the Romanian rural
(Say et al., 2018) [9]n this context, the mere space represents a wéslunded prerequidite,
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being closely dependent on the capacity tdigital performancerad regions characterized
participate in the digital economy and on theby structural constraints. Moreover, by
adaptation of human resources to new comparatively assessing the index according
requirements ( Bu'™Hu e to tha lhumper @f GaZndb ;versusothel utlieesic u e
al., 2023) [2,7]. At the European level, theagricultural area, the paper analyzes the
literature emphasizes the importance ofinfluence of productive specialization and
structural and technological factors ineconomic size on #h typology of adopted
explaining  differences in  agricultural technologies and explores the role of
performance, whildechnical endowment and connectivity as a potential structural barrier to
resource management play a decisive role ithe implementation of advanced precision
achieving efficiency objectives (Coca et al.,agriculture solutions.

2023) [3]. This integrated approach provides a detailed
At the same time, the implementation ofdiagnosis of territorial vulnerabiigs and
digital decisiorsupport systems faces barrierscontributes to the specialized literature by
related to the economic size of the farmproposing a clear and replicable analytical
(Bodescu et al., 2022) [1], while the framework for monitoring digital
integration of Big Data flows is becoming a transformation in emerging agricultural
strategic necessity for improving the economies. Through the comparative analysis
efficiency of agricultural management (Cofas,of the eight NUTS 2 development regiorse t
2023) [4]. Although there is significant study highlights the need to design
potential for the adoption of smart differentiated agricultural policies capable of
technologies, e process of agricultural responding to the structural specificities and
digitalizations is confronted with major level of digital maturity of each region,
structural challenges, with technologicalthereby facilitating the reduction of
upgrading becoming an essential instrumentechnological disparities and the strerggting

for increasing sectoral competitivenessof t he agricultural secto
(herban et al., 2025) [11]. The analysis of
regional disparitie shows that the level of MATERIALS AND METHODS

digital infrastructure and the structural

speficicities of each region determine the pac& he research is based on the analysis of data
of technological adoption at the territorial derived from the Eurostat database, using
level (Popescu et al., 2025) [8]. Forupdated datasets for reference year 2023
commercial holdings with a Standard Outputregarding the adoption of technologies in the
exceedi,a00, digitalifdafon tends to agricultural sector. In order to ensure the
become an important determinant ofeconomic relevance of the results and to
competitiveness and economic sustainability. capture the behavior of holdings with a high
Starting from these premises, the maininnovation potential, the analysis is carried
objective of the research is to develop andut exclusively on commercial farms with a
apply a rigurous model for evaluating digitalSt andar d Out put ehsceedi n
maturity, operatinalized through the Digital methodological choice makes it possible to
Farm Index (DFI). Built on a methodology reduce the distortions generated by
based on asymmetric weights, designed tsubsistence agriculture and to focus the
reflect the specific agronomic impact of theanalysis on the segment of holdings that
four pillars of digital adoption, and using possess the technical and financial capacity
Eurostat data for 2023 [6], the proposed indexequired to implement advanced digital
makes itpossible to test hypotheses regardingsolutions. The analysis is conducted at the
the distribution and determinants ofl ev el of Romani ads ei o
technology adoption at the regional level. Indevelopment regions, thus enabling a
this regard, the study investigates thecomparative assessment of territorial
existence of pronounced territorial differences in the process of digital
asymmetries between regions with hightechnology adoption.
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The evaluation of the digital maturity of where:
agricultura holdings was carried out through P1 represents the share of farms with internet
the construction of a composite indicator, theaccess;
Digital Farm Index (DFI), structured around P> represents the share of farms using
four essential dimensions of the technologicabrecision agriculture technologies;
modernization process. The dimensionsPs represents the share of farms using robotics
analyzed include: (1) connectivity, assesse@nd automation solution;
through the level of internet access amonds represents the share of farms using digital
holdings; (2) precision agriculture, reflected farm management systems (FMIS).
by the use of global navigation satellite This methodological choice of ifterential
systems (GNSS) and sendmsed weighting was adopted on the premise that not
technologies; (3) robotics and automation,all dimensions of digitalization have the same
capturing the adoption of drones andcapacity to generate direct effects on the
autonomous ceuipment; and (4) digital technical and economic performance of
management systems, measured through thegricultural holdings. Internet connectivity,
use of Farm Management Information although indispensabl@rimarily represents a
Systems (FMIS) applications. For eachbasic infrastructural condition, which is why it
dimension, the basic indicators were takenwas assigned a weight of 20%. By contrast,
directly as percentages of commercial farmsrecision agriculture was considered the pillar
in each region that use theespective with the most direct agronomic impact on
technologies, or as percentages of thenput optimization, cost reduction, and the
agricultural area managed throughincreasd efficiency of resource use, which
technologies. justifies the highest weight, namely 35%.
To ensure the territorial comparability of the Robotics and automation were assigned a
raw data provided by Eurostat, the basicweight of 25%, reflecting their significant
indicators for each dimension were calculateccontribution to the efficiency of operational
in percentage terms. Spkcally, the number processes, especially in specialized holdings.
of farms, or the agricultural area in hectarespDigital management systems (FMIS) were
using a given technology was divided by theweighted at 20%, given their role in
total number of commercial farms, or to theintegrating technological information and
total agricultural area, in the respective regionsupporting managerial  decisiomaking,
and the result was multiplied by 100. In thisalthough their impact on production is more
way, percentage values were obtainedjndirect compared with technologies applied
reflecting the actual degree of penetration ofdirectly in the field or within automated
each technology. processes. Therefore, the weighting structure
Given that all four indicators used in theused aims to differentially reflect the
construction of the DFI are expressed on theestimated contribution of each dimension to
same percentage scale, with values ranginthe digital maturity of agricultural holdings.
from O to 100, the applation of a prior The weights used reflect a conceptually
statistical normalization procedure was notgroundedanalytical choice and do not claim
necessary. However, unlike traditional to establish a universally valid hierarchy for
approaches based on simple averages, thal types of agricultural holdings. The same
present methodological framework employs acalculation procedure was applied both to
system of asymmetric weights. Accordingly, indicators reported in relation to the number
the composite indicator Digit Farm Index of agricultural holdings and to those ogfed
(DFI) was determined through the weightedin relation to the utilized agricultural area
aggregation of the four pillars, according to(UAA), in order to capture the differences
the following relationship: between technology adoption at the farm level
and the territorial extent of digitalization.
DFI= (P. x 0.20) + (R x 0.35) + (Rx 0.25) + (Rx  Another methodological innovation of this
0.20) study lies in calculatinghe DFI from a dual

17



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development

Vol. 26,Issue2, 2026

PRINT ISSN 22847995, EISSN 22853952

perspective: (1) in relation to the number ofreducing digital disparities and accelerating

agricultural holdings and (2) in relation to the technological convergence.
utilized agricultural area (hectares). This dual
approach is essential for isolating the effect oRESULTS AND DISCUSSIONS
economic size and for capturing structural

differences, namely whether technology isThe results obtained from processing Eurostat
adopted on a broad scale across farms idata (2023) reveal a national configuration
general or whether it is concentrated primarilycharacterized by pronounced technological

in largescale holdings.

fragmentation among commercial farms in
The resulting values were subsequenltyRomania. The analysis targets the segment of
subjected to a comparative regional analysisholdings with a Standard Output exceegi
and t he

with the aim ofidentifying the predominant 1t 100, 000,
patterns of technology adoption and testingdigitalization  does

hypotheses
agricultural

regarding the
specialization,

influence
for

example by divergent
livestock farming versus crop production, onaggregating the indicators into a composite
the structure of digitalization process. Theindex,

the analysis

proposed methablogy provides a clear and components (Table

replicable analytical framework capable of differentiated territorial distribution of digital
innovation, in which basic infrastructure and
policies aimed at advanced technologies evolve at distinct
paces.

supporting the folumation of evidenbased
regional agricultural

Table 1.Regional adoption rates of digitale c hn ol ogi es

i n Romani an

regional

of the

not represent
ofhomogeneous process, but rather one marked
priorities. Before

highlights

individual

commer ci al

Ei%éozn Farms with internet Precision_agriculture Roboti(_:s and Farm management
access (%) adoption (%) automation (%) 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
Bucharestllfov 46.15 7.69 7.69 3.85
Southi West Oltenia 22.54 17.61 11.27 2.11
West 48.98 12.24 10.88 4.08
Sour ce: apdcdssing Baded onviEnrostat data, 2023.

The analysis of the regional distribution of disparities at the el of basic infrastructure.

of This discrepancy of more than 37 percentage
commercial holdings highlights a spatial points suggests that, in the absence of stable
pronounced access
divergent

digitalization indicators at

configuration
heterogeneity,
investment
profiles. The
modernization
agriculture  is
heterogeneous

marked by
defed by
priorities and
raw data show
process  of
characterized
technological

across the analyzed regions.
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the level

to

communication
substantial share of commercial farms in the
specialization southern area is excluded from the benefits of
that theintegraton into cloudbased ecosystems or

Romanianreattime data transfer,
by alimiting the scalability potential of digital
configurationinnovations.
With regard to robotics and automation, the
Connectivity currentlyrepresents the main data confirm the hypothesis that the regional
structural barrier fragmenting the national production profile acts as aatalyst for the

agricultural landscapeThe sharp contrast typology of
between the NorthVest Region (60.25%) and particular situation of the Center Region,
the SouthwWest Oltenia Region (22.54%) which records an adoption rate of 38.04%,
indicates the existence of structural digitalrepresents an indicator of the maturity of the

thereby severely

technologies adopted.

networks,

resul
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commercial livestock sector in this territory. feeding systems, thereby generating a distinct
In the context of intesive livestock farming, technological profile compared with regions
investments have been directed primarilydominated by crop farmswhere interest in
toward the automation of production robotic solutions remains, for the time being,
processes, such as autonomous milking omarginal.

\\\\\

Oltenia

adoption rates of digital technol ogi
Gwastat datap2028s si ng based on

The analysis of the digital managementRomania remains a selective process,
(FMIS) and precision agriculture pillars concentrated mainly in certain categories of
highlights the NortkEast Region as the holdings and regions. The NofNest
benchmark for the professionalization of data provides the infastructural base, the Center
driven decisioamaking. Although it des not dominates physical automation, while the
hold the leading position in the connectivity North-East stands out in terms of managerial
pillar, this region ranks first in the use of farm maturity. This asymmetric distribution fully
information management systems (9.27%)ustifies the need for differentiated
and precision technologies (18.05%). Thisagricultural policies capable of addressing the
convergence indicates a transition toward apecific lottlenecks of each region in order to
datadriven management mell specific to ensure sustainable technological convergence.
largescale crop holdings seeking rigorousFor a deeper understanding of the structural
input optimization. A paradoxical situation impact of digital technologies, the analysis
can be observed in the Sotest Oltenia was extended from the number of holdings to
Region, where the adoption rate of precisiorthe utilized agricultural area (UAA)This
agriculture (17.61%) contrasts sharply withperspective  highlights a process of
the deficit in interne infrastructure. This technological concentration, in  which,
situation suggests a model of digitalizationalthough the share of digitalized farms may
focused on smart hardware, such as GNS&ppear relatively modest, their contribution to
systems with partially offline functionality, the total agricultural area is considerably
which, although improving the efficiency of higher. The results confirm that largeale
mechanized operations, remains vulnerabléioldings represent the main drivers of
due to the lackof integration into complex modernization, generating a disproportionate
data flows.The analysis of the figure shows effect on the dynamics of digital
that the digitalization of commercial farms in transformation within the agricultural sector.
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Table 2. Share of utilized agricultural area (UAA)maged through digital technologies in Romanian commercial

farms
Region . - . .
NUS 2 Farms with internet PreC|S|on.agr|cuIture Robotlgs and Farm management
access (%) adoption (%) automation (%) 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
Bucharestllfov 45.52 9.37 11.81 0.00
Southi West Oltenia 30.99 25.01 13.77 3.58
West 56.98 20.79 11.52 8.03
Sourceaut horsd own processing based on Eurostat dat a,

Extending the analysis from the level of vectors for the diffision of Agriculture 4.0

individual holdings to the utilized agricultural technologies, generating economies of scale
area (UAA) provides an essential structuraland optimizing production processes over
perspective, revealing a mubtioader spatial
footprint of digitalization than is suggested by The analysis of the connectivity pillar at the
area level reflects a strengthening of digital
This approach confirms the manifestation of ainfrastructure in the plain regionand the

the mere share of the number of farms.

extensive areas.

scale effect in Romanian agriculture, wherewestern part of the country.
large commercial holdings act as the main

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

Source:
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communication solutions. In constrast, the gagevel digitalization appears to be a fragmented
remains visible in SouthVest Oltenia, ware process, the spatial perspective reveals a
only 30.99% of the area benefits from internetconcentration of innovation in the major
access, confirming the persistence of a majoagricultural poles, highlighting the need for
territorial vulnerability. policies that also support the technologica
A particularly relevant dynamic can be transition of mediussized holdings in order
observed in the precision agriculture pillar,to reduce the current technological
where the hierarchy shifts in favor of the karg polarization. The comparison between the
cerealgrowing areas in the south. The Seuth data presented in Table 1 (farms) and Table 2
East (26.62%) and South Muntenia (26.53%)utilized agricultural area) highlights a series
regions take the lead, demonstrating thabf relevant trends concerning theustiure of
GNSSi1 and sensebased technologies are the digitalization process in Romanian
integrated primarily into large crop farms, agriculture. A significant increase in the
where precision in the application ofputs indicators can be observed when they are
per hectare becomes a critical factor ofreported in relation to area. In the Sotdhst
competitiveness. The technological upgradingegion, although only 15.43% of farms use
effort in SouthWest Oltenia is also precision agriculture technologiethese farms
noteworthy, as precision systems are usedhanage 26.62% of the regional agricultural
across one quarter of its agricultural areaarea. This discrepancy confirms that, in plain
(25.01%), despite the major connectivity areas, GNSSand sensebased technologies
deficit mentioned above. are adopted primarily by large crop farms,
With regard to robotics and automation, thewhere the optimization of inputs over
hectarebased data provide a more nuancecxtensive areas generates igndicant
view of the profile of the Center Region. economies of scale. Unlike precision
Although it remains the leader (24.83% ofagriculture, the robotics pillar presents a
UAA), a convergence can be observed withdistinct configuration. Although 38.04% of
the NorthWest (23.0%) and NorthREast farms use automation solutions (Table 1), the
(21.46%) regions. This indicates that, corresponding area amounts to only 24.83%.
although robotization is driven primarily by (Table 2) This result confirmdhé livestock
livestock farming at the level of individual specific profile of the region, where
holdings, from a spatial perspective robotization is concentrated in intensive
automation is beginning to cover significant holdings managing a high number of animals
areas also in advanced crapd horticultural on relatively smaller agricultural areas.
sectors as well. The farm managemeniThe NorthEast Region highlights an efficient
systems (FMIS) pillar confirms the use of digital managemertechnologies, as
managerial maturity of the NoriBast Region, the share of agricultural area managed through
where 13.61% of the regional agricultural areaFMIS systems (13.61%) significantly exceeds
is managed through specialized software. Thitshe share of farms using these solutions
value, reinforced by theoBd performances of (9.27%). This result indicates that large
the SoutkEast (12.57%) and South Muntenia commercial holdings have advanced toward a
(10.43%) regions, highlights the strategicdatadriven agricultual management model,
orientation of largescale holdings toward the using digitalization to optimize performance
digital control of costs and production flows. over extensive areas.

In conclusion, the hectatased analysis The region with the lowest level of
demonstrateghat digitalization in Romania connectivity (30.99% of UAA), SoutiiVest
has a much deeper territorial impact in large Oltenia, displays a relatively high rate of
scale crop production areas. precision agriculture adoption at the area leve
This reality is reflected in the firgtlace (25.01%). This configuration suggests an
ranking of the NortkEast Region in the DFI orientation toward investments in smart
calculated at the level of utilized agricultural hardware technologies, such as autoguidance
area, with ascore of 28.90. While at the farm systems, which make it possible to

21



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

compensate for the limitations of digital national level, the average DFI calculated on
infrastructure  and contribute to the the basis of the number of farms is 20.89. The
digitalization of a significant share of the North-West Region ranks first nationally,

agricultural area. with a DFI score of 25.50, reflecting a
Digital Farm Index (DFI) for Agricultural relatively hgh and balanced level of digital
Holdings adoption, supported both by a solid

The calculation of the composite Digital Farminfrastructural base, namely connectivity, and
Index (DFI) at the level of agricultural by a high degree of integration of automation
holdings highlights the hierarchy of digital solutions.

maturity wi tsh icommerdab nAa mripatént shift in the hierarchy can be
agricultural sector. As it is determined observed in second place, occupied b t
through the application of asymmetric North-East Region with a score of 24.27.
weights, which favour technologies with Owing to the new methodology, which gives
major agronomic impact, such as precisiongreater weight to digital management systems
agriculture and robotics, the DFI score reflectfFMIS) and precision agriculture, this region
the actual level of digitalizatioat the regional surpasses the Center Region. The latter ranks
level and provides an integrated perspectivehird, with a score of 23.72, iwigital profile

on the territorial distribution of the being driven almost exclusively by the
technological transformation process (Figurerobotics pillar, which is specific to livestock
3). The results presented in Figure 3 highlightspecialization, but constrained by weaker
a configuration of digital maturity that performances in the field of precision
confirms the influene of structural profiles agriculture.

and regional investment priorities. At the

North-West 25.50

North-East 2417

Center 23.72

South-Muntenia 20.62

South-East 20.00

West 17.62

Bucharest-lifov 14.61

South-West Oltenia 13.91

Fig. 3 Digital Farm Index for agricultural holdings
Source: authorsd own processing based on Eurostat data

In the middle range of the ranking are theregions, the adoption of precision
SouthMuntenia (20.62) and SoutBast technologies contributes to supporting the
(20.00) regions, both of which amgtuated digitalization process; however, the overall
very close to the national average. In thesentegration of the four pillars remains more
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limited across the broader mass fafmers fundamentally changes the perspective of the
compared with the leading regions. The Westnalysis, highlighting the actual extent of
(17.62), Bucharestfov (14.61), and South technologies across managed agricultural
West Oltenia (13.91) regions record theland. Reporting the weighted lpits to area
lowest levels of the DFI. In the case of themakes it possible to isolate the scale effect
SouthWest Oltenia Region, the low score and brings to light the gap between
reflects the major connectivityeticit, which  technology adoption at the unit level (farm)
acts as a constraint on the integration ofand its spatial magnitude hectares (Figure 4).
complex digital solutions. The results presented in Figure 4 highlight a
Therefore, the results confirm that the digitalvisible intensificationof digitalization when
maturity of commercial farms in Romania is the analysis is reported in relation to
not distributed uniformly. The DFI calculated agricultural area. The national average of the
at the farm level shows that, despithe DFI increases significantly from 20.89 at the
exi stence of certai n faim levél 8o28.83 @t thefhectare teveln Dhe o g i
excellence, the critical mass of holdings stilldifference of nearly five points indicates that
faces structural and investmaetated high-performance digital technologies are
constraints in the adoption of advancedadopted primarily by largecale holdings,

technologies. which manage extensive areas and generate a
Digital Farm Index (DFI) for Utilized disproportionately large impact on the
Agricultural Area (UA A) technological  transformation of the

The calculation of the composite index inagricultural sector.
relation to the utilized agricultural area (UAA)

North-East 28.90

North-West 27.97

South-Muntenia 27.73

South-East 27.47

wWest 23.16

Center 21.60

South-West Oltenia 19.11

Bucharest-lifov 15.34

Fig. 4. Digital Farm Index (DFI) by utilized agricultural area (hectares)
Source: authorsdé own processing based on Eurostat dat

The NorthEast Region consolidates its with a score of 27.96, thereby demonstrating a
leading position at the national level, with abalanced spatial diffusion of all four

DFI score 28.90, confirming that digital technological pillars. However, the most
innovation is integrated across an extensiveemarkable dynamic is observedtime large
agricultural area. This result reflects thecerealgrowing areas of the south: South
regionds superior pe rMunenian@m78)eandiSauthdsth(Z7.4 rise ci s i
agriculture pillar, which carries a weight of sharply in the ranking and exceed the national

35% in the index, as well as inethdigital average. These results highlight that, although
management pillarThe NorthWest Region the number of digitalized farms in these areas
remains at a very high level, ranking seconds lower, satelle-guidance systems and
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sensotbased technologies, namely precisionFirst, the results confirm the existence of
agriculture, are applied across vastsignificant territorial asymmetries in the
agricultural areas. process of digitalizing commercial agriculture
A downward reconfiguration can be observedin Romania. The analysis has shown that the
in the Center Region (21.60), which losespresence of internet connectivity, although it
competitive advantages when the analysiconstitutes a basic infrastructucmndition, is
shifts from farms to hectares. This declinenot sufficient in itself to achieve a high level
validates the hypothesis that robotics in theof digital maturity. The contrast between
Center Region is specific to intensive regions with superior performance and those
livestock holdings, whose land footprint, still at an early stage, such as SeWhst
measured in hectare, is much smallerOltenia, indicates the existence of structural
compared with crop farms in the Southern andlisparities that affect the coherent integration
Easternparts of the country. At the lower end of technologies with major agronomic impact
of the ranking are the West (23.16), Seuth and limit technological convergence at the
West Oltenia (19.11), and Buchar#i&dtv  national level.

(15.34) regions. Even in the case of SeuthSecond, the study confirms the role of
West Oltenia, an improvement in the hectareproductive specialization as a major
based score can be observed compared with teterminant of the regional technological
efarmbased score, supported by hardwareprofile. The distinct configuration of the
based seljuidance technologies, although Center Region, which stands out through high
the regions remain constrained by the lack ofevels in the robotics pillar, highlights the
internet infrastructure. orientation of investments toward solutions
Therefore, the UAA based DFI analysis specific to intensive livestock holdings. By
demonstrates that the digitalization of contrast, regions dominated byrdascale
commercial agriculture in  Romania is crop production tend to rely primarily on
profoundly asymmetric. Costly and advancedprecision agriculture technologies and digital
technologies are strongly concentrated inmanagement tools (FMIS), demonstrating that
largescale holdings that use precisiontechnological adoption is closely shaped by
agriculture to generate economies of scalethe operational needs of the dominant
leaving the rest of the agricultural sector in aproduction profile.

state of technologicatulnerability. The centrakhim of the paper lies in the precise
guantification of the scale effect, achieved
CONCLUSIONS through the comparative analysis of indicators

reported in relation to the numer of holdings
The present research has made it possible teersus the utilized agricultural area (UAA).
substantiate a multidimensional analysis ofThe results show that digitalizatiohas a
digital maturity I n mRlo stomger atérrgorialc exprasson ovhem |
agricultural sector, offering a rigorous reported in relation to area: the national
perspective on the way technologicalaverage of the DFI increases significantly,
innovation is territorially distributed. By from 20.89 when calculated on the basis of
developing and applying the compositethe number o farms to 25.83 when calculated
Digital Farm Index (DFI), based on anon the basis hectares. This dalosial
innovative system of asymmetric weights, thedifference validates the hypothesis that costly
study has gone beyond the simple statisticatligital innovations are strongly polarized,
monitoring of technology adoption and hasbeing concentrated in largeale agricultural
proposed an anaigil instrument capable of units capable of making optimal use of
capturing the structural mechanisms thateconomies of scale.
influence the pace of digital transformation atFrom a regional perspective, the DFI rankings
the regional level.Synthesizing the results indicate differentiated digital profiles. The
obtained, the conclusions of the research cahorth-West Region holds the first position in
be structured along several levels of impact: te ranking calculated at the level of
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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 joinetlm®zone 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 transitioorigasreers 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
security during the initial period of adopting the Euro as a national currency in Bulgaria. The study is conducted
among consumers form tis®utheast 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 ssgjgeiidelines 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 valu8%s 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 petoaption

more time have passed.

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

INTRODUCTION technological modernization of production
becomes crucial to the anchoring of lelegm
The analysis of the discourse of food securityinflationary expectations (Dovgal, 2022) [5].
in the European Union requires a deeper lookhe 2020sera shift to sustainability,
at how macroeconomic changes, includinginnovation, and domestic supply chain
currency integration, increase the strengthening has marked the development of
vulnerability of regional supply chains Bulgarian food production. The National
(Matejkova et al., 2024; Trasca et al., 2025)Development Program of Bulgaria 2030 steers
[11, 15]. such an evolution and significantly
In particular, the institutional frameworks emphasizes the edtlishment of structural and
need to be assessed to comprehend how tleectoral balance in the field of agriculture.
domesitc policy responses alleviate the effectsOne of the key elements of this plan is the
of a price volatility on the availability of National Plan of Recovery and Sustainability
essential products (lvanova, L, 2006;that makes the green Bulgaria and sustainable
Zawojska & Siudek, 2025) [7, 16]. agriculture one of the primary objectives of
Price stability is one of the core pillars of thisthe present decade. These reforms will be
integration because any monetary policyaimed at bringing the Bulgarian agrarian
fluctuations can have a disproportionatesector to the international commitments in
impact on the most vulnerable groups ofterms of the Sustainable Development Goals,
people and undermine the food security ofthe European Green Deal, which is
households (Dovgal, 2022) [5]. encouraging farmers to implement
In this regard, the fact that strategic measuresechnological and dital solutions to enhance
are implemented to optimize monetaryclimate and environmental performandée
transmission mechanisms and increase thsector vision of 2030 will be to position
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Bulgaria as a leader of bioproductscame out of Russ, and offered financial aid
production, specializing in food, cosmetic, to stabilize the food system (Andreica et al.,
and pharmaceutical products based 0r2023) [1]. These strategic frameworks aim at
Bulgarian raw materials. T$ project focuses reducing the effects of inflation on food
on producing higkquality and clean food and accessibility, so that the elevated prices do not
preserving the thematic sector of the industryyeduce to chronic food insecurity of
to healthy living, bioeconomy, and vulnerable European populations.
biotechnology. The strategic map of 2021 In this context, the purpose of this research is
2027 focuses on the means of increasingo assess the perception of food security by
access to endsers to the elan production, Bulgarian consumers during the initial period
processing, and storage of certain Bulgariarof adopting the Euro as a national currency in
ingredients to achieve this vision. Bulgaria. A study case was made on a pane
The creation of small and family farms hasof consumers from the SouBast part of the
become one of the key priorities in the country.

European Union because they constitute about

8090 percent of the formatisn of the MATERIALS AND METHODS

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

The presentlay EU policies are currently The current paper uses mixed methods to test
geared towards enhancing the competitivenesthe hypothesis of linking currency integration
of such farms to protect the regional foodand consumer food security in Bulgaria. The
systems against international supply shockseattime perceptions of price volatyi and
and drastic price fluctuans, even though expenditure changes were measured by the
such farms were traditionally oriented towardsquantitative data which was collected in the
the personal or local market needs (Brankovorm of the structured questionnaires carried
and Matkovski, 2022; Toma et al., 2021) [3,out among the representative group of local
14]. It is especially important since the priceshouseholds in the Southeast region of the
of agricultural input and energy doubled incountry. The time constraint®inected with
2020-2022,and it immediately endangered thethe studied topici consumer price change
economic sustainability of smaller producersperceptions created a limitation for higher
who are frequently nedellers of agricultural survey participation. The survey was
goods (Bureau & Swinnen, 2017; Kornher etcompleted through the last week of January
al.,, 2024) [4, 8]. To realize the economicand first week of February 2026 from
potential of these farms, the national26.01.2026 to 08.02.2026. Any extesrsiof
interventions have to take care of the risks ofthe survey period would have led to collection
changing climatic conditions and increasingof data that might distort the results, that are
production costs in order to ensure stable foodneant to provide a snapshot of consumer
supply (Matejkova et al., 2024; Toma et al.,perception for a specific period the
2021) [10, 14]. beginning of the full integration of the
Under the wider EU context, the effect of common currencyi euro in Bulgariain
increase in food jres has tipped the core January of 2026. The survey was developed
issue on the food supply into the affordability digitally with participants mainly form the
of food. Although the EU is mostly well southeast region of the country. The electronic
endowed with enough agricultural reservesquestionnaire was disseminated through
and is also a net exporter, the soaring foodnultiple channels, including social media, in
prices since 2021 have greatly reduced th@erson- through QR codes amongmp time
purchasing pwer of lowincome earners in students form Trakia University, and other
some of the Member States. The 2022means of digital distribution. Data was
Versailles Declaration and the Commoncollected from 156 participants that indicated
Agricultural Policy, in turn, have presented a wide variety in age groups, household sizes,
measures to decouple the reliance on importetbod budgets and other characteristics of
fertilizers, of which 31 per cent of nitrogen respondents. The small nunnloé# participants
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and the selected survey methdd digital psychological issues related to food access
distribution to willing participants weakens that can remain unnoticed with the help of
the representativeness of the results, but stilbfficial price indices (Matejkova et al., 2024)
some conclusions can be drawn. In the futurgl1l].

a larger scale survey is planned to verify and

add to theresults achieved by the current RESULTS AND DISCUSSIONS

study.

The data reconciliation or triangulation Consumer perception of food security is
methodological approach of using a pairing oftightly connected to their perception of food
statistical data to survey findings is aimed atprices and budgetary constraints. L-ongome
confirming the  subjective  consumer earners are more likely to be impacted by any
perceptions with a pair of objective inflationary process and at higher risk
macroecaomic variables. This is necessary inconcerning food security. RIS connection
the process of discovering whether the issueequires a study of consumer perception of
of public concerns (like food security in food price fluctuations and their related
currency transitions) are endorsed byreactionary strategies.

empirical economic patterns. Consumer prices for most food groups on the
The major purpose of selected researctBulgarian market are on an incline through
methods is to applyofficial statistical 2025, and consumer did already feel the
measures as a reference point or benchmark toflationary pressure on their budgets, based
compare findings of surveys (Marchetti et al.,on data from Eurostat database [6]. Some food
2015) [10]. In the literature on the Bulgarian groups are more affected, such asadrand
food market, the researchers providecereals, meat and meat products, dairy and
comparisons of particular data on consumedairy products. These key products formulate
perception sumys with the official indices, a large portion of the food consumption
including the Total Producer Price Index of basket for lowincome households, and thus
Food and Harmonised Consumer Price Indexhey are more impacted by these changes.

of Food (Borisov, 2022) [2].

To compare the two sets of data, it iSTabIe _1._Harmonised index of consaimprices in
necessary to use certain mathematical tools [gulgaria, in %, 2015 used as base
determine whether the altwed relationships Jun-25 | Aug-25| Oct-25| Dec25

T . .. Br n
are significant. Using Pearson coefficient D,ce?:e(js and 14382| 14464 14258 14478
measure _the strength . an.d direction "Meat 145.44| 146.93| 148.1| 148.35
relationship between subjective survegsed ik cheese
perceptions of price volatility and othel and eggs 148.96| 149.95| 150.13| 149.53
relevant consumer characteristics. Oils and fats| 169.45| 168.33| 165.52| 160.92
It is a technique that is fregntly associated | 15714| 151.6| 150.85| 148.95

with time comparison, i.e., the contemporary, ..o 16,33 150.07| 14053 153.07
survey outcomes are compared to paSEoffee, ted
statistical numbers, with the aim to detect tHeand cocoa | 149.66| 153.97| 154.3| 153.91
behavioural change or the lack of sucprgeg 148.31| 14845| 1485| 14862
(Kramolis, 2015) [9]. Source: EUROSTAT Databafs].

The key aspect of this methodology is to find

out where subjective perception is out of lineThe harmonised index of consumer prices for
with objective data. Compared to thefood products throughout the second half of
statistics, which may indicate the presence o025, available in the Eurostat database is
stability, a survey may indicate a high level ofpresented in Table 1. This period marked the
perceived insecurity based on such factors aBeginning of the transition for local currency
price fluctuations or low incom (Trasca et Of Bulgarian LEV (BGN) to the aomon
al., 2025) [15]. Their comparison helps theEuropean currency of EURO (EUR). During
researchers to learn about the physical anthe latter half of 2025 all prices in physical
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stores and online ware shown

in  bothmonitored closely by government and non

currencies (with BGN prices on top and EURgovernment institutions.
prices in the bottom) so consumers can adjust

their expectation and can build up féiarity
and confidence.

Table 2. Annual consumer price change for consumer
goods andservices (from February 2025 to February

. . oo ,2026)
While Stamng from the begmnl_ng of Februar) Consumer goods and services Annual change in
2026 only EUR is accepted in all forms of consumer prices (in %
: : : from February 2025 to

payment in the_ country both prices will February 2026)
continue to be displayed (currently with EUR Average 2.9
prices on top and BGN prices in the botton])rood products and soft drinks 38
In b_Oth curreaies. Clothing & Footwear -1.4
During the last two quarters of 2025 consumes -

. . ousing, water, electricitygas and 2.6
prices for food, averaged among differentother fuels
products, have barely changed, marking aryousehold furnishings, goods ar 43
. . ) services for the usual maintenan
increase of 0.31%, using the 2015 prices as & the home
base. The highest increase in consumer prigeHisalthcare L7
was recorded for Coffee, teand cocoai Transport 07
4.25%, followed by medt 2.91%. During the [ Information and communication 1.6
same period there are also products, that hgW&ertainment, sports and culture 14
decreased in price, such as Oils and fatS pesonarcare, social protection a o3
8.53% and Fruits by 8.19%. Overall, the miscellaneous goods and services
available statistical data shows that consumer§”™"
should not feel anynflationary pressure on | Food 38
their food budgets for the latter half of 2025, Non-food 18

as the prices on average have not increaseburce: National Statistical Institute of Bulgaria
meaningfully. Databas¢12].

Statistical data for consumer price changes in _ N o
the beginning of 2026 is only available Media, being traditional or digital, have also
through the studies and monitoringncaicted focused on monitoring consumer prices and

by the National statistical institute of thehave focused consumeros
Republic of Bulgaria, at the time of Price deviation during the studied period. This

conducting of this study. uninterrupted flow of information on price

The data presented in Table 2 shows th&éhanges has led to a low consumer
change in average prices for major consumetonfidence, ‘and price increase expectation.
expenditure groups on a yearly basis. Some retallers _have _relayed on thg—:-se
The consumer pres for food have increased €xpectations and in term increased their prices
form February 2025 to February 2026 byand in doing so have fed the process loop.
3.8%, with 0.8% of that increase have been>0me price increases can be justified by the
recorded through 2025 (February toSeasonal characteristics of some foodugs
December). that are largely imported fruits, vegetables,
Including both data resources, a conclusiorsOme meats and especially fish. The uncertain
can be drawn, that the average increase if€opolitical and macroeconomic environment
consumer price for food products in the first in the first two months of 2026 have also
two months of 2026 is not higher than 3%.added to this process with some suppliers
This increase of 1.5% per month is far moreincreasing prices to recoup eih increased
pronounced than any increase in 2025 and ca@XPenses for safety stock and insurangées.

be felt by some consumers and decrease theftrvey was conducted at during tHézhd 4"
consumer confidence, as well as raise thdveek of February 2026, and consumers had
quesion of their food security if the trend a@ccess to a large amount of available
continues. This inflationary process can benformation. The first set of questions ware
expected during periods of transition and isfocused on their percepti of price increases,
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if they think there are any at all. In Figure 1 question of food security wasised in the
the average results for all surveyed consumersurvey by requiring consumers to provide
are presented as perceived percentage prigeformation on their choice of reducing the

il
i

changes$ positive or negative. purchase and consumption of any or all food
groups, due the perceived price changes. The

14.00 1128 1173 13.04 13.14 13.01 results are presented in Figure 2 as an average
1200 gsg 1058 9.97 for all respondentsThe sum of all responses
10.00 . . .
8.00 is higher than 100%, since consumers that
P I I I I I state they will lower the purchase and
2.00 consumption of food can select multiple food
000 B 2 e a z E groups.

pir

et ¢

Bread and Cereal

All food produe

Vegetables m 4%
Fruits m 6%
Milk products and eggs mm 8%
Meat and meat products = 10%
Vegetable Oil and... s 15%
Fish = 16%
Bread and Cereals mmm 17%
Will not change food... ma————— 0%

Milk produet

Fig. 1. Average price increase for different food groups
from September 2025 to February 2026 according tc
surveyed consumers, in percentages

Source: Calculated resultased on the survey data.

Surveyed consumers have stated that price fc
food products have increased by 13.01%
between September 2025 and Feloyu2026, 0% 20% 40% 60% 80%
while the actual change was under 3%.Fig. 2. Consumer attitudes towards food consumption
Participants have felt the increase as over foureduction, dueto price increase for different food
times stronger than the actual data showsgroups from September 2025 to February 2026
This can be accredited to the significant mediagccord'_”g to surveyedonsumers, in percentages

ource: Calculated resultased on the survey data.

focus on all singular cases of price increase,

thus creating a ceitety in consumers there is The collected survey data shows that 60% of
such an increase. The highest averag Il surveyed consumers wilhot change

numbers are recorde_d for fruits and nything in their purchasing patterns. This
vegetables, due to the_lmp_orted character o?esult illustrates that although consumers feel
th_ese goods, and their higfteanaverage food prices are increased as evident by
prices, as compared to the summer momh§urveyed data. that did not lead to a
when local fruits and vegmbles are available ignificant enohgh increase in their food
on the market. The lowest numbers are relateaudget and thus they have nolt feconomic

to bread and cereals and are justified by th ’

I 1o of th ducts in Bulaarian food ressure to change their consumption.
arge ratio or these proaucts in bulgarnan 1000, oy explanation is associated with the

consumption and ftradition, and thus the.'rvery low price elasticity of food products, that
higher frequency of purchase and closer PrIC%0 not decrease in sales with raising of the
monitoling, both institutional and individual. rices. In order for that explanation to be true
Overall, almost all food groups have a higher?:onsuhers would statthat they will lower

than 10% evident price increase according t%onsumption of more expensive products,

surveyed consumers. . such as meat, fresh fruits and vegetables,
The_pgrcewed price increase might lead Quhile increasing the consumption of basic
restriction on the foog:l budgetg of SOMEt40ds like bread and cereals. The survey
consumers, and espally those with lower results do not support that hypothesis and on
INCOMes and no access 1o sgpplementa%e contrary shows #t consumers state that if
services or own food production. Theseanything, they will lower the consumption of

yulnera.liltfh groups  will fa}ce fﬁOd security gread to a higher degree than the far more
issues if the consumer prices have increase kpensive fresh vegetables. This result

by 13% during the studied period. Thedemonstrates the first hypothesis, that
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consumers perceive the prices as increasedcrease of volumes purchased and consumed.
order
to the reality of far lower, although not correlation is calculated between the size of

but do not feeltie budgetary constraints duel n

insignificant, consumer food price increase.the household and

t o

the c

study

onsumer

t hi

price

This process of false price perception wagerceptions, with the expectation of larger

expected by experts in academia and irhouseholds purchasing and consugniarger

government institutions and has led to theamounts of food products. The correlation
development ofmultiple information sources, data is presented in Table 3.

as well

as a special

Internet

portal The highest positive correlation is evident for

(https://foodprice.bg/[17] that clearly shows smallest households with largest food budgets
all consumers data on the price dynamics othat have felt the price of bread and cereal,

multiple food products in all regions of the milk products and eggs, oils andidafruits

country. Thecollected surveyed data showsand vegetables increase. It is expected of this
that consumers have to a large degree naroup of consumers with high budgets to react
approached such information sources andnore accurately for food groups with higher

relay on popular media, that due to itsrelative prices per calorié fresh fruits and
incidental case presentation character, camegetables,

mislead their perceptions.

meat and fish, while Dbeing

uninterested with loer priced foods as bread

Price perception can also changath the and cereals.
Table3Pear sonds correlation calculated for monthl
Size . .
of Bread and . Milk Vegetable_ Oil . All food
Fish products and and animal| Fruits Vegetables
house | Cereals Meat and products
eggs fats
hold meat 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.

food

The results from the correlation calculationssurveyed about their perception for all food in
proves that these consumers perceived thgeneral,

price of food products that are a very smallcorrelation

where

the

highest
is marked with a clear

reverse
link

part of their basket as rapidly increasing basetbetween the budget and perception. These
on media information, rather than personalresults show that the group of consumers in
experience. The correlationneversed for the
largest households that have felt that breathcomes do not track actual food prices and
and cereals are not as expensive the largefirmulate

their food budgets are. The households withinformation,

opinions
while budgetarily

based

on

large households with high food budgets and

media
restrained

five or more than five members that have aconsumers that must be constantly aware of

low food budget perceive an increase of pricdood prices are formulating their opinions on

of bread to a saller degree, because they actual market prices.
purchase more of these products and are morEhere is also a significant correlation between

familiar and aware of the actual prices. Thethe food budget of foumember households
same results are evident for almost all theand perception of nre increase, excluding

consumers in the largest households, as thenly the meat and meat products group. This
significant reversed correlations shows thatagain demonstrates that the less restraint by

the lowver their food budget is the more likely their budget a household is for their food

it is for respondents to say that prices have nantake, the higher their perception of raising
increase as much, compared to the averagarices are. This is also evident in the smaller

perception. This is especially true whenhouwseholds of just two members for milk
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products and eggs, oils and fats, fruits anclothing and footwear recorded a price
vegetables. These smaller households witldecrease.

large food budgets have proven to be veryConsumers according to the survey show that
responsive to price increase for the foodthree out of every five consumers have not
groups expected to formulate a larger portioraltered their food purchasing habits although

of their basket. they are perceivingood prices as increasing.
This would indicate that the majority of
CONCLUSIONS consumers  lack  sufficient  economic

motivations to change their consumption or
The transition of the Bulgarian economy tothe food products are inelastic and thus the
the Euro that leads to that currency being therice increase will not impact their food
only legal tender as of February 1, 2026, hapurchase quantities.h& respondents claimed
been described as an approach to consuméney would rather decrease consumption of
transparency and price stability. One of thethe simple staple foods such as bread than
pillars of this shift included the obligatory more expensive foods such as fresh
two-price reading in both Bulgarian Lev vegetables, something that does not
(BGN) and Euro (EUR) value, which is being correspond with the expectation that they
implemented since August 2025 and will would switch to consuming cheapenofls that
continue to exist until August 2026. By they refer to as basic foods to save money.
making the labels easy to read, understandlhe analysed survey data shows a significant
with similar font size in both currencies, the number of consumers to have a false price
government hoped to have reduced theerception.
psychological effects of the move and have arhey think that the prices have been increased
level on which to base fair market conduct.  substantially but their food budgets are not
The analysis of the available statistical dataconstraind since the actual price increases are
demonstrates that although there was ot as severe as it is being perceived.
coneern of a largescale inflationary spike, the This disparity can be explained by the fact
real impact on food prices was very tame.that consumers tend to rely on media, as a
During the ¥ and 4" quarters of 2025, the source of food price fluctuation information,
harmonized index of food prices increased afrequently which are interested in incident
a slight 0.31. This stability indicates that thecases, as opposed to government databases
numerous government responsssch as the (such as foodprice.bg) that monitor the real
introduction of monitoring portals, and the dynamics of prices in various regions.
need to make major retailers place daily priceThe correlation data of the household size,
lists on them, worked to prevent price food budgets and the price perception indicate
increases. During the transition period somehat, small households with big buetg have
of the basic commodities such as coffee andhe highest tendency to experience the rapid
tea had shown some formf increases in change in prices of different food groups.
prices of over 4 percent, this was compensatettonically, such consumers tend to respond to
by huge increase in the prices of oils and fatshe prices of products comprising a very low
and also of seasonal fruits by a significantpercentage of their basket.
margin. This means that they are strongtffected by
By February 2026, the greater financialthe external information in media as opposed
environment has recorded the rate of inflationto their first hand purchasing experience on
at 29% on a yearly basis, a figure that isthe relative price per calorie of the food.
consistent with the oreff slight rises that On the other hand, big households with small
have generally been experienced in the othefood budgets exhibit an opposite relationship;
Eurozone accession nations. Although somehey feel the prie increment to a less extent.
of the industries such as food and soft drinkThese consumers are limited in their budgets,
marginally outpaced the overall aveeagy a and this fact makes them constantly aware of
3.8 percentage point, other industries such aseal market prices.
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This experience with food expenditure cause$ 9] Kramol i g, J., 2015, Desi g|
them to develop opinion that is more Prosperity in Czech Businesse& Comparative Study.
Journal of Competitiveness, 7(4), 33.

grounded in the fact Of_ the _mmtk_ as https://doi.org/10.74%/joc.2015.04.03

compared to households with a higher incomgigjmarchetti, S., Giusti, C., Pratesi, M., Salvati, N.,
level, that are to a larger degree guided byGiannotti, F., Pedreschi, D., Rinzivillo, S., Pappalardo,
general impressions. L., _Gabrielli, _L., _2015, Small Area Modélased_ _
Food security was not raised as a critical issu&Stimators Using Big Data Sources. Journal of Official
for any of the surveyed groups and we ca Statistics, 31(2), &. https://doi.org/10.1515/j¢¥015

. . . 017
conclude that it is not _an_ewdent risk fory 1 1) Mmatnj kovs, E., M§jek, M.,
surveyed consumers at this time. 2024, Comparative analysis of European Union
Further research is required in order to studyountries based on selected aspects of food security.
this process in the future, especially if theA9ricultural ~Economics (ZemD

70(6), 265https://doi.org/10.17221/16/202Qricecon

upward trend of actual food prices Contlnues’[lz]National Statistical Institute of Bulgaria Database,
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Abstract

After t he accession to the European Uni on, Bul gar i
agricultural policy. This led to settling of a monocultural model for an -@vereasing number of producers. The

high level of specialization and conceiten 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 indica s , aligned with the
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 impadjyweahe

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 adkvement 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 giuing 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/I.

Key words agriculture, sustainability, SDG8ulgaria, trends

INTRODUCTION Bulgarian agriculture can have an impact, by
analysing the levels achieved fdrese SDGs
Modern agriculture faces a complex set ofin Bulgaria and assessing the possibility of
environmental, economic and  social achieving the goals by 2030.
challenges that threaten its leteym In the face of significant challenges, it is
sustainability.  Climate  changes,  soil increasingly necessary for countries to take
degradation and water scarcity limihe coordinated and purposeful actions to support
production potential of agriculture (Krastevathe sustainable development of agtiare.
& Angelov, 2025) [4]. At the same time, National policies should be coordinated with
unstable markets, rising production costs andnternational commitments and good practices
dependence on subsidies create economin sustainable management of resources. In
uncertainty for farmers. Social challenges,this context numerous action has already been
such as the ageing population inaluareas taken with an outlook of EU an UN goals.
and the shortage of skilled labour, furtherThese initiatives create arafmework for
complicate the development of the sectorcooperation and sharing of responsibilities
(HarizanovaBartos & Kadadzhova, 2024) [3]. among countries. Through joint efforts, global
The main goalof the study is to measure the and regional problems in agriculture can be
current level of performance of some of thesolved more effectively.
key Sustainable Developmento@s (SDGs) For these efforts to be effective, there must be
by Bulgarian agriculture and to assess itslearly formulated goals (SDGs) dn
ability to achieve them by 2030. The corresponding indicators to assess progress.
assessment is based on a literature review i8uch goals must be measurable, comparable
order to select the key SDGs on whichand applicable in different national and
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regional contexts. Universal indicators enableMATERI ALS AND METHODS

tracking trends and objective assessment of

the results achieved. In this wag,basis for For the purposes of this study, data from
transparency, accountability and effectivecentralized statistical sources were usdte
planning of sustainableedelopment policies Eurostat database (EU), National Statistical
Is created. The great importance of the Institute of the Republic of Bulgaria and
Agenda for sustainable development 2030Agrostatistics database of the Ministry of
developed by the United Nations was met by &griculture and Food (Bulgaria). Ti
largescale adaptation. This verarching r esearch i s focused on sp
agenda includes many very specific coalspf group 2- Zero Hunger. The selection of
formulated in 17 categories, aimed atspecific indicators is based on the significance
eradicating poverty, fighting inequality and of the problems assessed by them for the
injustice and protecting the planet by 2030sustainable development of Bulgarian
(Sirbu, 2025) [10]. Sustainable Developmentagriculture.

Goals represent an integratedrfrework for Four indicators werselected for the analysis
humanitarian, economic and environmental- real factor income in agriculture per annual
development that links human wléing with ~ work unit (AWU); ammonia emissions from
sustainable management of natural resourcesagriculture; share of areas occupied by
After the initial formulation of these organic production (in percent) and nitrate
significant goals, the framework has evolvedcontent in groundwater. For the purpose of the
in the context of internati@h sustainable study, the slected indicators are nationally
development practices, focusing on differentsignificant and are embedded in the detailed
regions and sectors. R. Barbu and Dstrategy of the National Development
Dumitras, highlight that food system isPr ogram fABul garia 20300.
expected to contribute to SDGs established byhe entire EU were calculated for the purpose
the international community in 2015, and toof conducting a comparative analysis. A
do so, they must operate withplanetary graphicalvisualization of time series is used
boundaries. The same authors point out than order to conduct an analysis and track the
food system have the potential to significantlytrends and dynamics of the observed
contribute to 14 out of the 17 SDGs (Barbu,indicators.

Dumitras, 2025) [1]. This integration shows The presented indicators are sufficient to
how the global framework of SDGs is illustrate the progress in implementing the
evolving from theory to peice. sustainable development goals in agitiare.
Within the European community and They have been selected to cover all three
specifically the European Union (EU) the aspects of the concept of sustainability
SDGs are integrated into numerous strategieconomic, social and environmental.
documents and policies that aim to promoteAgricultural real factor income per Annual
sustainable rural development and agricultureWork Unit (AWU) determines the motivation
M. Stan and M. Ciobotea conduct reseasoh of farmers to continue their agricultural
sustainable rural development as a key factoactivities, to maintain their economic stability
for implementing the SDGs. They remark thatin external crises and to increase their market
sustainable rural development encompasses @ower. Also, high and stable incomes are a
holistic approach, aiming to improve living factor in maintaining a good quality of life
conditions in rural areas while preserving theand longterm employment, as well as a
environment (Stan and Ciotea, 2024) [11]. guarantee of the social sustlity of rural
Within the EU, these goals are linked toareas. The indicator Share of areas used for
policies such as the Union's Commonorganic production also has social, economic
Agricultural Policy (CAP) and other and environmental aspects. Organic
initiatives that promote balanced developmengproduction creates the opportunity to access
between economic efficiency, social justicespecialized markets, it has a higher market
and environmental protection. value, as well as qualitgnd in term can lead
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to increases in the quality of life of This new and evolving environment requires
consumers. The remaining two indicators areadaptation of current production methods as
markers of the environmental sustainability ofwell as adapting new models (Naydenov, et
the agricultural sector, as they reflect theal., 2025) [6]. In this regard, Shopova (2023)
degree of pollution and the impact of points the environmental chahges as a

agricultural activityon the environment. significant factor requiring the introduction of
environmentally friendly technologies and
RESULTS AND DISCUSSIONS targeted training. Insufficient readiness to

implement such measures increases the
In recent years, agriculture in Bulgaria hasvulnerability of agricultural farms and limits
retained an important role in the economy andheir opportunities forlong-term adaptation
social structure of the country, but its relative[9].
share in the total economic product remaindrevious research has concluded that the
low. According to NSI dia, the added value agricultural sectors in Eastern Europe has yet
of "agriculture, forestry and fisheries" to reach the sustainability focus of Western
accounts for about 1.96 % of Bulgaria's gros€uropean producers (Popescu, 2025) [8].
domestic product (GDP) in 2025, while The National Development Program
industry and services have a significantyi Bul gar i a 2 0dh O sustairfaldec u s e
larger contribution to GDP. The sector agriculture as one of the key priorities for the
continues to be a significarsiource of food country. By achieving these goals, the country
and raw materials, but its contribution to thewill be able to better preserve its limited
economy is limited and significantly below natural resources and secure its food
the EU average, reflecting the structuralproduction in the future.
challenges and dynamics of the nationalBulgaria has committed in its inghentation
economy (NSI statistical data) [7]. of the Common agricultural policy for the
A significant part of the probles of period 20232027 to focus on improving its
Bulgarian agriculture result from human andkey sustainable development indicators, as
institutional factors, including the unstable proven by the Strategic Plan for the
regulatory framework, frequent legislative Development of Agriculture and Rural Areas
changes, structural polarization of farms and2023 2027. This is further by the mtduction
unfavourable demographic trends. Previou® f the ABulgaria 20300
research has concluded thatke tagricultural outlining the key goals the country will focus
sector in Bulgaria is burdened by a constabn achieving by the end of the decade.
fluctuation and changes in legislation. This inThe CAP Strategic Plan includes measures to
turn leads to market uncertainty and also hasupport small and mediusized farms,
the effect of further concentration of stimulating innovation and sustainle land
production. Currently a small number of management. It also includes important
farms concentrate a siicant portion of the elements related to adaptation to climate
usable agricultural land in many regions of thechange, which directly contributes to the
country. (Mantarova, Yovchevska, 2025) [5].i mp |l ement ati on of SDGs
All these processes have led to low labout nnovati on and I nfr a:
requirements in these regions and thus # Responsi bl e Consumpti ol
largescale outward migration form rural areasNational documents, such as the Strategic
(Shopova,2023) [9]. Taking all these factors Plan for the Development of Agriculture and
under consideration there are also globaRural Areas 2023027, also set specific
climatic changes that affect Bulgarian objectives for mitigating climate effects,
agriculture. The increase in average yearlynanaging water and soil resources, reducing
temperatures and the increased frequency afependence on chemical products and
extreme weather events are becoming a souramproving biodiversity, which are in harmony
of high economic and environmental risk for with both European and global sustainable
the sector. development frameworks.
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An important

indicator for

assessing general - to increase the income of those
sustainable development in agriculture is theemployed in the agricultural sector. Although
real factor income in agriculture per annualno specific rate of increase
work unit (AWU). The modeihg of its
dynamics is carried out within CAP on EU income to follow the general trend of increase
level, and at the local level through theof average salaries iBulgaria. Data on the

National Program for the Development of dynamics of the AWU for Bulgaria and the

Rural Regions in Bulgaria, for the currentaverage values for the EU are presented in
planning period of 2022027. The defined Table 1.
goal, set by the local strategic dawents is

overar chi

Table 1. Dynamics of key indicators for sustainable agricultural developmeni

ng

2)

is set,

goal i

the
s for

2017

2018

2019

2020

2021

2022

2023

2024

2025

Real factor
income in

Bulgaria

13451

137.29

147.99

156.50

196.15

204.18

144.75
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Directive 2016/2284 on national

emissions

from

agricultural implementation of common efforts to achieve
activities involving nitrogen compounds are sustainable development of agriculture. The
another important indicator of sustainability. EU strategy "From Farm to Fork" formulates
They indicate the degree of pollution of thethe goal to increase the sharkagricultural
water and soil environment, as well as theand managed organically to at least 25% of
efficiency of the use of nitrogen fertilizers. the total agricultural area in the EU by 2030.
Controlling ammonia emissions is defined asMember States are encouraged to develop
a sustainable development objective in the Elhational action plans that include activities to

emissionincrease

organic

areas.

This

strategic

ceilings. Table B of Annex Il of the Directive commitment is set ouh the National Action
sets out the obligations of Member State
reduce ammonia emissions by 2030. WherProduction by 2030 in the Republic of
measuring the level of achievement of thisBulgaria as a
goal 2005 levels are taken as a baselinestrengthening the sustainability and further

Bul gari aods

target

Plan for

the Development

of Org

leading mechanism

anic

for

C

i n develbpment of tkegsectord The secont part af e d u
nitrogen emissions by 3% on a yearly basighe Plan explicitly states as abjective the
increase in the number of areas certified for

from 2020 to 2029. Local legislativené

strategic documents

reflect this goal

asorganic production (Table 2)n this context,

evident in the National Air Pollution Control the nitrate content in groundwater is the next
Program 2022030, which explicitly states sustainability indicator that is in the focus of
reduce ammoniaour attention. EU Directive 91/676/ EEC on

that "the target is to
emissions from fertilizer use by 25% by 2026 Nitrates (Nitrates
28", and that the target is currentlyifmgp maximum permissible nitrate content of 50 mf

achieved.
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Table 2. Dynamics of results achieved accordinkgtpindicators for sustainable development of agriculture (SDG
Goal 2)

2017 2018 2019 2020 2021 2022 2023 2024 2025 ‘

Real factor|
income in
agriculture  pe
unit of annual 8verage fo
work unit (%) | EY

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

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

Ammonia Bulgaria -0.38% [4.01% |-323% |0.36% |152% |-1.85%
emissions  from|
agriculture (%) | total for EU -1.61% -2.67% 0.46%

Share of area| Bulgaria
used for organi(
production (%) E\(Jerage fo

Nitrate content ir] Bulgaria

groundwater average fo
(mg/) £U

Source: Own calculations based on Eurostat [@hta

In the Republic of Bulgaria, this goal is of basic production factors, as well as the
implemented in Regulation No. 2 (2007) slow adaptation of national policies to the
regarding water protection (with special focuschanging environment, have led to a loss of
on underground water sourceym nitrate the inertia accumulated by the middle of the
pollution from agriculture in accordance with period. If the degree of uncertainty of the

European requirements (Figure 1). external environment and the monocultura
model of agricultural production in the
200% country remain, Bulgaria will not be able to

achieve the set goals to increase the real

150% ,. . . ) .
Lo0% ;% ------------------- factor income in agriculture by one working

annual unit by 2030 compared to 2017 (Figure

50% 1)
0% This monoculture model of agudittural
2022 2023 2024 2025 2028 2030 production is the natural outcome of the
fvfr';“u":;tﬂ:;ﬂ;aﬁ;;'rfi‘a“meF’era““”a' specialization and concertation of production
Agricultural real factor income per annual in the sector. This process qu In Iarge Part
work unit (AWU) EU supported by the Common agricultural policy
......... Linear (Agricul tural real factor income per of the European union, evident by the large
‘E_““”""'(;"‘”_k‘ft"t ‘T‘W”I]fB”t'gar_'a’ scale adaptation of the meldin the Union.
""""" inear ricultural real ractor income per . . .
e (AWU) EU) ? The breakdown of it will require concentrated

_ _ effort towards the diversification of farms,
Fig. 1. Annual data and trends for agricultural real\ it 4 specific focus on crop rotation and
factor income per annual work unit (AWU) in Bulgaria _. . . e
and EU (%) single production cycle diversification, not
SourceOwn calculations based on Eurostata[2]. just between cycles. In order to achieve such

results an exnsive support for knowledge

Real factor income in agriculture has beensharing and provision networks needs to be
developing dynamically over the period underpromoted on local level, where such exist (as
review. The goal of permanently increasingis the case in Bulgaria with its Agriculture
the values, using 2017 as the base year, haxtension services beau). These networks
beenachieved in all years except 2025. Thewill have to provide diversification and crop
trend of gradual decline is worrying, rotaion advice as well as monitor local
especially when compared to the averageroducers to break down the monoculture
values for the Union. In Bulgaria, we report amodel. A largescale change of agricultural
trend of income growth after 2017 and apolicy in the Union is already on the way but
decline after 2022. The dynamics of the pricedas to focus more on this important issue and
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specifically target for support diversified which will lead to more efficient use by
farms in order to share the risks involved withfarmers. The trends in the EU do not differ
such lack of specialization and help recoverfrom those analysed in Bulgaria and achieving
the increased costs of production. this specific SDG will be possible only
A similar negative trend is also observed inthrough the development ammplementation
the dynamics of ammonia emissions fromof entirely new policies focused on a
agriculture in Bulgaria (Figure 2). fundamental transformation of the Union's
During the studied period, these emissionslivestock sector.
must be reduced by 3% annually by 2029 inAmmonia emissions are mainly the result of
order to achieve the EU targets. agricultural activity. According to data from
Based on the information presented in Tablehe National Report on the State and
2, we report that only in 2019 Bulgarian Protection of the Environment, prepared
agriculture managed to achieve this target. annually by the Executive Agency for the
Environment, 94 percent of ammonia
6.00% emissions are due to agriculture. Another
major source is domestic combustién 3
percent . The mai n reaso
failure to meet its commitments &gling 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
AAgricultureod sector.
Organic poduction is characterized by
-8.00% sustainable production practices and the

4.00%

2.00%

0.00%

-2.00%

-4.00%

-6.00%

~ [ee] [o)] o - N ™ < [Te) N~ (2] o . . . .
Sgsggesgscs&gesg s expansion of their share is stimulated by the
CAP of EU. Bulgaria aims to increase the
e=mmmms AMMonia emissions from agriculture Bulgaria share of organic pl’OdUCtiOﬂ to 7% by 2030.
s AMMONia emissions from agriculture EU Throughout the entire studied period, a

------- Linear (Ammonia emissions from agriculture Bulgaria) Signiﬁcantly lover share of OrganiC
production is reported only 1.71% of the
Fig. 2. Annual dta and trends for ammonia emissions country; arable land is reQIStere.d. inthis
from agriculture in Bulgaria and EU (in percent system in 2021. The trend is positive after
compared to the previous year) 2021, as the share doubles by 2024 and
SourceOwn calculations based on Eurostat daja reaches 3.95%. If this trend of at least
doubling the areas in ¢hcontrol system by
Even more- in three years of the period, an 2028 continues, Bulgaria can reach the
increase in ammonia emissions from thedesired values of this indicator (Figure 3).
sector was reported. This process should be encouraged by the
If these negative trends persist and if there arBlational Rural Development Program,
no specific policies to counteract, Bulgaria will providing the necessary framework to support
not be able to achieve the targets set for 202%he registration, developmeand certification
(Figure 2). o _ ~ of these agricultural systems. The certification
Ammonia emissions from agriculture in process is still burdened with difficulties and
Bulgaria are mainly due to the use of minerakery high transaction costs. Overall, the
fertilizers, due to the constantly decreasinggesired values were achieved in the European
role and scale of the livestock sector. Union throughout the studied period, which
The only possibility to achieve the targets issuggests th adequacy of the EU policies and

related to a permanent increase of filees  the desire of European consumers to consume
of mineral fertilizers on international markets, products from organic farming.

------- Linear (Ammonia emissions from agriculture EU)
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noted that during the entire studied period, the

14, values are increasing, but this increase is only
12, e 2 mg./l in six years, which currently does not
10, e pose a threat to the achievement of this
8. e particular sustainable development goal. The
6 e average vales in the EU are significantly
oo e lower than those recorded in Bulgaria and are
5 / decreasing throughout the reviewed period
0. (Figure 4).

20212022 20232024 2025 2026 2027 2028 2029 2030 It is necessary to adapt the national

Share of areas used for organic production (in percent) Bulgaria institutional framework to the European one
e Share of areas used for organic production (in percent) EU |n order to ensure the preservatlon of the
""""" ujoar (Share of areas used for organic producton (i percen’) purity of groundwater in the future.

--------- Linear (Share of areas used for organic production (in percent) EU Bulgarian food producers mUCh “ke theil’
Fig. 3. Annual data and trends for share of areas use't?‘l'lropean counterparts are beginning to feel

for organic production in Bulgaria and EU (%) the effects of climate change, mostly evident
SourceOwn calculations based on Eurostata[2]. by disruption of rainfall patterns, longer
summer droughts and spring temperature
35.00 fluctuations leading to shock frosts. Bulgarian
30.00 e e farmers are adapting to these risks by focusing
25.00 on crop varieties that are resistant or can
20.00 withstand better such conditions. Producers
1500 e are also looking for more complex technical
10.00 solutions that can improve thedustainability,
5.00 when available. Sprig frosts and long summer
0.00 N e S oS droughts have become very common in many
AN NENIENEENGPNEINEINFININ NN regions of the country, but a wholesale
Nitrate content in underg solution is not available within the means of
Bulgaria local farmers and local governmental bodies.
=————Nijitrate content in underg

CONCLUSIONS

--------- Linear (Nitrate content in underground waters (in mg.
N O /') Bulgaria)

--------- Linear (Nitrate content in underground waters (in mg. BU|gal’ian agFiCU|tUl’e haS been developing
No f1) EU) dynamically during the period under review.
Fig. 4. Annual data and trends for nitrate content inynder the influence of the EU Common

Emider:gro“m”g ‘)"’atelr\ls 'O” B“'gar/'ala”d the EU Agricultural Policy, Bulgarian agricultural

SourceOwn calculations based on Eurostat daja production is actively involved in providing
the European population with food products.
Bu|garia has a very positive track record inln this regard the future avallablllty of food
meeting the targets for nitrate content inand its quality will hinge on the sustainable
groundwater, with the maximum value set indevelopment of the agricultural sector in all
EU Directive 91/676/ EEC for nitrates being member states, including Bulgaria. The
50 mg. NO /1. Dur i ncguntry naed itsn leadersBip assumese e d
period, no average levels higher thaB.18 responsibility in this process in therfn of
mg./l were recorded in Bulgaria, which is only SPecific commitments to achieving the
slighty more than half of the permitted EUropean sustainable development goals.
values. These commitments have not lead to real
If current trends continue, Bulgaria will results when considering some of the key
achieve the goal of not reporting averagedoals analysed in this research. Real factor
values for nitrate content in groundwaterincome in Bulgarian agriculture has been
above 50 mg. INsbouldlbe H§ciningp singe 2022, jeopardizing the
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achievement of the 2030 targets. At the sam@gricultural Economics and Management, 70 (3),159

time, the country is lagging behind the 81
y 9ging 7]National Statistical Institute of the Republic of

European requirements to reduce ammoméulgaria Database, https://www.nsi.bg/statistical

emissions by 3% per year, with the targelyata/141/431Accessed 087.02.2026
values being reached only in 2019. The mairj8]Popescu, A., 2025, Sustainable development in

reason for these negative environmental agriculture A study case in Bulgaria and

trends is the massive use of mineral fertiIizeréé?&%ﬂ?fCiEgg‘?ﬁeerﬁzpe:ﬁ %ﬁ{éeuslture'v'agagzﬂearl‘t’
as a result of a shrinking livestock sector. To evelopment25(4), 771786,

overcome these challenges, a fundamentagshopova, E. 2023, Problems, trends and
transformation of national policies and morecharacteristics in the development of modern

effective management of production factorsagriculure in Bulgaria, published in Miraclé\, Issue
are needed. 1 year 2023, 5&1.

. . 10]Sirbu, C., 2025, Romania’'s Common Objectives
The share of organic production areas show or a Sustainable Future Inside the 2030 Agenda.

encouraging dynamics, doubling tO 3.95% iNGreen Transition to a Circular Economy. Scientific
2024 compared to 2021 and giving a realPapers Series Management, Economicsiri&gging in

chance to reach the target of 7% by 2028. Thégriculture & Rural Development. Vol. 25(2), 711
results are positive for the content of nitrates’20:

. [11]Stan, M., Ciobotea, M., 2024, Online Learning
in groundwater, wherthe reported 28.18 mg/l Technologies and SustainablarBl Development: a

is far_ below t_he Permitted_"mit of 50 mg/l. European Perspective. Scientific Papers Series
Despite the slight increase in these levels oveKanagement, Economics Engineering in Agriculture &

the last six years, Bulgaria remains stable an@ural Development. Vol. 24(2),8784.
meets the requirements of the European

Directive 91/676/ EEC. The future success of

the setor depends on reducing transaction

costs for certification and promoting

sustainable agricultural systems more

actively.
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Abstract

Rur al areas make wup a | arge part of Bul gari adsbd
development of these areas is dependent ondbdity 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 amargagbsumers. 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 regigara Bmed 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.

Keywords rural tourism SERVQUAL, GAPS Modehnsumeatisfaction, Southeast RegidBulgaria

INTRODUCTION experience, and the degree of visitor
satisfaction.
Rural areas in Europe and Bulgarialn Bulgaria,rural areas occupy a significant
specifically have undergone a dynamicpart of the territory, but their economic
transformation in recent decades. development is uneven. The Soiithst
From traditional suppliers of agricultural Planning Region, covering the districts of
produce, they are evolving into Burgas, Sliven, Yambol, and Stara Zagora,
multifunctional spaces offering ecosystempresents a unique case for study. It combines a
services, cultural identity, and recreationalhighly developed Black Sea coast with
opportunities. lagging internal rural territories in Strandzha,
In the context of the Common Agricultural Sakar, and the Balkan Mountains. This duality
Policy (CAP) of the European Unioand creates both opportunities for the overflow of
national priorities for regional development, tourist flows and risks of deepening regional
the diversification of the rural economy is disparities.
imperative for retaining the population and The theoretical basis dhis research is the
raising the standard of living (Lulcheva & Gaps Model of Service Quality, developed by
Arseniou, 2018) [7]. Parasuraman, Zeithaml, and Berry (1985)
Tourism has established itself as one of thg11], which defines quality as a function of
most  effetive instruments for this the difference (Gap 5) between consumer
diversification (Stanoeva, L. 2025) [15]. expectations and their perceptions of
It creates opportunities for additional performance. In the conterf rural tourism,
employment, stimulates local this model acquires specific dimensions, as
entrepreneurship, and supports thet ouri st s of t en val ue
preservation of culturdistorical heritage hospitality and contact with nature more than
(Lakov, P. 2012) [4]. However, thesess of |uxury amenities (Lulcheva, 2021; Prabeharan
a tourist destination is directly dependent onet al., 2008; Puri & Singh, 2018; Shi & Shang,
the quality of service§ a complex concept 2020) [6, 12 13, 14]. While the existing
that includes not only the material base buliterature extensively outlines the theoretical
also the human factor, the authenticity of theframework of rural tourism quality,
comparative applications of the SERVQUAL
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and RURALQUAL models reveal significant period, it is strictly established within the
regional differences across countries. Forstrategic documents.

instance, studies that apply these In accordance with the Strategic Plan for
methodologies in highly developed EuropeanAgriculture and Rural Development of the

rural destinations often show that touristsRepublic of Bulgaria for the period 2023

prioritize the 'Tangibles' and 'Assurance'2 0 2 7,

t he

nati ona

dimensions, expecting highly standardizedestablished at the municipal level.

infrastructure and services. Conversely, in
emerging or transitiong rural destinations in  _g,

Eastern Europe, such é’f"
KIjail Ge[8]toerists plazedgPeatdr "g‘ﬂi\
emphasi s on AEmp 48

AResponsivenesso. I n
actively seek authentic local interactions anc
traditional gastronmy to compensate for
potential infrastructural  deficits.  This
comparative dynamic makes the Southeas

Bulgarian market a critical case study forMap 1. Classification of Bulgarian municipalities by
type: rural (green) and urban (red).

Source: Strategic Plan for the Development of

understanding how  emerging rural

.“-

Lo .
gy

5
(S 7R
o w?

destinations balance infrastructural gaps WlthAgricuIture and Rural Areas 202827 [16].

authentic hospitality.

According to this document, rural areas are

MATERIA LS AND METHODS defined as:
AMuni cipalities

The present study applies a mixeethod settlement with a population exceeding 15,000

approach, integrating the analysis ofp e 0 (EUCAP Network, 2024) [1].

secondary statistical data and the design of Based on this methodology, rural ase

Il defi

ovi

Vi si

i n

primary  empirical ~ study through & occupy approximately 86% of the total

questionnaire methodhe territorial scope of territory of the Southeast region. Out of a total
the study is the Soutast Planing Region of 33 municipalites in the region (on a
of the Republic of Bulgaria. The region is territory of ~19,799 sqg. km), 28 are classified
selected due to its Strategic location an%s rural and 0n|y 5 as urban (BurgaS, S"\/en’

contrast in tourism development. While thEYamboL Stara Zagora an(bzamak) (Map 1,

Burgas district concentrates over 70% of theraple 1).
accommodation capacity, the internal rural

areas (Yambol, Sliven) renma peripheral Table 1.AdministrativeTerritorial and Demographic

despite their rich anthropogenic and naturalCharacteristics of the Soutfastern Region

potential (Thracian heritage, wine regions).

Metric

Southeastern Region Valug

Burgas and Stara Zagora provinces have the Total Area

~19,799 krh

highest share of urban land due to their largeg— ot Number of Municipalities

33

Rural Municipalities

28

industrial and maritime centers, while Yambol UrbanMunicipalities

iIs the most rudaprovince, with 4 out of 5

5 (Burgas, Sliven, Yambol,
Stara Zagora, Kazanlak)

Share of Rural Territory

~86.4%

municipalities classified as rural.

Share of Rural Population

~42%

In Bulgaria, the classification of territories as Source: Strategic Plan for the Development of

Airural d hol ds not o0 nAgrgulturgandRyral Ageps ROZBEZ7416]-

profound financial and administrative

significance, as it determines eligibility for Data Collection and Instruments

support undethe European
Agricultural Funds. The definition has PUrposes

Data Collection and

of

but

Instrument$or the
study, a structured

a l

evolved, but in the current programming duestionnaire was developed based on the

modified SERVQUAL scale, adapted for the
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needs of rural tourism (RURALQUAL) The formula is designed so that the pdjaof
(Markovil & KIjail Gileebresetkpositiz®degativd) Bnmediatdlyh e
questionnaire is degmed to measure Gap 5 identifies the service status:

(The Customer Gap) and consists of five(a)Positive result when >0 performance
sections: exceeds expectations, leading to customer
(1)Consumer  Profile:  Establishes thedelight

frequency of travel and preferred destinations(b)Zero result when =07 performance
testing the hypot hes mached fexpéctatoresk éadohg toosemices mo
(Kilimperov, 2016) [2]. confirmation

(2)Objective Evaluation: Meases (c)Negative result when i<@ performance
satisfaction with specific elements fell below expectations, indicating a service
(Accommodation, Food, Entertainment) on aquality gap

5-point scale. The collected data was checked for errors and
(3)GAPS Analysis: The core of the instrumentdiscrepancieduring the collection process.

where respondents evaluate both their

Expectations and Real Perceptions across fivRESULTS AND DISCUSSIONS

dimensions: Tangibles, Retigity,

Responsiveness, Assurance, and Empathy. Analysis of Secondary Dataand Regional
(4)Qualitative Component: Open questionsDisparities

for detailing specific discrepancies. The analysis of data from the National
(5)Demographics: Income, age, andStatistical Institute (NSI) for 2023 [9] reveals
household size. drastic differences in tourism capacity within

The methodology includes descriptive the SouthEast region.

analysis of secondary data from the Na&él Table 2 presents the key indicators for

Statistical Institute (NSI) regarding the accommodation establishments.idt evident

activity of accommodation establishments forthat the coastal district of Burgas dominates

20232024. significantly, while the rural districts of Sliven

Based on the structured questioner a survegnd Yambol have limited capacity, primarily

among 379 tourist service consumers formthe n t he category of Ague:

Southeast region of Bulgaria was deployedh ot e {2 stars).( 1

The results fromthis survey were analysed This structural imbalance confirntke thesis

and consumers were grouped based othat tourism in the interior is still

common factors regarding to their service useinderdevelopeth therural areas. As noted by

frequency, size of their households, theirKilimperov (2017) [3], the lack of official

household income and their price of servicest at i sti cs specifically

responsiveness. The data averages for thesenders precise planning, but the data on low

groups was useth the analysis based on the occupancy in Sliven and Yol suggests a

SERVQUAL model. need for product diversification.

The SERVQUAL model was adopted for the Based on the literature review, several key

needs of the study with an aggregatet r ends are emerging thai

perceived quality indicator based on groupedjuality. Research by Lulcheva (2021) [6] on

data from the survey. family hotels indicates that while hygiene and

Aggregate perceived quality has the formula: basic furniture are oftemated highly, the

surrounding  environment  (environmental

boéodBa 6Q 0O@éééé. . (1) protection, yard maintenance) receives lower

where: scores. In the SoutBast region, the poor road

Aiiachieved quality, tnigstuctyete (pmptevijages insirgndzhp o ¢

the actual service performance for group and Sakar is expected to create a negative gap

Eiexpected quality- !t'hd Do oPAl Iegsppe rdsismepsd on.

service expectation or desired standard for

groupi.
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Table 2. Main indicators for the activity of All age groups that regularly participate in

202 . .

0 j) st | - the studiecgroup with 28% aged between 18

Indicator Burgas Sliven Yambo 0/ i

District éla;%g;? District District ng 33’3?2‘3} %0 in (tjhfe gr(Z].u]_p agseSd from 31 to
an 4% aged from 41 to 55.
Accommod .
ation 52 64 46 o5 The largest part of participants are members
o of households with 4 memberis 32.7%,

_ 142,272 followed by the small household with only
Nights spent ("S“eta‘;fot:)e 59,520 | 9,269 | ~5000 two members 29% and hose with thred
Reven_ues High (peak| Sustainabl 26.4%.

E’Bc’g‘Nr;'ghts S‘;fa‘:(fn) e Low Low Over half of the surveyed have disclosed that
Bulgarian | Mostly | Mostly | Mostly their households have shown higher the

Dominant citizens | Bulgarian | Bulgarian | Bulgarian average income 71.8% with 44.4%

Tourism and citizens | citizens; | citizens; . ' ! )

Type foreigners;| Cultural/B | Rural/Mou | Rural/Tran outpacing the average by no less than 50%.
Mass/Sea| usiness | ntain sit This allows for the data collected for these

Source: Aggregated data from NSI (2023) [10]. groups to be relevars they have sufficient

disposable income for leisure and tourisrp
a@ivies! € XPerirenceo, nNo
The surveyed were grouped by one key
indicator | the frequencp/ Ioffuse(\)of t0l1_r|isom

Modern tourists seek
a bed. Kilimperov (2016) [2] identifies a
growing trend for weekend tourism driven by

us

the desire to nescapeserv?cgsgnrzdzg_ay e wever

many rural guest houses offer only
accommodation without organizing additional
activities (hiking, craft demonstrations). This

e e e arest foups of people have oy used
P 9 tourism services pne to two times last year

gap in fAResponsivengsgsandiRemyET BVelsed

(Sugiarto & Octaviana, 2021) [17]. them three to four times on 202532.7%
Lulcheva (2020) [5] highlights that 94% of Only 12.7 of the surveyed ha\siated- thét

tourists appreciate tr_adltlonal d'Sh?S' .Thethey have not used any rural tourism services
SouthEast region, being a leader in wine

) : during 2025.
production  (Thracian Lowland), has the All participants in the survey reside in the

p_otentla to close gaps N other areas throu.ghSoutheast region of the country, where rural
high-quality food and wine experiences. It is

areas account for approximately 86.4% of the

The group that showed the highest frequency
of use of more than 7 servicesdhgh the
ear represented 9 % of the surveyed.

expected that the ﬁF?oPaIté)rritoﬁ/r}vxﬁtﬁnj srt]éfewwt};r ah ceftdts® W

positive gap (expectations exceeded) in th?
upcoming survey.

Survey Results and GAPS Analysis

The implementation of the SERVQU

Ministry of Agriculture and Food, 2022) [9]
This in term requires more actions stimulating
tourism services in these areas, as they can
. rovide a large varietyi seaside tourism,
;r;:tlzﬂjcdyodules was arapted for the needs qultural t_ourism, ecotourism, rural tourism,
Within thié model a survey of 379 consumerserle tourlsm, etc. . , ,
frolm the Southeast regign of Bulgaria hasThe analysis of gaps in qua_lhty of services has
been done proven to pe a valuable instrument f_or the
The groub of participants have ShoWnsectpr, as it allows for probl_ems within the
differentiating characteristics along the "nesserwce elements 1o pe plnpplnted. In Teble
the average gaps in quality are presented

of: size d households, households 'ncome’grouped by the frequency of usé tourism
tourism preferences and frequency of US€, o vices

motivation factors for participation in tourism
activities, age, gender etc.
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Table3. Average GAPS in quality of tourism services, based on author survey

Household income Consumer price perception
Under the . Over the ALl a_bove Price_s of Prices are Prices are
. Regional - the regional tourism approachable, .
regional region average - ] unnecessarily
average average (up t01.5x) average (abov{ services are bL_Jt slightly high
1.5x) adequate inflated

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 1.71 -0.03 0.70 0.55 0.43 0.96 1.40

per year

Group 3- uses tourism

services from 3to 4 0.91 1.08 0.74 0.91 0.63 1.01 0.50

times per year

Group 4- uses tourism

services from 5to 6 -0.60 1.56 0.25 1.58 0.80 0.92 0.75

times per year

Group 5- uses tourism

services more often 0.20 0.29 1.00 0.00 -0.25 1.05 -1.33
than 7 times per year

Source: Own calculation based on the survey data.

The customer satisfaction with tourism customer satisfaction. Consumers are not
services was highest for the Group 1, andnost satisfied when they access a seEvi
especially those members that have earninggrice as adequate, marked by the commonly
lower the regional average. As per theirownused term Agood deal 0,
statement they do not use tourism services ahere are overpaying for a service with an
all, or if they do it is a rare occasioand thus inflated price. This phenomenon is getting
their opinion is highly stewed towards more pronounced with the increasing of the
satisfactioni any service is good service frequency of use of services. Thesults may
when we use them on a rare occasion. At theuggest that tourism consumers in the
other end of the spectrum the highest level osoutheast region of the country expect inflated
dissatisfaction in tourism services wasprices and welcome them as the prerequisite
recorded in Group 5, as theirige perception for an adequately priced services are the
is heightened due to the high frequency of usexpectation of lower quality, that does not
and any price increases adds up and leads tthange after the providedmerience. This has
frustration. Notably for the same group, whenoften described by consumers as the service
the price of a service is perceived asbei ng fAgood enough for
approachable, they tend to show the highegperceiving it in negative light as one of lower
satisfaction level Wwen considering the rate quality.

for services as a key component. The highesthe correlation analysis of the surveyed
level of price satisfaction is evident with groups reveals significant dependencies
Group 1, where we encounter low pricebetween thefrequency of utilizing rural
elasticity and customers ware more satisfiedourism services and three key variables:
when services overcharge them. This anomalgonsumer price perception, household income
can only be expined by the lack of level, and household size (Table 4). The most
experience in the field of members of Group 1pronounced and statistically significant
and their higher perception of quality outliersrelationship is observed in the consumer price
and succumbing more easily to promotionpercepion.

material and commercials. Group 2 haveThe data demonstrates a strengthening
shown similar tendencies with a slightly negative correlation as the frequency of
higher satisfactiorwith overpriced (in their service use increases, starting from a
own opinion) tourism services. negligible 00267 for Group 1 (ncmsers or

A highly visible trend is evident form the rare users) and peaking &0.3895 for the
collected survey data regarding themost active tourists in Group 5 (using sersice
relationship between service price andmore than 7 times a year) and the price
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perception of consumers. This trend illustrateghe entire study at 0.3197. This indicates that
a strong priceguality connection within the for this specific cohort of moderately active
region's rural tourism sector. tourists, the level of disposable income is a
critical determinant of their tourism behaviour
Table 4. Pearson correlation between aggregate and overall satisfaction. Sustaining suah

perceived quality ""I”d "e3|’ survey grouﬂimgrs frequent travel rhythm requires careful
Mt the hfdzsiﬁéld Oﬁisferf‘er financial planning, making their choices
household perception | highly incomedependent. In contrast, for the
Sroup 1 does it | 0.0831 -0.0406 | 0.0267 most frequent travellers in Group 5, income
Group 2. uses plays a negligible role (0.0315), suggesting
tourism services up t{ ~ -0.0561 -0.1474 -0.2181 that frequent travel has become a itzdxl
o > e routine lifestyle for them, shifting their focus
tourismservices from|  -0.1569 -0.0103 -0.2759 entirely toward the pricéo-quality ratio
3 t‘(’;foﬂr;?f peryeq) rather than budget constraints.
tourism services fron 0.3197 0.1882 -0.0705 FinaIIy, the size of the household
5t‘éfoﬂ’;§?lﬁ’:ers3’ea' demonstrates the weakest correlational links
tourism services mor| 121 0.0805 10,3895 among all examined factors. The coefficients
often th";‘/’;;“mes pe are ranging from negative values lik@1474
Source: Own calculatiobased on survey data. (Group 2) to negligible positives for most

groups. The most pronounced dependency is

Discussion: Connecting Quality Gaps with again seen in Group 4 (0.1882), likely because
Consumer Behaviour frequent trips for larger families necessitate

Inexperienced tourists exhibit low price Stricter budgeting, tying thisariable closely
elasticity and often remain satisfied evento their income considerations. However, we
when overcharged, primarily due to a lack ofcan draw another conclusion based on the
comparative experience and a highercorrelation, as larger households are more
suscepbility to promotional materials. likely to consider a service experience as
Conversely, regular consumers developPositive. This may be a result of larger tourist
heightened price sensitivity, where anygroups being ableot find some positive
unnotified price increase leads to frustration. €lements of the service and in combination
The lack of correlation between price there is a positive synergetic effect, leading to
perception and consumer satisfaction isPositive correlation between the size of the
evident in Group 1as only veryinfrequent household and tourism service satisfaction
users do not necessarily seek the cheapelgtvels, as one member likes the food, another
options; rather, they often associatethe accoimodations, etc.

fladequately priced services with lower Overall, the data implies that whether
expected quality. They tend to welcomeconsumers travel alone, as couples, or with
slightly inflated prices as a prerequisite andchildren, the sheer size of the household does
guarantee for higher séce standards. meaningfully  alter  their = fundamental
This phenomenon perfectly illustrates Gap 5expectations regarding the quality and pricing
(the Customer Gap) of the SERVQUAL of rural tourism servicesn the Southeast
model, showing that price acts as a powerfuregion.

tool for managing expectations: higher pricesOur empirical findings regarding the
generate higher expectations, the fulfilment ofCustomer Gap (Gap 5) reveal a unique
which leads to genuineustomer satisfaction. paradox in the Southeast Bulgarian region that
Regarding the income level of the householdcontrasts  with traditional SERVQUAL
the correlations are predominantly weakapplications in other countries. As evidenced
across most groups, with one notableby Table 3, Group 1 (inexpenced tourists)
exception. Group 4, comprising individuals reported highest satisfaction levels even when
who use tourism services 5 to 6 times a yearfacing inflated prices, associating higher costs
exhibits the strongéspositive correlation in directly with higher expected quality. This
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differs significantly from findings in more The empirical survey of 379 consumers
mature Western markets, where frequent useneveals a  pronounced PriCality
dictate sandard pricing and maintain stable correlationconcerning Gap 5 (The Customer
satisfaction. In Bulgaria, as shown by theGap). The data indicates a stronggative
strong negative correlation-0(3895) for correlation between the frequency of tourism

Group 5 in Table 4, highly experienced service usage and consumer price perception.

tourists become increasingly critical and Generally, tourists that rarely use these
price-sensitive. services welcome slightly inflated prices as a

This trend can be directly linked tthe Prerequisite and guarantee of higher service
specific dimensions of the rural tourism Standards, achieving arimum satisfaction

product in the region. As previously When these elevated expectations are met.

highlighted by Lulcheva (2021) [6] regarding Highly exp_erienced, frequent tourists seek the
family hotels, while basic hygiene is met, lowest prices, as they prove to be very
broader environmental and infrastructuralmMindful of their travel budgets although they

factors often lag. Our data confirms this;t end to associate fadeq!

frequent tourists (Group 5) likely experienceWith inferior quality, often describing them as

the negative gap in "T£dgi bfieesddwenoudhtt nfed

poor road infrastructure to remote villages inConsequently, pricing acts as a crucial
Strandzha and Sakar, which diminishes theiPsychological anchor in managing consumer
satisfaction despite lower prices. Furthermore€Xpectations in rural tourism for all studied
modern tourists increasinglgemand active 9roups.

recreation (Kilimperov, 2016) [3]. The Furthermore, the analysis shows that
frustration observed in frequent users (Grougiemographic factors influence  tourism
5) indicates a severe gap in 'Responsivenesgehaviour in highly specific ways. Household
and 'Empathy’ (Sugiarto & Octaviana, 2021)income plays a pivotal, strong correlational
[17], as many local guest houses providerO|e primarily for moderately active tourists
passive accommodation rathtban integrated (traveling 56 times a year), for whom budget
cultural or winetasting experiences, which considerations directly dictate their ability to
are crucial for offsetting infrastructural Maintain their travel frequency. In contrast,

weaknesses in transitioning economies. for the most active tourists, travel has become
a stabilized lifestyle relatively unaffected by
CONCLUSIONS income fluctuations, while household size

shows almost no significant statistical impact

The analysis of rural tourism in the South ON consumer expectationand satisfaction
East Planning Region of Bulgaria &cross any of the surveyed groups.
demonstrates that thearea possesses 10 achieve sustainable development and
significant, yet unrealized, potential. With successfully close the existing service quality
rural areas accounting for approximatelydaps, rural tourism providers must diversify
86’4% of the region's territory’ these their Of'ferlngS. Modern tourists |ncreaS|ng|y
municipalities offer rich anthropogenic and Seek holistic, active ewpiences rather than

natural resources that remain underutilized®assive accommodation. Upgrading
due to deep structurdmbalances. A stark it angi bl eo el ements, s
contrast persists between the highly developed#nfrastructure, and enhancing

uc

coastal areas (Burgas district) and the laggingi ' € sponsi venesso throug|

peripheral rural interior (such as Yambol andProductsi such as combining coastal and
Sliven). Addressing this disparity requires amountain tourism, or leveraging the iegs
strategic shift from intuitive to datdriven Strong wine production capabilitig¢swill be
management, utilizing tools like the GAPS Vital. By diversifying their services tourism

model to systematically align services with Providers can ensure that the synergetic
consumer expectations. effects we noticed for larger groups of 5+

members will lead to an overall increase in

49



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

customer satisfaction with aigh degree of [10]National Statistical Institute, 2024, Activity of
probability. Finally, targeted training for local @ccommodation establishment223. NSI.

.. . 11]Parasuraman, A., Zeithaml, V. A., Berry, L. L.,
administrators and the establishment 01{1985, A Conceptual Model of Service Quality and Its

demonstration centers are necessary Step_s I plications for Future Research. Journal of Marketing,
close the knowledge gap among rural site49(4), 4150.

managers, thereby elevating the overalll2]Prabaharan, B., Arulraj, A., Rajagopal, V., 2008,

the destination Equation Modeling, Part Vi Service Quality &

Satisfaction, 14350.

[13]Puri, G., Singh, K., 2018, The Role of Service

ACKNOWLEDGEMENTS Quality and Customer Satisfaction in Tourism Industry:
A Review of Servqual Model, Internatidndournal of

This research work was carried out with theResearch ans Analytical Reviews, Vol. 5(4), -748.

support of Trakia University in Stara Zagora, =415 2. Shang, H., 2020, A review on quality of

. ) X 'service and servqual model. In International
Bulgaria and was financed from Project 1E/24cqnference on HumaBomputer Interaction, 18804,

ASustainabl e d e v e | o pcna®: Bptinger InterhationalBublishghga 1 i @ n

agriculture under the effexof European Eco [15]Stanoeva, L., 2025, Circular Economy in Tourism

policyo. I Economic Challenges and Perspectives for
Sustainable Development, UNWE Research Papers (3)
2025, UNWE Academic Publishing House.

REFERENCES [16]Strategic Plan for the Development of Agriculture
and Rural Areas @®3-2027

[1]JEU CAP Network, 2024,CAP Strategic Plan https://sp2023.bg/index.php/bg/selsjoni, Accessed
factsheet: BulgariaEuropean Commissiomttps://eu on 8 January 2026.

cap [17]Sugiarto, S., Octaviana, V., 2021, Service quality
network.ec.europa.eu/sites/default/files/publications/20 (SERVQUAL) dimensions on customer satisfaction:
24-08/eucapnetworkcspfiche-bulgaria.pdf Accessed  Empirical evidence from bank study. Golden Ratio of
on 8 January 2026. Marketing and Applied Psychology of Business, 1(2),
[2]Kilimperov, 1., 2016, Weelend tourism in rural 93-106.

zonesi The new tourist reality. Scientific Papers Series

Management, Economic Engineering in Agriculture

and Rural Development, 16(3), £480.

[3]Kilimperov, 1., 2017, Curren state, development

opportunities and promotion of rural and agricultural

tourism in Bulgaria. Scientific Papers Series

Management, Economic Engineering in Agriculture

and Rural Development, 17(4), ¥138.

[4]Lakov, P., 2012, Tourism Policy and Develogmh

of Ecotourism in Bulgaria, New Knowledge Journal of

Science, Vol. 1(2),-11l, 360-365.

[5]Lulcheva, 1., 2020, Analysis of the state of culinary

tourism in Bulgaria. Scientific Papers Series

Management, Economic Engineering in Agriculture

and Rural Deelopment, 20(1), 36814.

[6]Lulcheva, I., 2021, Assessment of the service quality

in a small family hotel in the rural tourism of Bulgaria.

Scientific Papers Series Management, Economic

Engineering in Agriculture and Rural Development,

21(3), 539547.

[7]Lulcheva, I., Arseniou, S., 2018, SynergyRural

tourism and sustainable development of rural areas in

Bulgaria. Scientific Papers Series Management,

Economic Engineering in Agriculture and Rural

Development, 18(3), 24350.

[ 8] Mar kovil, 1§.J, 2020] Peavicd Gebr e

quality measurement in rural tourism: Application of

RURALQUAL model. Academica Turistica, 13(2),

215227.

[9]Ministry of Agriculture and Food, 2022.

50


https://eu-cap-network.ec.europa.eu/sites/default/files/publications/2024-08/eu-cap-network-csp-fiche-bulgaria.pdf
https://eu-cap-network.ec.europa.eu/sites/default/files/publications/2024-08/eu-cap-network-csp-fiche-bulgaria.pdf
https://eu-cap-network.ec.europa.eu/sites/default/files/publications/2024-08/eu-cap-network-csp-fiche-bulgaria.pdf
https://eu-cap-network.ec.europa.eu/sites/default/files/publications/2024-08/eu-cap-network-csp-fiche-bulgaria.pdf
https://sp2023.bg/index.php/bg/selski-rajoni

Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

NATURAL AND CLIMATIC CHALLENGES TO THE MAIN FIELD
CROPS1 FOLLOWING THE EXAMPLE OF THE REGIONS OF RUSE,
PLEVEN AND VELIKO TARNOVO, BULGARIA

Georgi ANGELOV, Elena YORDANOVA, TsvetanMARK OV , I'l'iyana KR¢STE

D. A. Tsenov Academy of Economics, 2, Emanuil Chakarov Street, 5250, Svishtov, Bulgaria, E
mails: g.i.angelov@unsvishtov.bg e.yordanova@ursvishtov.bg ts.markov@unsvishtov.bg
i.krasteva@unsvishtov.bg

Corresponding authorg.i.angelov@unsvishtov.bg
Abstract

Grain production is a strategic and structurally important sector in the economy Bfejmeblic 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 tHeestudy, t
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 -2024 are analyzed, identifying the main trends

in its development, awell 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 Achieving sustainable development in the
agricultural sector, viewed through the prism
Grain production has established itself as a@f both quantitative and qualitative parameters
strategic and structurally determining sector inof production, presupposes the application of
the economy of the Republic of Bulgaria,a systematic, innovative and compl
characterized by a significant contribution toanalytical approach to modern trends and
the agricultural gross domestic product,dynamic changes in the environment. In this
employment and export potentialf dhe context, the need for timely identification,
country. assessment and management of emerging
But in recent years, the sector is underrisks and constraints that affect the efficiency
increasing pressure from a combination ofand stability of production processéds of
climate, market and political factors at globalparticular importance (Varamezov, 2025)
level. Climate change is emerging as a key11].
determinant of yield variability and product Of paramount importance for the lotgrm
quality, while increaed volatility in development of the grain production sector is
international markets and changes inthe formation of a favorable environment that
agricultural policies are further complicating stimulates its efficiency, sustainability and
economic conditions. In this regard, economic viability. Tl realization ofstable
increasing the competitiveness of grain farmseconomic benefitsimplies, on the one hand,
should be considered as a priority goal, thehe achievemenof constant and reliable
achievement of which reqais the integration yields, and on the other hand, the provision of
of innovative technologies, optimization of profitable realization of the produced
resource efficiency and the implementation ofproducts.
sustainable management practicéBeneva, Due to these circumstances, this study aims to
2021) [6]. These have a direct impact on analyze the influence of the main climatic
production results, resource security andfactors on the development of grain
economic efficiencyof farms. (Ghilencea et production, with an emphasis on assessing
al., 2025)[4].
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their impact on the production and structural26°C. In recent years, there has been a
parameters of the sector. In an empiricatendency towards more frequent droughts,
aspect, the processes and trends in graiespecially in the months of July and August.
production in the districts of Ruse, Pleven andThe summer period is also characterized by
Veliko Tarnovo have been studied, whichthe appearance of intense thunderstorms and
have established themselves as one of thiealstorms, which have a significant impact on
leading regions for grain production in the agricultural production.

country. Agricultural activity is particularly intensive
The scope of the study includée cereals of in the plains, where significant tracts of arable
wheat, barley and maize, as well as oilseedand are concentrated, intended mainly for the
sunflower, as they constitute essentialcultivation of grain and oilseeds of d&gic
elements of crop production both in theseimportance for the agricultural sector of
regions and on a national scale, and are growBulgaria. The share of agricultural territories
under similar agrotechnical practices. in the districts under consideration reached
The analysis covers the pedi 20212024, approximately 80%, which significantly
looking at the state, dynamics and structurakxceeds the national average (57.4%). The
features of the sector. The main trends in it@nalyzed districts rank among tleaders on a
development are identified, as well as thenational scale in the production of cereals and
existing problems arising from climatic risks oilseeds, with the largest relative share being
and resource constraints. A systematization oivheat, corn, sunflower and barley. These
the factors dtermining the observed changescrops annually occupy a predominant part of
has been carried out in order to better interpreérable land, which determines the region's
the interrelations between the climatic pronounced speciatation in grain production.
environment and economic performance. The climatic characteristics of the three
All three areas studied by us border eachregions are determined by their belonging to
other, they are located in the central part othe zone of temperate continental climate.
northen Bulgaria, as their northern border is This climatic type, combined with the wide
the Danube River and it amounts to about 20@istribution of fertile alluvialmeadow and
km. , in total for the three districts. To the chernozem ails, creates favorable natural
south of them is the Balkan Mountains, to theprerequisites for intensive development of
east they border with the districts of Razgradagriculture. Crop production has established
and Silistra, to the west witthe district of itself as one of the most sustainably
Vratsa. The total area of the three districtsdeveloping sectors in the economic structure
amounts to 12,118.7 km? or about 11% of theof the districts.

country's territory. The district of Veliko Tarnovo ishe largest
The studied areas are characterized by and has an area of 4662 sg.km, very little by
favorable geographical position and alittle is the district of Pleven with 4653 sq.
significant variety of relief, including km. km. and the smallest is Ruse with 2803
mountainais, hilly and flat terrains. This sq. m. km., in. Veliko Tarnovo region has 10
landscape heterogeneity, combined withmunicipalities, with 167 lands, 2,937,294
suitable agreclimatic and soil conditions, Dec. agricultural argeand 204,033 population.
creates prerequisites for a high degree oStructurally, agricultural land is allocated to
development of agricultural production. The 2,190,119 Dec. fields, 127,903 Dec. perennial
climate of the studied territory is significantly crops, including vineyards and 395,729 dec.
influenced by the proximity of the Danube pastures, meadows and meadows.
River, which determines specific temperatureAdministratively and territorially, Pleven
characteristics. The winter season isDistrict is divided into 11 municipalities, with
characterized by relatively low temperatures, 123 lands. The largest amount of agricultural
with the average January temperature rangintand is in the region of Pleven 3,989,095 Dec.
betweeni 2°C andi 3°C. Summers are warm, of which 3,076,240 Dec. fields, 110,826 Dec.
with an average July temperature of abouperennials, 441,437 Dec pastures, meadows
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and meadows. Ruse region consists of 8MATERIALS AND METHODS
munidpalities with 83 lands, agricultural land
amounted to 2,018,455 Dec., 1,530,013 DecBoth primary and secondarysources of

fields, 24,380 Dec. perennials. information were used in the framework of
The territory of the studied area isthis study. The primary sources include
differentiated into three main official documents, reports, as well as

morphostructural  zones:  plain, semi statistical and analytical materials of the
mountainous and mountainous, tHatter  Ministry of Agriculture and Food (MAF) and
occupying a relatively small spatial share. Thethe Regional Directorates of Agrituie.
relief diversity causes significant differencesSecondary  sources include  scientific
in the genesis, morphology and compositionpublications, as well as empirical data
of the soil cover. The soil layer is collected through interviews with farmers,
characterized by a high degree ofgrain buyers and chairmen of agricultural
heterogeneity, manifested both at teegdl of cooperatives. The interviews were conducted
administrative units (municipalities) and both in person and by phone.

within the individual lands. Spatial variability In the analysisof the collected information,
of soil characteristics includes differences intraditional methods of scientific research were
mechanical composition, humus contentused. Among them are general scientific
water regime and agrochemical indicators.methodsi historical and logical approaches,
The lowland areas are domiad by soils with as well as logicatheoretical methods,
high natural fertility and favorable including analysis, synthesis, comparison,
agrophysical and agrochemical propertiesjnductionand deduction.

which creates prerequisites for intensiveBased on the results obtained, summarized
development of crop production. In contrast,conclusions have been formulated regarding
in semimountainous and mountainous areasthe sustainability and adaptive capacity of
different types of forest disi predominate, grain production, as well as guidelines have
characterized by lower values of basicbeen proposed to increase its competitiveness
agrochemical indicators and more limitedand ensure lonrtermsustainable development
production potential for agricultural use. in the context of climate uncertainty.

The research thesids that in recent years, a

very important sector for the country, such asRESULTS AND DISCUSSIONS

grain production, has €n experiencing

extremely negative trends caused by climatéStructural and quantitative indicators of
change, both structurally in terms of cropthe main arable crops in the areas studied
rotation and yield, especially in spring crops. by us for the period 20212024

To achieve this goal, the following research The analysis of agricultural production in the

tasks have been formulated: regons under consideration is focused on the
Amoni toring a stdte of granl yeading cropd that determine the structure of
production; crop production. It has been found that in

Ai dentification of totder to eresuren agranomecally pistifiednand t h e
development of the sector; ecologically balanced crop rotation, a ratio
Aanal ysis of c¢l i mat e betweenn gpeng aand autansy érapp asc t
crop yields and structure; maintained, close to parity (approximately

Adevel opment of r e ¢ oS5Mb0e Mk aytoup mwihasitumn oropsl incloded
and overcome the negative consequences ofheat and barley, while corn and sunflower
climate change. are classified as spring crops. The
The implementation of these tasks will maintenance of such a structure of the sown
contribute to the formulation of guidelines for areas creates prerequisites for optimizing

sustainable and competitive grain productionagrdechnical measures and limiting the risk
adapted to dynamically changing climatic of degradation of soil resources.

conditions.
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These practices constitute an essential elemen¢sources and are in line with modern
of the implementation of the principles of requirements for environmentally friendly
sustainable management of agriculturalagriculture.

Tablel. Areas sown in decares and relative share of the main crops as a percentage of the total sown area, by year
for the period 2022024

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: "AGRICULTUREY V., 2024) (Veliko Tarnovo, 2025) (Ruse, 2025) (Pleven, 2¢25)12, 9, T.

Barley areas remained almost unchange@dreas reduced from 1,889,243 decares to
relative share of 4%n the period 2022023, 1,451,453 decares. This indicates a significant
but in 2024 a significant increase to 408,121restructuring in favour of other crops.

decares (7%) was recorded, representing &he total sown area remained relatively stable
significant structural changegRuse O. d., in the period 2022023, with a minimal
2023). decreasefollowed by an increase in 2024,
Sunflower has a fluctuating but generally when it reached 5,868,281 decares.

upward trend. After an increase of 25% inThe analysis of the average yields of the main
2021 to 27% in 2022, a slight decrease arable crops in the district for the period 2021
follows in 2023 (26%), and in 2024 the area2024 shows a clear distinction between
reaches 1,663,872 decares (28%), which is thautumn crops (wheat and barley) and spring
highest value for the period considered. crops (maze and sunflower) in terms of
Unlike other crops, corn has a steadysustainability and amplitude of variation in
downward trend. Its share decreased fronproductivity (Fig. 1).

33% in 2021 ta25% in 2024, with the sown

800 741
700 677 635
574
600 645 539
520 576
400 461
300 253 244
> T
200
100
0
2021r. 2022r. 2023r. 2024r.
Wheat - average yield perkg. / dec. Barley - average yield perkg. / dec.
=== Corn - average yield per kg. / dec. e=g== Sunflower - average yield perkg. / dec.

Fig. 1. Analysis of the dynamics in the yields of the main arable crops for the peric@ @221
Source: "AGRICULTURE?Y V., 2024) (Veliko Tarnovo, 2025) (Ruse, 2025) (Pleven, 2¢25Y12, 9, T.

For wheat, the following values of the averagerecovery to 574 kg/ha in 2023 and reaching
yield are observed: 741 kg/ha in 2021,635 kg/ha in 2024. Despite the distinct
decrease to 539 kg/ha in 2022, partialdecline in 2022, the crop has demonstrated
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reldive stability and recovery capacity, with which increases production risk and reduces
the 2024 final value remaining around 14%economic efficiency. This explains the
lower than the 2021 baseline. observed reorientation of farmers towards
Similar dynamics is reported for barléy677 more sustainable autumn crops and the
kg/ha in 2021, 519 kg/ha in 2022, 520 kg/hareduction of areas occupied by spring crops.
in 2023 and 576 kg/ha in 2024. The analysis of the state and dynamics of the
The trend is signiGiantly less favorable for main agricultural crops in the crop sector of
spring crops. Corn has seen a consistent arttie areas under consideration outlines the
significant decline in yields, from 645 kg/ha presence of significant structural and
in 2021 to 461 kg/ha in 2022, 425 kg/ha inproduction problems, primarily related to the
2023 and only 229 kg/ha in 2024. This highcultivation of spring crops and the
amplitude of variation indicates a strongimplementation ofeffective crop rotation.
sensitivity of the crop to adverse climatic The identified unfavorable trends testify to a
conditions, especially to drought. disturbed agrotechnical balance, which creates
Sunflower also reports a downward trend: 253orerequisites for a decrease in productivity
kg/ha in 2021, 244 kg/ha in 2022, 230 kg/haand sustainability agricultural systems in the
in 2023 and 152 kg/ha in 2024. Although themedium and long term. Partiewly worrying
reduction is significant, the crop exhibits aare the indications of a potential decline in the
more modeate amplitude compared to corn production of strategic crops such as corn and
(Fig. 1). sunflower, which are key to both domestic
The biological characteristics of the sunflowerconsumption and the functioning of the
i a shorter growing season and earlier entryrocessing industry. A decrease in yields from
into the reproductive phageallow it to use these crops codllead to a shortage of raw
spring rainfall more efficiently, which partly materials for enterprises in the afpod and
explains its relatively betr adaptability to dry oil processing sectors, which in turn creates a
conditions. risk of limited supply of final products and an
The comparison between the four cropsincrease in price pressure on the market. In
clearly shows that autumn crops retain athis context, the problem acquires natlyo
higher degree of stability and less variabilityregional but also national economic
of yields in conditions of climatic instability. importance.

On the contrary, spring crops, and espegiall In addition, reduced yields and instability in
corn, show a strong dependence on the rainfathe production of major cereals and oilseeds
regime during the growing season, whichmay have a negative impact on the country's
leads to a sharp decrease in productivitffood security. The decline in domestic
during drought. production capacity increaselependence on
The economic analysis further aggravates th@nports and increases the vulnerability of the
situation with spring crops. With an averageagricultural sector to external market and
yield of 152 kg/haof sunflower in 2024 and climate shocks.

an average purchase price of 800 BGN/t, th&mpirical observations and farmers' opinions
income amounts to approximately 1222  further underline the seriousness of the
BGN/ha, which casts doubt on the situation. According to them, if unfavorable
profitability of production. The picture is even corditions persist for another one to two
more unfavorable for corih with a yield of business years, there is a real risk of mass
229 kg/ha and an awage price of 374 BGN/t, bankruptcies and withdrawal of farms from
the income is approximately €% BGN/ha, a grain production. Such a development could
value that is economically extremely escalate into a systemic crisis affecting the
insufficient at modern production costs. entire agricultural sector, with lorigm
(Yordanova, 2025)13]. sociceconomic consequences for rural areas
In summary, the analyzed data for the periodand the national economy as a whole.
20212024 show a clear downward trend inIn summary, the analyzed data outlines the
the yields of spring crops, especially corn,need for targeted policies and interventions
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aimed at stabilizing production, optimizing In recent years, climate change has been
crop rotation and increasing the susthiiy =~ deepening, manifested through more frequent

of crop production in the region. and more intense extreme eventprolonged
Main reasons for negative trends in crop droughts, heat waves and uneven rainfall
production distribution. These factors have a significant

As the root cause of negative trends inimpact on the development and fertility of
agricultural  production, modern climate crops, especially spring crops, whose growing
change stands out, the manifestations ofeason coincides with the warmest months of
which have intensified over the pastcade. the year(Atanasova, 2021p].

Their impact is characterized by both aThe data of the National Institute of
gradual increase in average annualMeteorology and Hydrology show a steady
temperatures and an increase in the frequendyend towards an increase in the average
and intensity of extreme weather eventsannual temperature in the country. In 2021, it
Which, in turn, have an impact on the was 1.3 °C above the climatic norm, in 2022
productivity of agroecosystems. by 0.8 °C, and in 2028 1.6 °C above normal.
Soil fertility is determined by the content and At the same time, 2024 has been set as the
balance of macroand microelements, as well hottest year since the start of instrumental
as by the amount of organic matter, inobservations, according to the State of the
particular organic carbon, which is essentialClimate in Europe report. As a result, there is
for the structure, water retention capacity andan increasing trend in the number ofcadled.
biological activity of the soil. However, the "hot days" (with a maximum teperature
presence of these elements is not a sufficierdbove 32 °C), which creates additional stress
condition for the realization of soil fertility. for plants, especially in critical phases of
Their availability for plants is directly developmen{Gospodinov, 20255].

dependent on soil moisture, which provides arHot periods are defined as extended intervals
environment for biochemical processes andvi t h maxi mum air temperat
for the absorption of nutrie¢m by the root 38 and 40 °C, with a minimurduration of
system. In this context, the water regime 0f2,3,4,5 and 6 consecutive days respectively.
the soil is an integral component of the (Fig. 2).

production potential.
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® Average number for Bulgaria ® Maximum number for Northern Bulgaria

Fig. 2. Number of consecutive hot days for the period 2021/2024
Source: Gospodinov, 2025.

By combining two main parameteri  comprehensive assessment of the degree of
intensity and duration of temperature heat stress on agroecosystems. Such an
anomalies T this indicator provides a approach allows not only the quantitative
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measurement of extreme temperaturgrecipitation limits the effective accumulation
manifestations, ku also a more precise of moisture in the soil profile.

tracking of their impact on the physiological As a result, a deficit of soil moisture is formed
processes of cultivated plants and on then the root layer (up to 1 m deep), which is a
productivity of agricultural systems. significart limiting factor for the development
According to the data presented in Fig. 2, inof late agricultural crops. The shortage of
the period 2022024, there is a clear trend available  water disrupts  traditional
towards a highfrequency of consecutive hot agrotechnical cycles and increases the risk of
days on a national scale. In 2021, the averaggield reduction. The increase in temperatures
number of hot days for the country amountedfurther contributes to the prolongation of
to 34, with maximum values reaching 55 daysdrought periods and an increase in the
in Northern Bulgaria. In 2022, the averagefrequency of heat waves, which has a negative
value remains 34 days, but a significantimpact on the processes of pollination,
increasen the maximum is registeredup to  fertilization and yield formation in most
72 days in Nortkeastern Bulgaria. In 2023, varieties and hybrids of spring crops.

the average number of hot days increased tdhe combined effect of high temperatures and
38, and the maximum value reached 68 daysvater deficiency leads to shortening of the
in the central parts of Northern Bulgariainterphase periods in plant ontogeny,
(Gospodinov, 2029p)]. accelerated  phenological phases and
The number of hot dayévith a maximum premature end of vegetation. This is
temperature above 32 °C) shows a steadynanifested in premature drying of plants,
upward trend of around 0.4 days/year. forincomplete pouring of grain or the formation
areas with an altitude of up to 1,000 m. Inof productive organsand, ultimately, in lower
2024, the average number of hot days imand unstable yields. The observed trends
Northern Bulgaria is 58, and the maximum ofhighlight the need to adapt agrotechnical
93 days was reached in thetyciof Sofia. practices and breeding approaches to
Ruse: These data testify to the stable retentiomcreasing climatic variability.

of high temperature values and spatiaRecommendations and measures to reduce the
concentration of extreme events in thenegative consequences of climakange.
northern regions of the country. Over the past four years, accelerating climate
In parallel with the temperature anomalies,change has established itself as a significant
changes in the rainfall regime are alsofactor having a multifaceted impact on global
detected. Although the total annual amount ofgrain production. The increasing frequency
precipitation during the years under reviewand intensity of extreme weather eveiits
varies approximately within +30% of the prolonged droughts, tanse rainfall, heat
climatic norm for the country, their waves and late spring frosts lead to
distribution is highly uneven both by month significant fluctuations and, in many cases, to
and by territory. According to initial datthe a permanent decrease in average yields of
surface water runoff formed on the territory of major cereals.

Bulgaria in 2024 is about 9,000 million cubic Climate instability affects not only production
meters. m3. Compared to the average annualolumes, but also price dynamics in
outflow volumes for the periods 1961990, intermational markets. Reduced or
1971 2000, 19812010 and 19912020, it is unpredictable yields create conditions for
less by about 51%, 44%, 42%nda 47%, increased volatility, including speculative
respectivelyGospodinov, 2025p)]. fluctuations in cereal prices. This volatility is
In addition to the smaller precipitation over carried over the value chainfrom producers
the years, there is also a tendency to increasand traders to processors and final consumers
the intensity and unpredictability of rainfall T driving up food costs and deepening the risk
events, including shoterm torrential rains to food security, especially in countries with
leading to floods, as uleas prolonged dry high dependence on imports this context,
periods. This unevenness in the distribution othe need for a strategic and coordinated
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response is becoming increasingly urgent. Asjorganizing trainings and increasing the
stressed, adaptation to clirmathange requires capacity of farmers. This strand aims to create
a complex and integrated approach that sciencébased basis for decisianaking and

combines agrotechnical, economic, strengthen the adaptive potential of the sector.
institutional and technological measuresThird strand: Legal and institutional
(Stoyanova, 2027)L0]. changes.

A shared and clearly articulated vision The necessary measures include:

between all stakeholders is a key factor for theéJupdating the legal framework in order to
effective implementation of policies and integrate policies to mitigate the impact of
measures aimed at adaptation to climatelimate change and implement adaptation
change. The existence of a common strategisolutions;

framework creates prerequisites for buildingdevelopment of mechanisms for insuring
trust, improving coordination and promoting crops against climateelatedosses;

cooperation between the participants in thelproviding targeted support and
procesgDale, 2020]3]. compensation mechanisms for crops affected
Within the framework of the study, measuresby climate anomalies. These actions are aimed
have been identified in three main areas thaat creating an enabling institutional
can support the adaptation capacity of farmergnvironment supporting the sustainable
to changing climatic conditions. development of agriculture.

First direction: Improvement of production In terms of financialaspects, the costs of
practices in the cultivaion of cereals and implementing the majority of the proposed
oilseeds measures can be defined as low to medium.
The proposed measures include: An exception is made for investments related
Orehabilitation of the existing and to the design, construction and modernization
construction of new hydrmelioration of irrigation systems and related
infrastructure; infrastructure, which guire significant
[Joptimization of the deadlines for carrying financial resources. However, there are
out agrotechnical measures (sowing, plantingppportunities to support them through

treatment); instruments such as the Rural Development
Ointroduction of more thermophilic and Programme, which creates prerequisites for
stressresistant varieties and hybrids; the implementation of strategically important

Oapplication of practices to improve and infrastructure projects.

restore soil structure, increase the content of

organic matter and increase the infiltration CONCLUSIONS

capacity of the soil. These interventioase

aimed at reducing the vulnerability of The increasing intensity and frequency of
production systems and increasing theirclimate change in recent years has had a

resilience to climate extremes. significant impact on grain production, in
Second strand: Development of research, terms of a decrease in average yields, an
innovation and training. increase in price volatility and an increase in
This group includes: risks to food security. Growg climate
[ldevelopment of new crop varieties with uncertainty puts the sector in front of the need
improved adagatbility; for systematic and coordinated action aimed at

Ointroduction of innovative technologies and strengthening its resilience, flexibility and
practices to limit the risk of climate impacts; adaptive capacity.

[Jconducting research to identify and In this context, the implementation of targeted
characterise climate risks, assess the degree aflaptation measures is a strategroongy.
vulnerability and analyse the potential Increasing the ability of farmers to respond
opportunities arising from current and adequately to dynamic climatic conditions
projected climate change; requires an integrated approach encompassing

58



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

technological, organizational and institutional Development of Agricultural Business and Rural
solutions. Areas, pp. 99.08. SofiaPublishing complex UNWE.

. 7]Pleven, O. D., 2025, Report on the activities of the
Although the present study is based o egional Directorate of AgriculturePleven. Ministry

empirical _da’ga fom a specifi_c_region, the of Agriculture and Food:
analysed indicators characterising the statustps://www.mzh.government.bg/odz
structure and main challenges of grainpIeven/Libraries/God_dokIad_2024.sflb.ash)ccessed

production largely reflect trends valid at FS?I%SS%Z (2)028 2023, Report on the activities of the
nat'onal_ level as well. This fallows the Regional Directorate "Agriculture* Ruse for 2022.
conclusions and recommendations to b&yinistry of Agriculture and Food:

considered as relevamh a broader context https://www.mh.government.bg/odause/Libraries
and applicable in the formation and 2022.sflb.ashx, Accessed on 1502 2026
improvement of the national agricultural [9IRuse, O. DG., 2025, Report on the activities of the
policy aimed at sustainable development ofReglonal Directorate "Agriculture” Ruse. Ministry of

. ) Agriculture and Food:
the grain production sector. https://www.mzh.government.bg/odase/Libraries/
Accessed on 15 02 2026.
ACKNOWLEDGEMENTS [10]Stoyanova, Z., 2022, Environmental and climate

risk management in agricultural holdings in Bulgaria.

. . Innovative development of agricultural business and
We express our gratitude to the Ministry of rural areas, pp. 122. Sofia: UNWE Publishing

Agriculture and Food and the regional complex.

directorates of agriculture of Ruse, Pleven anglii]varamezov, L. P., 2025, Innovation and

Veliko Tarnovo regions for the information sustainable development of European small and

provided to us. mediumsized enterprises in t'he Wood\{vork_lng industry.
Wood for the future: integrating sustainability between
industies 2025, pp. 29301, Ohrid: WoodEMA.

REFERENCES [12]Veliko Tarnovo, O., 2025, Report on the activities
of the Regional Directorate "Agriculturel’ Veliko

[1]Agriculture, V., 2024, Report on the activities of the Tarnovo in 2024, Ministry of Agriculture and Food:

Regional Directorate "Agriculture? Veliko Tarnovo  https://www.mzh.government.bg/odz

in 2023, Ministry of Agriculture and Food: vtarnovo/LibrariesAccessed on 15 02 2026.

www.mzh.government.bg/oei#arnovo/Libraries/ [13]Yordanova, E. G., 2025, The impact of climate

Reports/Annual_Report DHS VT _2023.sflb.ashx, change on the state and structure of grain production in

Accessed on 15 02 2026 Veliko Tarnovo region. Agribusiness and Rural Areas

[2]JAtanasova, T. T., 2021, The need for changes inEconomy,Innovation and Growth, pp. 24228. Varna:

Bulgarian  agricultural ~ production.  Innovative "Science and Economics" University of Economiics

developmentof agricultural business and rural areas, Varna. Publishing house.

pp. 6379. Sofia: Publishing CompléxUNWE.

[3]Dale, N. J., 2020, National Strategy for Adaptation

to Climate Change and Action Plan. Ministry of

Environment and Water:

www.moew.government.bg/static/media/ups/articles/att

achments/Strategy%20and%20Action%20Plan%20

%20Full%20Report%20

BGcd6d12eb7bc7294e29ac9eed762fd2d8.pdf.pdf

Accessed on 15 02 2026.

[4]Ghilencea, M:P., Arghiroiu, G.A., Beciu, S., 2025,

Agricultural yields and climate change: How Romania

is happening. Scientific Papers Series "Management,

Economic Engineering in Agriculture and Rural

Development", Vol.25(2), 345352.

[5]Gospodinoy l. B., 2025, Annual

Hydrometeorological Bulletin for 2024 year. National

Institute  of  Meteorology  and Hydrology:

https://bulletins.cfd.meteo.bg/bull/Godishen_buletin_N

IMH_2024.pdf Accessed on 15 02 2026.

[6]Peneva, M., 2021, Strategies and innovations to

promote the flexibility of the agricultural production

system in northeastern Bulgaria. Innovative

59


http://www.moew.government.bg/static/media/ups/articles/attachments/Strategy%20and%20Action%20Plan%20-%20Full%20Report%20-BGcd6d12eb7bc7294e29ac9ee4762fd2d8.pdf.pdf
http://www.moew.government.bg/static/media/ups/articles/attachments/Strategy%20and%20Action%20Plan%20-%20Full%20Report%20-BGcd6d12eb7bc7294e29ac9ee4762fd2d8.pdf.pdf
http://www.moew.government.bg/static/media/ups/articles/attachments/Strategy%20and%20Action%20Plan%20-%20Full%20Report%20-BGcd6d12eb7bc7294e29ac9ee4762fd2d8.pdf.pdf
http://www.moew.government.bg/static/media/ups/articles/attachments/Strategy%20and%20Action%20Plan%20-%20Full%20Report%20-BGcd6d12eb7bc7294e29ac9ee4762fd2d8.pdf.pdf
https://bulletins.cfd.meteo.bg/bull/Godishen_buletin_NIMH_2024.pdf
https://bulletins.cfd.meteo.bg/bull/Godishen_buletin_NIMH_2024.pdf
https://www.mzh.government.bg/odz-pleven/Libraries/God_doklad_2024.sflb.ashx
https://www.mzh.government.bg/odz-pleven/Libraries/God_doklad_2024.sflb.ashx
https://www.mzh.government.bg/odz-ruse/Libraries/
https://www.mzh.government.bg/odz-vtarnovo/Libraries
https://www.mzh.government.bg/odz-vtarnovo/Libraries

Scientific Papers Seriedlanagement, Ecolmmic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

60



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

THE BULGARIAN COOPERATIVE MODEL: ECONOMIC, SOCIAL AND
GOVERNANCE DIMENSIONS

Todorka ATANASSOVA, Ivanka STOYCHEVA, Zlatina DIMOVA

Trakia University, Studentski grad, Stara Zagora, Bulgafanails. tatanassova@abv.bg
ivanka.zhekova@trakiani.bg zndzdravem81025@abv.bg

Corresponding authortatanassova@abv.bg
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 rolef@perating cooperatives for employment and regional development in the country is analyzed,
and the features of cooperative management based on cooperative principles are exawoigdariness in
establishment, equality of members, democracy in makemgagement 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 governandbeirconditions 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 facig 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 being of local communities and society as a
whole.
A cooperative is a voluntarily establishedIn modern conditions, the cooperative sector
association of individuals whose purpose is tdfaces a numbreof systemic challenges that
cary out economic activity that protects the call into question its longerm sustainability.
economic and social interests of its membersAccording to Chaddad & Cook (2004),
According to classical definitions in Theuvsen & Ebneth (2005), Valentinov
cooperative theory [220], cooperatives are (2007), the processes of demographic decline
based on the principles of voluntariness,in rural areas, limited access to investment
democratic governance and equalresources, aswell as the increasing
participation of members in economic competition in the market environment stand
activity. According to (Birchall andKetilson,  out [4, 17, 18]. These factors determine the
2009 [3] and (Birchall J. , 2011) [2] need for a targeted state policy and the
cooperatives function both as economiccreation of an adequate regulatory framework
operators and as social institutions that proteathrough which the cooperative model can be
the interests of their members and localintegrated into the national economic
communities. priorities.
In Bulgaria, cooperatives play a particularly Under the current socieconomic conditions,
important role in smaltowns and villaggs the development and support of the
where they are often the main employer anccooperative model can be seen as a strategic
provider of important social services. Theyinvestment with a longerm effect on the
contribute substantially to regional economiceconomic growth and social stability of each
stability and to liming socieeconomic country. As (Novkovic, 2008) [12]
imbalances. The combination of economichighlights, the sustainability of cooperatives is
efficiency and social mission creates aclosely linked to the institutional environment
synergistic effect that helps improve the well and to the political will to maintain this
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specific organizational model. Without an turnover® and "book value of assets". The
objective assessment of the real state ofime interval allows to trace the structural
coopeatives, there is a risk that political changes in the cooperative sectoBlgaria
decisions will remain formal and will not and to identify trends in its development.
contribute to increasing their sustainability. = Methodological approach to categorization
Therefore, an #kdepth analysis of the of cooperatives

economic scale and financial situation ofThe classification of enterprises according to
cooperatives is essential to assess thetheir economic size is a widely used analytical
sushinability and longerm development tool in economic research and in business
potential. The financial independence andpractice. Such typology allows for the
economic magnitudeof the cooperative are systematization of economic entities into
key determinants of its ability to realize both relatively homogeneous groups and creates
its economic goals and its social mission. prerequisites for a more -tepth analysis of
The aim of the research is to analyze theaheir economic significance, structure and
Bulgarian cooperative model as a specificcontribution to the national economy.
organizational form, combining economic Accordng to the established practice of the
activity with social responsibility and EU and international statistical organisations,
functioning on the principle of democratic the differentiation of enterprises by size is key
governance in the conditions of modernto the design and implementation of policies

challenges. to promote entrepreneurship, competitiveness
To achieve the set goal, the followingsks and sustainable economic demment [5,
are solved: 13].

(i) To develop a methodological framework Within the EU, the generally accepted
for the study based on criteria that wouldmethodology for classifying enterprises is
group cooperatives by size of economicregulated in Recommendation 2003/361/EC

activity. of the European Commission. It groups fion
(i) Operating cooperatives in Bulgaria shouldfinancial enterprises by size into micro, small
be grouped by basic economic indicators. and mediurrsized. Leading deria for

(i) To characterize the structure, dynamicsdetermining size are: (1) number of
and features of the development ofemployees in the enterprise; (2) annual
cooperatives in Bulgaria. turnover and (3) book value of assets. This
(iv) To outline the social and managerial methodological framework is widely applied
aspects of Bulgarian cooperatives in the facéoth in statistical surveys and in European and
of contemporary challenges. national enterprise support progrs [5, 7, 8].

The object of the study are the registerad In Bulgarian legislation, these criteria are
operating cooperatives in Bulgaria, whichimplemented through the provisions of the
carry out economic activity in accordanceSmall and Mediunsized Enterprises Act
with the Cooperatives Act and the (SME) [15], which defines the conditions for
Accountancy Act. categorization of economic entities according
The subject of the study is the classification ofto their economic size. e classification of
these cooperatives by economic sizegenterprises by size is also important in the
according to the establishedriteria for analysis of the cooperative sector, as it allows
distinguishing enterprises into micro, small, to assess its structure, economic concentration
medium and large. and degree of participation in economic
The informationfor the analysis is based on activity.

empirical data obtained from the Ciela NormaOne of the main and mandatory indicators in
information system in 2023The time scope this categorisation isthe average annual
of the survey covers the period 262823 in  number of employegsvhich serves as a key
terms of the indicator "employed personnelindicator of the scale of the economic activity
in the cooperatives and the period 221, of the enterprise, respectively of the
concerning the financial indicators "annual cooperative. In combinatigrthefirst with the
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other two financial indicatorsi annual of basic quantitative indicators, namely:
turnover and carrying amount of assets number of employed persons, annual turnover
makes it possible to determine more and value of assets (Table 1).

objectively the economic size of the analyzedAnalysis by indicator number of employees
economic  entities. Cooperatives are The analysis of the data on the average
traditionally considered as a specific number of staff during the 1@ear period
organizational form of economic activity, under review shows that on average annually
which conbines economic with social goals. about 61.1% of active cooperatives have
For this reason, the analysis of their structureemployees. In 38.9% of the cooperatives in
by economic size provides valuablethe country, no data on employed personnel
information on the degree of economicwerereported. This means that they carry out
concentration in the sector, as well as on theheir activities with minimal staff or through
potential of cooperatives to actively personal participation of the cooperative
participate inregional economic development. members without an employment contract.
Such a categorization also reveals the role ofhis confirms the results established by the
cooperatives in the formation of employment,study by Atanasov&alaydzhieva (2025)1],

the generation of economic value and theaccording to which the dominant part of
development of local economies in thecooperatives in Bulgaria are microenterprises
country. with limited human resources, which limits
In this context, the application of the their potential for investment and innovation.
estdlished criteria for the size of enterprisesThe distribution of the 818 active
under the SME Act micro-, small, medium cooperatives according to the criterioof
and large’ to cooperative structures allows to average annual number of staff reveals a
formulate reasonable conclusions about theisignificant predominance of the smallest
role in the national economy (Table 1). structures. About threguarters of them fall
into the category of micrenterprises with up

to 10 employees, which in relative terms
represents 74.5% (00 units). Ths sustained

Table 1. SMEAct Criteria in Bulgaia, applied to the
Classification of Cooperatives legonomicsize

Source:Low on Small and MediurSized Enterprises, 1999,
State Gazette No 84 of 24 Septemb@99 (last amended and

supplemented SG No 43 of 27 May 202%1] [17], SME
Act and own summary [15].

RESULTS AND DISCUSSIONS

Economic

dimensions

cooperatives

This study examines the economic dimension
of Bulgarian cooperatives through analysis

of

Bulgarian

50 i

|| Average Annual Value of dominance of micra@ooperatives throughout
Cooperatio ||\ o ;”movef f hassets f the period is an indicator of a specific
N category || of giaff || (thousans ofj (thousans of| o 15 ment  model in - which  economic
euros euros . - e
_ sustainability often depends on the individual
Micro- — jlessthefl ;5000 upto2,000| contribution of individual members and on the
enterprises 10 o L
flexibility of the organisationa structure,
small | 1550 ||2,00010,000|2,000 10,000  which is also noted as a characteristic feature
enterprises . .
. of the socieeconomic nature of the
g’i'fg('j“m' sqi 250 || 10,000 10,000 cooperative sector.
enterprises 50,000 43,000 After micro-cooperatives, the largest group of
Large cooperatives with employees between 10 and
enterprises || °V&r 25| over50,000) over 43,000 50 people turned out to be the largest. These

are smalsized cooperative structures that
operate and sell products on local markets.
They perform locally oriented smeconomic
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
mediumsized enterprisesvith employees of
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 fodecline was in the group of small cooperatives
the period or their relative share is extremely(10i 50 employees) from 769 units in 2005
low and is 0.1%. to 412 in 2023, which represertsiecrease of
The main conclusion from the analysis of the46.4%. Similarly, the average cooperatives
average annual number of employees irwith 50/250 employees decreased from 153
cooperatives in Bulgaria is that their activitiesto only 16 employees, i.e. there was a
are highly concentrated in the miero decrease of 89.5%. The category of large
entrepreneurial segment. Less than 3% of alkkooperatives (with more than 250 employees)
existing cooperatives have the capacity towas low in number at the beginniraj the
operate as medium or large enterprisespbserved period, and the subsequent decrease
reflecting a pronounced fragmentation andof 75% confirms the almost complete

limiting their economic weight, disappearance of these structures from the
competitiveness and opportunities to achieveooperative sector. Overall, the data on the
economies of scale in the long term. criterion "average number of staff" outline a

steady trend towards strong pdation in
favor of micrecooperatives 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

3000

r
o
=
[=]

o
=
=
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of larger cooperatives, mergers, transitions to
other legal and oanizational 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 fong
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poaamamas s s s s s model in the face ofongoing economic
<10 W(1050] B{50250] W>250 pressures. This negative dynamics of labor

Fig.1. Distribution of cooperatives in Bulgaria resources ,'S gssomated with a .contrgc.tlon In
according to the average annual staff for the periodn€ Vam? indicators _Of economic activity of

20052023 cooperatives. The significant fragmentation,
SourceThe Ciela Normg[16]. with the predominance of micimoperatives

. e e . over other groug, is an indicator of structural
This characteristic distribution of cooperative challenges described by other authors. In a

organizations is a direct result of the profoundstudy by(Sarov, 2025) [14]it is emphasized
transformation that the sector has undergong, Bulgarian’ cooperatives, under the

over the past two decadg®l]. To establish ;. f.0nce  of market conditions and the

the main trends in its development, it iSi giitytional requirements of the Common

necessary to track the changes in the selectégly o iwural  Rolicy, demonstrate limited
indicators over time. The dynamic analysis Ofcapacity for growth and adaptation.

the number of operating cooperativeserms |, order to find an explanation of the existing

of employees showsnaoutlinedrestructuring  treng an assessment of cooperative structures
in the period 2002023, with a pronounced according to the second and third

increase in the share of microenterprises aggification criteria follows, namely their
Micro-cooperatives are the only category thatcompliance with poe of the financial
shows an increasie from 1,891 cooperatives yqq irements for annual turnover or value of
in 2005 to 2,389 in 2023. This is an INCreaseygsets  which is key to determining their

of 498 cooperatives for the period or & growthy et sustainability and growth potential.
of 26.3%. This growth is observed in parallel Analysis by annual turnover indicator

with a decrease in the number of cooperativeg,, analysis of Bulgarian cooperatives
in the other categories. The most S'gn'f'camaccording to the criterion "annual turnover"
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for the period 2002021 shows a strong of scale. Despite economic congsiisi
concentration in the microooperatives cooperatives continue to play an important
segment, which highlights the limited sociceconomic role, providing employment,
economic scale of the sector. A predominansupporting local communities and supporting
part of tre cooperative organizatiorisover  social cohesion.

2,766 units or 98.2% of the observed onedAsset value analysis

generate an annual turnover of up to EUR ZThe analysis continues with a grouping of
million. euros. This confirms that a significant cooperatives according to the balanceeshe
part of the cooperatives in Bulgaria operatevalue of assets. This establishes the degree of
with minimal operational capacity and low collateralization of cooperatives with fixed
intensity of commercial activity, while their assets and their relationship with the number
financial structure remains homogeneous imf employed personnel and the annual
terms of unsustainability. turnover The analysis for the period 2005
Even cooperatives with larger staff often fail 2021 shows that the dominance of
to generate higher revenues, indicating lowmicrostructures is also durable in terms of
labor productivity and highlighting problems assets, reflecting their limited property scale.
in the efficient use of human capital. A small Similar studies on the capital structure and
part of the cooperatives only 49 units or limited scale of cooperative organizations are
1.7% 1 exceed the threshold of 2 million confirmed by international studies that focus
euros per year turnover, remaining in theon financial fragmentatiomnd challenges to
category of small enterprises with a turnoverthe growth of cooperatives in the context of
of up to 10 million euro and mediusized  competitive markets [9, 189]

enterprises with a turnover of up to 50 million Of the 2818 monitored cooperatives for the
euro are extremely smadllonly 3 units, which study period, an average of,736 units

is only 0.1% of the total. A similar trend for (97.1%) have assets of up 2omillion euros,
limited financial scale has been observed inwhich classifies them as micentrepreneurial
other European studies, which show thatentities. Cooperatives with assets between
agricultural cooperativesni particular often EUR 2 million and 10 millionare only 77
operate with minimal resources and limitedunits (2.7%) and mediurrsized cooperatives
market potential [6, 10]. have assets of EUR 10 million to 43 million
In a dynamic aspect, there is a weak trencind are even less 4 units or 0.1%. The
towards an increase in turnover in some of th@resence of only one coap#ive with assets
cooperative$ in 2021 There isa decrease of of more than EUR 43 milliothroughout the
3.4% in micrecooperatives witla turnover of  period,provesthe almost complete absence of
up to EUR 2 million compensated by the large cooperative structures at the national
increase in the number of cooperatives in thdevel. The conclusion is that cooperatives
next category of2-10 million euros. This function mainly as micr@nterprises not only
indicates some progress in the markein terms ofthe number of staff, but also in
positions of certain cooperatives and createserms of financial indicators. Similar
prerequisites for the trangih to larger groups conclusions are found in the studies of
of cooperatives. However, most of them(lliopoulos, 2012) [10] on agricultural
remain permanently positioned as micro cooperatives in neighbouring Greece, i.e.
cooperatives, confirming the persistentthere are similar characteristics for
structural disproportion and limited potential cooperatives in the twoountries.

for economic autonomy. The dynamic analysis shows a slight but
Persistently low turnover poses challenges tgositive trend towards an increase in the
the competitiveness and lotgrm viability of  capital base: the relative share of the smallest
cooperatives. Limited financial capacity cooperatives decreased by 5.3%, while the
reduces their ability to make a meaningfulshare of entities with assets between 2 million
contribution to GDP and job creation, while and 10 million eurs is increasing. This
limiting their potential to achieve economies suggests that some cooperatives manage to
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accumulate minimal capital and move up tothe personal contribution of the members not
the next category, demonstrating initial only ensures the dap-day functioning of the
processes of vertical mobility and potential fororganization, but also forms social
structural transformation. commitment and a sense of community. This
The group of small cooperatives incsed is in line with the resultsof research by
significantly during the period under review, (Valentinov, 2007)and (lliopoulos, 2012)
and by the end of 2021 their number was 5.§18, 10] which point out that the active
times higher than at the beginning. The mosparticipation of members strengthens
dynamic growth was observed between 200&ollective identity and helps to overcome the
and 2012, followed by a period of some limitations of small scale. Through voluntary
slowdown. The latest data from 20210y a work, participation in geernance and joint
recovery and acceleration of the positivedecisionmaking, cooperatives develop social
trend, which indicates that cooperatives arenetworks and mutual aid practices that
gradually strengthening their capital potentialstrengthen them.

and preparing the basis for future structuralThe socieeconomic nature of cooperatives is

diversification. capable of balancing economic efficiency
Social Dimensions of Bulgarian with the social mission. Microooperatives
Cooperatives and snall cooperatives often operate with

The Bubarian cooperative model is limited financial resources, but manage to
distinguished by a pronouncedcial mission  keep members employed and provide services
and solidarity, which underlies the that have a significant social impact. This
functioning of these organisations. nature is not only a matter of economic
Cooperatives do not focus solely on profit, butresilience, but also of the ability to adapt to
provide employment and social protection forspecific market niches and social needs.

their ~members, while ensuring the The main conclusion about the social
development of local communities. This dimensions of Bulgarian cooperatives is that
social aspect is manifested through variougshese organizations are not just economic
forms of support, including employment entities, but key carriers of social stability,
provision, participation in educational and local development and collective engagement.
professional initiatives, as well as throughThis symbiosis between social mission and
collective decisions for &air distribution of economic  activity  distinguishes  the
resources. In this way, cooperatives functioncooperative model and makes it an
as a mechanism for social stability and a tooindispensable element of the Bulgarian secio
to reduce social inequalities. economic structure.

The impact on local development is anotheManagerial dimensions of Bulgarian
key aspect of the cooperative model incooperatives

Bulgaria. Especially in pgvheral and The Bulgarian cooperative model is also
underdeveloped regions, cooperatives provideharacterized by a unique combination of
access to resources, services and markets thedcial mission and democratic governance,
would otherwise be inaccessible towhich distinguishes cooperatives from other
smallholder farmers. They boost the localeconomic entities (Tabl@). The social and
economy by purchasing goods and servicesnanagerial dimensions of these organizations
from local suppliers, creating jobsand are mutually reinforcing. The management of
supporting social programs. In this senseBulgarian cooperatives is determined by their
cooperatives play the role of a "local engine”"small scale and flexibility. In micro
for economic and social development,cooperatives, in contrast to medium and larger
combining economic goals with public cooperatives, there is a simplified
benefit. organizational model, adapted to local
Membership and participation of cooperativecondiions. Their limited capital resources and
members constitute an essentdahension of low turnover hinder the implementation of
the social fabric. In Bulgarian cooperatives,
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innovations and modern managementconstraints. To achieve lorigrm
practices. sugainability of the cooperative sector, it is
The lack of financial resources, especially fornecessary to combine the social mission with
small cooperatives, limits their access tomodern management practices and strategic
technology, expert management amdders investments, supported by a targeted state and
their participation in national and Europeaninstitutional policy.
markets. The analysis and data presented in Table 1
characterizethe relationships between the

Table 2. Economic, Social and Managerial gconomic, social and governance parameters

Characteristics of Bulgarian Cooperatives for the

eriod 20052021

Source: Own Research 2025

Therefore, for them, from the point of view of
resource optimization,

it is necessary to

of cooperative models in Bulgaria. The results

. . obtained allow for the formulation of
Cooperati || Average|| Annual || Book || Share Main . . .
on number ||turnover || value || of total ecqnomic, gUIde“neS for their future deve|0pment-
catenang) (foisiaiiy NN ENCTN [Iumben BEsCEElant Some Bulgarian cooperatives development
assety| (%) governance . .
(u features gUIdE‘“!’]eS_ . .
T The distribution of cooperatives and the
2 economic scall  dynamics of their economic size allow the
85 |uptoro|up 1o 3up o Forioe nigh socialolel  following  guidelines  for  their  future
58 - ) 10 412
S g millon —lmillion % invovement, | development to be formulated:
) adaptability t P :
local riches uinstitutional strengthening and
Modorate consolidation:
3 economic Cooperatives should seek opportunities for
T = " X ) activity, . . . X -
E5 |uwso |10 |10 12T oo g horizontal andvertical aggregation, including
"2 clus_ter:ng an| through clustering on a territorial or sectoral
(5] vertical H H H H H
mobility basis, in order to overcome the limitations of
. the microstructural model. Consolidation
2. number, thel would allow for economies of scale,
N @ require targete imi i icti i
7 3 o |loas investmente ar|  CPtiMisation of Ioglsths costs, Ipvyer delivery
E S |50i250 ||~ 2 *° 11019 ||management || prices through collective bargaining, as well
=R million  {|million for economi T A <
St and as joint access to specialized equipment and
= technological innovation.
transformation o argeted investment support:
Theyareaimd - State and European policies should stimulate
[%] « « . « .
8 national levell iNvestment activity and the implementation of
& ackorscale®dl jnnovative management and  production
£ |lover250|[2ver SYOVE! 401 96 [influence, higlf models in those cooperatives that reach a
o dependence 4 critical threshold for moving t high
o the socig g to a higher
LS mission an{ category. Targeted support can accelerate
V”v‘gr’l‘(‘be“h'p vertical mobility, turning micrecooperatives

into sustainable small and meditsized
enterprises.
adncreasing economic power ancharket

power:

achieve horizontal and vertical unification The lack of large cooperative structures limits
through clustering on a geographical orthe ability of cooperatives to participate
sectoral basis. Some of the larger cooperativegqually in largescale trade operations and
are able to gradually implement new Sustainable market channels. The
technologies and management practicesgstablishment of national and regional
strengthening their capital base and achievingooperative clusters and platfornisr joint
vertical mobility. This allows them to increase realisation could strengthen their market
their market share and move to higherpresence and increase competitiveness.
categories of enterprises, despite structural wAttracting highly qualified specialists:
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Limited economic scale hinders access tacompeitiveness and lack of resources for
expertise, which  slows down the technological renewal.

implementation of modern business modelsDespite indications of gradual capital
and techological innovations. The solution consolidation, cooperative structures have
includes the creation of centers for sharedargely lost their role as major employers and
expert services to provide small cooperativesignificant economic actors at national level.
with access to professional management an@hey operate primdyi as small, local
technological solutions through optimization economic units and not as large enterprises

and cost allocation. with the potential for a significant
aincreasing competitieness and macroeconomic effect. Limited staff, low
sustainability.: turnover and modest capital base call into

For longterm sustainability, cooperatives question the market profitability and
need to develop partnerships with scientificcompetitive sustainability of thes
and academic institutions, which would organizations.

support knowledge transfer, the The viability of cooperatives in Bulgaria is
implementation of innovative managementdue not to traditional market efficiency, but to
models and modern organizatal practices. the specific nature of the cooperative model,
This strengthens the economic and social rolén which the social mission and personal labor
of cooperatives, but the effectiveness dependsontribution go beyond purely economic
on the institutional will to overcome the indicators. B ensuring economic
structural fragmentation and technologicalsustainability and social solidarity,
backwardness of small cooperative forms.  cooperatives provide security to their
These priorities outtie the strategic directions members and maintain their labor potential.
for the development of Bulgarian cooperativesLast but not least, cooperatives play a key
in the conditions of the single Europeanrole in supporting local communities,
market, while emphasizing the need for aproviding access to resourcegnsces and
targeted institutional and investment policy tomarkets in peripheral and underdeveloped

overcome the limitations of the areas where the interest of traditional
microstructural mode commercial enterprises is limited. It is these

functions that define cooperatives as subjects
CONCLUSIONS of socially oriented entrepreneurship, whose

sustainable developmentequires targeted
The analysis clearly shows that cooperativestate policy and institutional support.
in Bulgaria are characterized by high A thorough knowledge of the economic
structural fragmentation and a predominantprofile of cooperatives should provoke
share of micreenterprises with limited adequate state interventions aimed at
investment potential and minimal capital basestrengthening their economic power. Strategic
The majority of organizations fall into the investments and targeted policies ardical
category of micreentitiesi with a staff of up to ensuring the lontgerm viability of this
to 10 peoplei while at the same time not specific socieeconomic model in Bulgaria. In
exceeding the financial threshold of EUR 2this context, state support is not just an
million for annual turnover and book value of alternative, but a condition for the survival of
assets. cooperatives. Urgent political will is needed
Small cooperatives, with a staff of beevel0 to preserve, promet and develop the
and 50 people, although significant ineconomic potential of cooperatives as an
number, also demonstrate weak economidrreplaceable pillar of the social economy in
dynamics, limited turnover and modest capitalthe country.
capacity. Medium and large cooperatives
remain barely perceptible in the aggregate ACKNOWLEDGEMENTS
which is explained by their limited
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Abstract

Food insecurity remains one of the most persistent challenges-i8&havan Africa, despite the commitments made
globally through the 2030 Agenda for Sustainable Development, in particular through SB&@ 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 theehocratic 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 192024 with the @bal Hunger Index (GHI) and its components for the
reference years 2000, 2008, 2016, and 2025. Using a compadasegiptive approach, economic developments

and the four dimensions of food insecurity are examined in parallel: population undernutitithyasting, 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 ®curity 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 progmasard SDG 2: Zero Hunger

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

INTRODUCTION 2025, the global hunger reduction trajectory
has slowed significantly, and some countries
Achieving Sustainable Development Goal 2have seen increases in undernutrition and
(SDG 27 Zero Hunger) remains one of the other forms of child malnutrition (Global
mostdifficult global challenges, even though Hunger Index, 2025; Headey and Fan, 2010;
many developing regions have recordedHLPE, 2020 [4, 5, 6]. This ontext raises a
significant economic growth in the last threefundamental question: to what extent is
decades (United Nations, 2015; FAO et al..economic growth translating into measurable
2023) [15, 2]. improvements in food security?
In this context, Sulbaharan Africa continues Gross Domestic Product per capita
to stand out for its highelels of food (GDP/capita) is frequently used as a synthetic
insecurity, and the most recent data suggeshdicator of average income level and
not only a slowdown in progress, but even astandad of living (World Bank, 2024; Our
regression in some countries after 2016 (FAOWorld in Data, 2025; Ritchie, 202319, 10,
2023; FAO, IFAD, UNICEF, WFP, WHO, 12].It represents the total value of final goods
2023; World Food Programme, 2023) [2, 3,and services produced in an economy, per
21]. According to the Global Hger Index capita, expressed in constant international
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dollars to adjust for the effects of lafion and  population, child wasting, child stunting, and
differences in purchasing power betweenunderfive mortality. The index is presented
countries. By its nature, GDP per capitaon a scale from 0 to 100, where higher values
allows for the comparison of economic indicate more severe levels of hunger. GHI
performance over time and space and iscores are calculated using myldar
considered a relevant tool for the analysis ofaverages of # underlying indicators to
economic developments and living stamar ensure comparability across countries and
(Maxwell and Wiebe, 1999; Our World in over time (Global Hunger Index, 2025) [4].
Data, 2025) [9, 10]. Although, at a theoreticalNigeria and DR Congo are relevant case
level, economic growth is associated withstudies for investigating the relationship
improving the standard of living of the between economic growth and food
population, the concrete way in which it insecurity. Both countries arrich in natural
influences access to food, income distribmit resources and have experienced periods of
or the organization of food systems remainsconomic growth since 2000. Nigeria is one
difficult to capture and deeply unequal of the largest economies in Africa, while DR
(PinstrupAndersen, 2009; Smith & Haddad, Congo has significant agricultural and mineral
2015) [11, 13]. The specialized literature potential. However, both countries are
constantly emphasizes the fact that economiclassified, accordingto GHI 2025, in the
development does not automaticallynskate A ser i ous o or fAalarmingo c
into increased food security, and thehunger levels (Global Hunger Index, 2025)
manifestations of this relationship vary [4]. This apparent contradiction between
considerably depending on the national andnacroeconomic  performance and the
regional context. persistence of food insecurity justifies the
Structural factors such as armed conflictsproposed comparative analy.

institutional  fragility, the exposure of While the relationship between economic
agricultural systems tcclimate shocks or growth and food security has been widely
unequal income distribution can decisivelydiscussed in the literature, comparatively
influence the extent to which the benefits offewer studies examine the lotgrm
economic growth are felt at the populationdynamics between macroeconomic
level. In this framework, the comparative performance and multidimensional hunger
analysis of Nigeria and the Democraticindicators using stadardized international
Republic of the Congo als an empirical metrics such as the GHI. Although the
investigation of the relationship between literature shows that economic growth does
economic dynamics and the evolution of foodnot automatically lead to improved food
security in a context marked by persistentsecurity, the concrete manifestation of this
structural vulnerabilities. relationship differs considerably across
At the same time, the Global Hunger Indexcountries and regions. BulbSaharan Africa,
(GHI) offers a multidimensional assesste there is still a relatively limited number of
of the phenomenon, based on fourcomparative analyses that simultaneously
standardized indicators: population examine the dynamics of economic growth
malnutrition, child wasting, child stunting and and the evolution of multidimensional hunger
infant mortality. These indicators capture bothindicators over the long term.

caloric insufficiency and acute and chronicThe central objective of thistwgly is to
forms of malnutrition and their consequencesexamine the dynamics GDP per capita and the
on child survivalGlobal Hunger Index, 2025; evolution of hunger indicators in Nigeria and
Maxwell, 1996)[4, 8]. DR Congo over the period 2002025.
GHI is a composite indicator designed toWithout assuming a direct causal relationship,
measure the severity of hunger at nationalthe analysis seeks to identify the extent to
regional, and global levels. It combines fourwhich increases in averageonomic output
dimensions of food deprivation: the per person have been accompanied by
prevalence of undeourishment in the sustainable reductions in multidimensional
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food insecurity. By combining longitudinal range available in th&/orld Bank database
data on GDP per capita (Our World in Data,for the two countries studied.

2025) [10] with the standardized scores of theFor the analysis of food insecurity, GHI
GHI and their components (@dal Hunger scores for the reference years 2000, 2008,
Index, 2025) [4], the study investigates the2016, and 2025 were used, according to the
existence of patterns of convergenceofficial GHI methodology. These time points
divergence or decoupling between economiallow for the assessment of |obtgm
growth and food security. evolution and the identification of possible
Understanding this relationship is essential forstructural breaks, especially in the p26t6
assessing progress towards SDG 2 and fgperiod.

underpinning policies capable of addressingindicators

the complexity of the relationship betweenThe analysis is based on the following
macroeconomic performance and nutritionalindicators:

outcomes. 1. GDP per capita expressed in constant
international dollars.

MATERIALS AND METHODS 2. Total GHI score expresed on a numerical
scale where higher valugasdicate a more

Data sources severe level of hunger.

The analysis uses two main sources of3. Population malnutrition(% of population).

secondary data. 4. Wasting in children under %%).

Food insecurity indicatorsvere taken from 5. Growth retardation in children under 5
GHI 2025 (Global Hunger Index, 202%}]. (%).

The Global Hunger Index (GHI) valuewe 6. Mortality of children under 5%).

calculated based on a standardizedSHI indicators allow for a multidimensional
methodology, which integrates four essentialassessment of food insecurity, while GDP per
indicators: the prevalence of undernutritioncapita provides a synthetic measure of average
among the population (expredseas a economic performance.

percentage), child wasting, child stunting, andAnalytical approach

underfive mortality. This methodological The methodology used is descriptive
approach allows for international comparisonscomparative and longitudinal.

for the reference years 2000, 2008, 2016, and@he analysisncluded:

2025, with each score calculated based on comparing the evolution of GHI scores
corresponding muhyear average intervals between 2000 and 2025;

(Global Hunger Index, 2025¢]. To avoid - analysis of absolute and percentage changes
methodological bias, the analysis uses onlyfor the intervals 2002016, 20162025 and
these four standardized time points. 2000 2025;

Data on economic performance were taken separate assessment of the evolution of each
through the Our World in Data platform, from GHI component;

the World Bank database, (OWorld in - analysis of GDP pecapita dynamics in the
Data, 2025)[10]. The indicator used is GDP period 19902024;

per capita, expressed in constant international calculating the percentage changes in GDP
dollars, adjusted for inflation and differencesfor the periods 200@2016, 20162024, and

in purchasing power between countries. GDFP200Q 2024.

per capita represents the total value of finalTo highlight the relationship between
goods and serviseproduced in an economy economic dynamics and the evolution of food
in a year, reported to the population, being ansecurity, a comparative analysistemporal
synthetic indicator of average economictrajectories was used, without assuming the
output per person. existence of a direct causal relationship. The
Period analysed approach allows the identification of patterns
For economic dynamics, the period analyzedf convergence, divergence or decoupling
is 199G 2024, representing the completebetween economigrowth and the level of
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hunger. All percentage calculations were the formula (Lovric, 2025[7]:
performed using the formula (Lovric, 2025)

. _ Valug
[7]: Index, = e X100 (2).
_ Valuegppg—Valuey iy . i .
WA= ey <100 e (D). This transformation allows for comparison of

the relative pace of change between indicators
The data has been processed and organizébat are expressed in different units.
into tables and graphical representations to
facilitate comparative analysis between DRRESULTS AND DISCUSSIONS
Congo and Nigeria.
To facilitate the comparison of the evolution Evolution of GDP per capita(1990 2024)
of economic and food insecurity indicators, The dynamics of GDP per capita in Nigeria
GDP per capita and GHI score were alsoand DR Congo over the period 192024
expressed in index form, using the year 2000highlight distinct economic trajectories in
as the base year (2000 = 100). The vafoes terms of both the level and pace of growth
subsequent years were calculatedaading to  (Table 1).

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

Country DR Congo Nigeria ountry DR Congo Nigeria
Yeal Year
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 valuebased on World Bank projections
Source: World Bank, 20220].

In the case of Nigeria, GDP per capita washere has been a gradual increase, with GDP
5,423.81 constant international dollars inper capita reaching 1,433.22 in 2015, 1,388.80
1990, decreased to 4,889.00 in 2000 andh 2016, and 1,602.08 in 2024. For the period
subsequently increased steadily to a maximun200Q 2016, the increase was 41.49%, and for
of 8,892.06 in 2015.n 2016, the indicator 2016 2024, it was 15.36%. Overall, between
recorded a value of 8,534.69, and in 2024 2000 and 2024, GDP per capita increased by
reached 7,994.22. Thus, for the period 2000 63.23%.

2016, GDP per capita in Nigeria increased byComparatively, although the absolute level of
74.56%, while for the period 2018024 there GDP per capita in Nigeria remains
was a decrease of 6.33%. Overall, for thesignificantly higher than in DR Congo, the
period 20002024, the cumulative increase longterm percentage dynamics (202024)
was 63.54%. are relatively close in the two countries
In DR Congo, GDP per capita was 2,403.97 in(63.54% in Nigeria versus 63.23% in DR
1990, but declined sharply to 981.42 in 2000,Congo). Tle structural difference, however,
reflecting the economic and political lies in the base level: in 2024, Nigeria's GDP
instability of the period. Since the 2000s, per capita (7,994.22) is approximately 4.99
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times higher thAn that of DR Congo points, equivalent to an increase of 3.02%.
(1,602.08). The longterm evolution also Overall, between 2000 and 2025, the total
highlights a change of pace after 2016. Whilereduction was 8.60 points, or 18.65%.

DR Congo continued a moderate growth

trend, Nigeria experienceda phase of Table 2. GHI Scores in DR Congo and Nigeria (2000
stagnation and downward adjustment, withou2922)

Year

returning to the peak of 2015 (Figure 1). County 2000 | 2008 | 2016 | 2025

DR Congo 46.1 39.5 36.4 37.5

*gd . Nigeria 38.2 32.3 29.9 32.8
'gmoo - ngﬂrni:gr:ld;r:.lzscs.la-l Source [4]

5
B P00 o e e e e e
]

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 20002016, the absolute reduction was
8.30 points, corresponding to a percentage
| decrease of 21.73%. Over the period 2016
Fig. 1. Dynamics of GDP ;;r capita in DR Congo and2025’ the increase Was_2.90 p_oints, equivalent
Nigeria (19962025) (constant internationddllars) to 9.70%. Qver the ,entlre perIOd Z(D_QOZS’
Source{20]. the cumulative re(_jun:tn was 5.40 points, or
14.14%.Comparatively, both countriesade

In addition, the analysis of the distribution of Significant progress in reducing the severity of
GDP per capita valuefor the period 1990 hunger by 2016, followed by a partial reversal

2024 highlights relevant differences betweer?f the trend between 2016 and 2025.
the two economies. In DR Congo, the mediar 10WeVver, the intensity of the pes016

GDP per capita was 1,342.74 constant€dression is_ more pronounced in Nigeria
international dollars, a value close to the (9:70%) thanin DR Congo (3.02%).

average of the period (1,32840), WhiChAnaIySis of the distribution of GHI scorfer

suggests a relatively balanced distribution ofN® Period 20002025 highlights further
values around the central tendency. In differences between the two countries. In DR

Nigeria, the median was 6,949.43 constanf0Ng0. the median GHI score was 38.50,
international dollars, slightly above the Cl0S€ to the period average (39.88), suggesting
average (6,7580), indicating a distribution a relatively balanced distribution Qf Iu_as

influenced by the lower levels recorded in the@round the central tendency. In Nigeria, the
1990s. The difference between the mean angi€dian was 32.55, very close to the period

the median thus reflects the particularities ofdverage ("_33'3_0)’ indicating a CPmpare?b ly
the economic trajectories of the two states. stable distribution across the four time points

Evolution of the GHI (2000 2025) analyzed (Figure 2).

Evolution of the total GHI score

The analysis of the evolution of GHI score for * e e
the reference years 2000, 2008, 2016 ani “ i

2025 highlights distinct, but at certain stages“
converging, dynamics folNigeria and DR '
Congo (Table 2)iIn DR Congo, the GHI score
was 46.10in 2000, decreasing to 39.50 in
2008 and 36.40 in 2016n 2025, the score =~
increased slightly to 37.50. Thus, for the ~
period 20002016, the absolute reduction was

9.70 points, corresponding to a percentage.. : o
decrease of 21.05%. For the period 2‘016(?35;6 (Ez\goolgtz'gg;f the GHI Score in NigeriadibR
2025, thee was an absolute increase of 1.10source: [4].

bal Hunger Index
IS

Glol

2000 2008 2016 2025
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The developments presented in Figure 2 showignificant improvement in acute malnutrition.
that although the absolute level of foodIn Nigeria, the evolution of the indicator has
insecurity remains higher in DR Congo, bothbeen less stable: it initially decreased from
countries show a similar temporal structure:13.00% to 9.80%, then to 9.10%, but
improvement until 208 and deterioration increased again to 11.60% in 202024.
thereafter. Although, compared td2000, the level in
Analysis of the GHI components 2025 is 10.77% lower, recent trends suggest a
To understand the dynamics of the total GHIreversal of previous progress.
score, it is necessary to analyze the evolutioi€hild Stunting
of the four components that underlie itsin DR Congo, the prevalence of stunting in
calculation: population undernutrition, child children recorded valuesf 46.00% in 2000,
wasting, child stunting, andnderfive child  44.50% in 2008, 42.50% in 2016, and 44.10%
mortality. in 2024. Eve though a slight decrease can be
observed between 2008016, the Ilevel
Table 3. GHI components in DR Congo and Nigeria  remains high in 2024, the total reduction

Country | DR Congo | Nigela | compared to the reference year being only

2000 2002 26.8 8.7 . i .
Undernourishment | __ 2007 2009 277 9.6 4.13%. In Nigeria, the evolution of the
(% of population) 2015 2017 32.3 10.8 indi i i

232004 ot 199 indicator is more favourable, with a decrease

Child wasting (% of | 1298 2002 15.9 13.0 from 41.80% in2000 to 39.30% in 2008,

childrenunder five gg(l)g: ggig 17‘?-34 g:‘i 35.40% in 2016, and 33.80% in 2024.

years old) 20202024 7.2 116 Child mortality _
Child stunting (% of gggg ji.g gég In DR C(_)ngo, infant mortallt_y decreased from
children under five 2016 2 354 15.90% in 2000 to 12.20% in 2008, 9.20% in
years old) 2024 241 338 2016, and 7.30% in 2023. The total reduction
Child mortality (% ;ggg 19 182 is 54.09%, indicating notable progress in

Ogisglggrsug%?r 2016 9.2 125 public health. In Nigeria, the indicator

2023 7.3 10.5 evolved from 18.20% in 2000 to 14.10% in
Source: [4]. 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 lat make up the total GHI

Population undernutrition (% of population)
In DR Congo, the prevalence of
undernutrition increased from 26.80% in 2000

1 ] V) H o |
(00r'02) to 27.70% in 200§07'09), then to score. In both countries, child mortality has

32.30% in 2016 ('1817) and to 38.50% in L :
2025 ('22'24). This evolution corresponds to _recorded significant lorgerm reductions, and

an increase of 43.66% between 2000 and? PR Congo a consistent decrease in wasting

, T ... Is observed. In contrast, the prevalence of
2025, suggesting a significant deterioration " undernutrition in the population has increased
the population's access to sufficient food. In Pop

. .~ considerably over the period analyzed,
the case of Nigria, the level of undernutrition especially after 2016. This divergent evolution
followed an upward trend, from 8.70% in P y : 9

500 0t 1 00 0t i 2010 and e carborent conives o e
19.90% in 2025. Overall, the cumulative 9 9

increase for the period analyzed reache§°°'® and prepares the framework for the

128.74%, indicating a rapid increase in fooolanaIyS|s of the relationship between economic

vulnerabilityin recent years dynamics and food insecurity.
. . ' GDP vs. GHIT The Paradox
Child Wasting

In DR Congo, the child wasting rate has beenComparlng the evolution of gross domestic

steadily decreasing, from 15.90% in 1898 product per capita with the dynamics of GHI
2002 10 10.40% in’ 20@@()1(') continuing scores highlights the existe_nce of an apparent
with 7.30% in 20142018 an’d 7.90% in paradox between economic growth and the

2020 2024. Overall, the reduction betweenggﬁlrlljttr'izg g];]arosg d stiﬁugm m(t}fllgzp twgr
2000 and 2025 is 542%, indicating a yzed. gena, P
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capita increased from 4,889.00 in 2000 toinsecurity also contributes to increased food
7,994.22 in 2024, corresponding to a totalvulnerabilities. Displaced populations often
increase of 63.54%. Similarly, in DR Congo, lose their livelihoods and access to
GDP per capita increased from 981.42 in 200@griculturalland, which increases dependence
to 1,602.08 in 2024, representiag increase on food aid and reduces the ability of
of 63.23%. From a macroeconomic households to ensure their letegm food
perspective, these developments indicate aecurity (Swinnen and Squicciarini, 2012;
significant increase in average economicWorld Food Programme, 202RM4, 21].

output per person in both countries over theAnother important factor is climate shocks

long term (Figure 3). (United Nations Development Programme.
2022; Zhou et al., 2018)[16, 22].

2l o e e Precipitation variability, drought episodes,

pipeit e sk and extreme weather events affect agricultural

2
23

productivity and food availability. In
economies where agriculture plays a major
role in anployment 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
e o reduce the efficiency of the mechanisms
" e “* through which economic growth is
Fig. 3. Indexed evolution of GDP per capita and GHI intransformed into improvements in the well
Nigeria and DR Congo (base year 2000 = 100). Valuespeing of the population (von Braun & Torero,
Ifg\rleslubsequent years are expressed relative to the 20%09) [17]. Unequal income distribution,
Source: [4]. limited access to rural infrastructure and food
price volatility can prevent the benefits of
However, the dynamics of hunger indicatorseconanic growth from being transmitted to
do not reflect a proportional reduction in food vulnerable  households. Therefore,  the
insecurity. In Nigeria, GHI scorelecreased comparative analysis of Nigeria and DR
from 38.20 in 2000 to 29.90 in 2016, Congo suggests that the relationship between
suggesting an improvement in the nutritionaleconomic growth and food security is
situation in the early part of the period undermediated by a complex set of structural
review. Later, in 2025, the score increasedactors. These strtural constraints limit the
again to 32.80, indicating a partial translation of economic growth into consistent
deterioration of previous progressn DR  improvements in food security, even in the
Congo, the GHI score decreased from 46.1@ontext  of  positive ~ macroeconomic
in 2000 to 36.40 in 2016, but then increased télevelopments.
37.50 in 2025. This divergent evolution
suggests that the dynamics of economidCONCLUSIONS
growth are not automatically reflected in
proportional improvements in food seity.  The results of the presented comparative
The Global Hunger Index 2025 reportanalysis carried out in this studiyghlight the
highlights that in both countries armed complex nature of the relationship between
conflicts and political instability continue to economic growth and food security in two of
affect food security by disrupting agricultural the most important economies in S8aharan
production, destroying rural infrastructure andAfrica, Nigeria and DR Congo.
limiting the population's aces to food Although both countries have recorded
resources (World Food Programme, 2023; significant increases in gross domestic
FAO, 2023)[21, 2]. product per capita during the period under
Internal displacement caused by conflict andreview, the evolution of GHI shows that these

= 100)
E
&

Indexed change (2000
] =
E]
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economic advances have not beer2030 for Sustainable Development, especially
accompanied by proportional improvementsin relation to SDG 2 Zero Hunger, which

in food security. aims to end hunger, ensure fosekcurity and

In  Nigeria, GDP per capita increasedimprove nutritional status by 203QUnited
considerably between 2000 and 2024 Nations, 2015; Welthungerhilfe, Concern
reflecting significant longterm economic Worldwide, & Institute for International Law
expansion. However, the evolution of the GHIof Peace and Armed Conflict, 2034}, 18].
score indicates a fluctuating dynamics ofThe limited progress observed in some of the
hunger indicators, with a deterioration of thecomponents of the GHlindicates that
situation after 2016. In the DR Congo, achieving this goal requires more than
although the absolute level of GDP per capitaeconomic expansion. Sustainable reduction of
remains significantly lower than in Nigeria, food insecurity depends on strengthening
the economic growth trend observed in receninstitutions, developing resilient food systems,
decades has not been sufficient to generate and implementing policies that reduce
consistent reduction in food insecurity. In structural vulnerabilities #t limit people's
both cases, the results suggest the existence atcess to adequate food resources.

a partial decoupling betwremacroeconomic Therefore, the comparative analysis of Nigeria
dynamics and the evolution of and DR Congo suggests that the relationship
multidimensional hunger indicators. between economic growth and food security is
A detailed analysis of the components of GHImediated by structural and institutional factors
shows that developments are not uniformthat may limit theransformation of economic
across the different dimensions of foodgrowth into real improvements in the well
insecurity. While indicators such as child being of the population. In this regard, the
mortalty have shown significant study results emphasize the need for
improvements over the long term, otherintegrated approaches to development policies
indicators, in particular the prevalence ofthat combine economic growth strategies with
undernutrition among the population, havemeasures dedated to strengthening food
evolved in a less favourable direction insystems and reducing social and economic
recent years. This heterogeneity confirms thevulnerabilities.

deeply multidimesional nature of food Although the analysis provides relevant
insecurity and underlines the need forinsight into the relationship between
integrated  public policies capable of economic growth and food insecurity in

simultaneously addressing multiple Nigeria and DR Congo, the study also has
dimensions of the phenomenoiMaxwell, some methodogical limitations that need to
1996; Béné et al., 20208, 1]. be considered. First, the analysis relies on a

The results presented in the Global Hungefimited number of reference points for GHI
Index 2025 highlight that food insecurity in scores, which limits the possibility of using
many regions of SuBaharan Africa is more sophisticated statistical methods to
influenced by a complex set of structural model the relationship between economic and
factors, including armed conflict, political food security indicators. Second, the analysis
instability, internal population displacement, relies on aggregate macroeconomic indicators,
the wvulnerability of agricultural systems to such as GDP per capita, which do not directly
climate shocks, and food price volatility. In capture income distribution or soeg@zonomic
such contexts, aggregate economic growthnequalities at the country level. Future
does not automatically translate into improvedresearch  could expand the ajtilal
access to food for the population, as theramework by integrating additional
benefits of growth may be unevenly indicators, such as poverty levels, income
distributed or limited by institutional fragy  distribution, access to agricultural
and structural constraints of food systems. infrastructure, or climate variables, to better
These results take on particular importance irunderstand the mechanisms through which
the context of t he doomomie drowhhainfluencass food Begueity. d a
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Similarly, more extensive comparative [12]Ritchie, H., 2023, How is food insecurity

: 026.
across a larger sample of countries, could; 35 Lc. Haddad, L., 2015, Reducing child

facilitate the ide_miﬂcation_ of _ broader majnutrition: Past drivers and priorities for the post
structural patterns in the relationship betweemDG era.World Development68, 180 204.
economic development and food insecurity[14]Swinnen, J., Squicciarini, P., 2012, Mixed
dynanics in SubSaharan Africa. messages on prices and food safetgcience

. - 3356067), 405406.
In this perspective, the results of the Study[lS]United Nations, 2015Transforming our world:

indica_te that progress towards achievingthe 2030 Agenda for Sustainable Developmeiw
Sustainable Development Goal 2 Zero  York, NY: United Nations.

Hunger, within the 2030 Agenda, cannot bell6]United Nations Development Programme. (2022).
explained exclusively by the dynamics of Human development report 2022: Uncertain times,

. . unsettled livesNew York, NY: UNDP.
economic growth, butlepends essentially on [17]von Braun, J., Torero, M., 2009mplementirg

the capacity of societies to transform thisppysical and virtual food reserves to protect the poor

growth into more equitable, resilient andand prevent market failurdolicy Brief, International

accessible food systems for the entireFood Policy Research Institute.
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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
(2008 2024) includingc at t | e, pi g, goat , sheep herds, green forag
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, asethta 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 duriregittte2008 2024.The results

show a significant reduction in pigd(7.24%) 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
structr e t o changes in ani mal husbandry. I n terms of emi
i n rumi nant l'ivestock, but coO i ncreased by 81.46%
intensification of mechanization and agriculturgactices 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, trendsi 2028, Romania

INTRODUCTION climate change are reflected in a pronounced
and persistent trend of global temperature
Agriculture is among the main economic increase, accompanied by a higher frequency
activities  responsible  for  generating of abiotic and biotic stress episodes (Jose at
greenhouse gas emissions, especially metharg., 2016) [8]. These climatic disruptions
(CH ) and nitrous o0 X icohteibuté N toO) exacevbatigl p gconorgic t h €
second position after the energy sectodifficulties, intensify social disparities and the
(Holden et al., 2014; Kabange, et al., 2023yulnerabilities of exposed communities, and
Dumitras et al, 2025) [6, 9, 4]. At the samelead to a significant worsening of food
time, this field has a dual function, beinginsecurity (Rusali, 2018; Andrea, 2024) [20,
recognized both as a source of emissions and].
as a potential mechanism for capturing andGreenhouse gases (GHGs) have multiple
storing these gases (Rawnsley et al., 2018prigins, deriving from both biological and
[19]. Although the role of agriculture total  natural processes generated by the activity of
global emissions has been analysed in deptdpecific microorganisms in the soil or by
in the specialized literature, its implications spontaneous chemical reactions andmfro
for the sustainability and resilience of agri anthropogenic activities. Human emissions
food systems have been treated marginally foare dominated by the energy sector, which
a long time, until the aggravation of the accounts for approximately 73.2% of the total,
climate crisis forced reconsideration of this followed by industry (5.2%) and waste
perspective (Del Prado et al., 2013; Micu etmanagement (3.2%). The difference is
al, 2022) [2, 13]. The main manifestations ofattributed to the agricultural sector, which
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includes crop production, soil dynamics usedagricultural operations, including tillage,

for agriculture and animal husbandry, as wellirrigation, and the transport of raw materials

as activities related to the use andand agricultural products (Nugrahaeniyas
management of land and forests (Kamyab, eét al, 2024) [16].

al., 2024) [10]. Animal manure management practices in
Within the agri cul t umagidultuslesystems are anmdjon aonree of CH )
from ruminant enteric fementaton and met hane (CH ) emi ssi ons.
emissions from animal manure managemenbrganic matter content, manure creates
practices are two of the main sources offavourable conditions for the formation of
greenhouse gases. Enteric fermentation, & H when st orirednaerobic tr ea
physiological process inherent to the digestiorenvironments (Tedeschi et al., 2024)[21].

of ruminant species, produces significantMicrobiological processes that occur in the
guantities of & HKlobal absengea of oxwgen ltause the anaerobic
warming potential much higher than that ofdegradation of organic components, which
carbon dioxide (CO ) |eadets theegenreration of signifitanttaimaintss h o r
term (You et al., 2022; Hu et al., 2023) [24, of methane (Petri et al., 202[18].

7]. Similarly, activities related to the handling, Many factors determine the level of

storage and application of manure ongreenhouse gas emissions generated in cattle
agricultural land genate considerable production, including the composition of the

emi ssions of bot h C kked matio feeding r methods, o genetice

(N O) (Gaudar ®, et alcharacte?idticd 1 )of [ thel . animals and

The maj ority of N @anagementssyrategies sadopted at rthe farm
agriculture are due to land interventions, inlevel (Xi e et al ., 2023) [ 23]
particular the application of synthetic nitrogen production in ruminants is strongly dependent
fertilizers and the inadequate na@ement of on the nature and nutritional quality of the

nutrient flows (Omirou, et al., 2022) [17]. feed ingested, as the dietary profile influences

N O is recogni zed as the ferraentgtivep prdcesses ing thee eumdno u s e
gas with long atmospheric persistence andZanon, et al., 2025) [25]. Equally, iaral

significant climate consequences. Energymanagement system8 including manure
consumption in the agricultural sector is ahandling, optimizing welfare conditions and

major contributor to carbord i o x i d e the Cafganization of housing spaced

emissions. Modern agriculture increasinglyrepresent additional elements with significant

relies on energyntensive technologies, such potential to reduce emission flows (Lileikis et

as mechanized machinery, advanced irrigatioml., 2023) [11].

systems, and the logistics infrastructureThese interventions can contribute

needed to transport raw materials and finishea ubst ant i al | vy t o reducin
products. These egpment are predominantly ruminants by shaping physiological processes
powered by fossil fuels, contributing and limiting conditions that increase the
significantly t o t h egenesad@on tofo gre@rhouse masesg Gaining eae d s
(Mehryar et al.,, 2021) [12]. As a result, thedeeper understanding of the complex
combustion of fossil fuels in agricultural mechanisms that govern emissionsonir
activitiesd from the operation of tractors and livestock is an essential prerequisite for
combines tdhe internal and external transport formulating rigorous strategies that can

of productsd generates significant volumes optimize the efficiency of livestock

of co , ampl i fying tphoeuctianaand) cimultahemusly, preduce tits o f
modern agriculture (Moldan et al., 2012) [14]. carbon footprint (Warsame et al., 2023) [22].

In addition, carbon dioxide associated withBy differentiating emission sources between
agricultural activities comes mainly from ruminant and nomuminant species and

landuse changes such as deforestation titegrating the variables that influence these
expand cultivated areas and from the energgmissions, it becomes possible to implement
consumption associated with mechanizednore sustainable and resilient livestock
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production systems with a reduced climateestablished by the European Commission,
impact (Doyle, et al., 2019) [3]. thus ensuring the comparability and
This paper aims to study in depth the credibility of the data.

interdependence relationship between thd&o obtain the necessary information, the INS
livestock sector and greenhouse gas emissiorgarries out annual statistical surveys addressed
in Romania, over the period 200824. The to all categories of agricultural holdings, using
analysis is based on official datasets madstandardized questionnaires, digital reporting
available by the National Institute of Statisticstools and direct field collection by specially
[15], which provide consistent information on trained  enumerators.  These  surveys
the size of livestock herds, the structure ofsystematically monitor the numbef animals
livestock production and the evolution of by species and category, the distribution of
emissions  associated with  agriculturallivestock, changes compared to the previous
processes. By simultaneously examining thejear and a series of relevant indicators
dynamics of livestock activities and etin  regarding production capacity.

contribution to the generation of methaneln the case of sma#icale farms, data are
(CH ), nitrous 0 X i d ebtained\ byO ppplyiagn dtratifieca sampling
di oxide (CO ) emi ssi onetlsods, twhich allavs ®ra anc ladequatens
highlight the mechanisms through whichrepresentation of the regional and structural
transformations in the livestock sector diversity of farms. Based on this information,
influence the climate footprint of national the INS uses weighting and extrapolation
agriculture. procedures to generate robust estimates at
Within this analytical framework, the study is county and national level, ensuring the
not limited to identifying quantitative trends, accuracy and stability of the statistical series
but aims to observe the structural andover time.

functional processes that shape thelivestock numbers are one of the main
relationship between the development ofvariables wused in national emission
livestock farming and the phenomenad inventories, and the annual periodicity of data
climate change. In this way, the researchcollection allows for an accurate assessment
provides a comprehensive understanding obf the contribution of the lestock sector to
how developments in the livestock sectormet hane ( CH ), nitrous
contribute to the dynamics of GHG emissionsdi oxi de ( CO ) , as wel |l
facilitating the formulation of strategic (HFCs) emitted indirectly through the use of
directions aimed at reducing the climaterefrigeration and cooling systems associated
impact and promoting sustainability in with animal production. The inclusion of

agriculture. HFCrelated data isessential, as these
compounds possess a high global warming
MATERIALS AND METHODS potential and are increasingly relevant in

modern livestock management systems that
The annual collection of data on livestockrely on technologically advanced cooling
herds is an essential element for monitoringnfrastructure. Thus, statistical information
developments and analysing the structure obecomes indispensable formonitoring
the livestock sector in Romania. Romania's climate commitments and for
The National Institute of Statistics (INS) is developing effective strategies to reduce the
responsible for producing these official data,overall carbon footprint of the agricultural
which are used both in national assessmentsector.
and in reports submitted to EuropeanTo ensure quality, the INS applies rigorous
institutions. verification and validation procedures, which
The collection process is carried out ininclude comparingurrent data with historical
accordance with internatal statistical series, identifying and correcting any
standards and is harmonized with the Eurostadtatistical anomalies, and performing
methodology and the reporting requirementsadditional checks when significant deviations
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Evolution of livestock during 2008-2024

are detected. At the same time, data or

livestock are correlated with other agricultural ™™ W

statistics, soh as livestock production or land  **™] Species

use, to strengthen the internal coherence of thi == —

information. 2 smmooo] \_‘ et
2000 000 - F_\‘—‘—-—'—‘——“—"-—O——-—._*_._.__
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The evolution of livestock populations in Fig. 1. The evoluti_on of livestock during 202824
Romania between 2008 and 2024 indicatesS°urce: Own design based on the data from R026
major structural changes in the livestock 131

sector, vith both economic and ecological
implications. The data show a profound
transformation in the distribution of livestock
populations among the main species,
transition influenced by factors such as
economic competitiveness, adaptability to
pedoclimatic  caditions, epidemiological

In contrast to the previously mentioned
species, sheep are experiencing a
redominantly upward trend. While in 2008
here were approximately 8.8 million heads, in
2024 the population will exceed 10.4 million,

confirming a stable and sustainegowth.

: ; : "™ _This trend can be associated with the high
pressures and agricultural policy orientations, . qjjience  of sheep to variable climatic
In the case of cattle, the trend Is one Olconditions, low maintenance costs, as well as

constant decline throughout the _penod. Th he increased demand on external markets for
population decreases from approximately 2.6§,0 s ik and derived products. The increase

rznc')gfn h;adf in 200% totarour}d |1'8 n:illiot?]_ir(; in livestock contributes td h e | evel of
, indicating a reduction of almost a third ;4 N O emissions, but i

of the population. This decrease SqueSt%anner than in the case of cattle, due to the

persistent str_uctural .difﬁC.UItieS in the cattle physiological characteristics and the extensive
sector, a§§OC|ated with hlgh production COStSsystems in which sheep are raised.

_the vol_atlllty O.f the_ milk market a_md_ the Goat herds follow a more moderate but
Increasing - orientation towa(ds ntensive .o nstant upward trajectoryndreasing from
production systems, characterlzed by fewer pproximately 740,000 heads in 2008 to over
but larger and more technologically advance .16 million in 2024. This evolution reflects

farms. Ecologically, the decline of cattle hasthe excellent adaptability of goats to diverse

direct implications for methane emissions, aS,nvironmental conditions arf the g{r(])wing.
tai

t Fi f k? pecies is the HaLdin dalyplofuts cbthined fol Gdal ¢ Cf
In livestock farmng. milk. The goat setor thus remains one of the

Pig populations are also showing a sharp dynamic segments of Romanian
downward trend, from over 6.1 million in livestock

2008 to around 3i3B.3 million after 2020. ig. 1)
The steep decline reflects the severe impact he. arialysis of the evolution of the areas

f;fricar;] slv(;/ine fever”on i(r)]mmercsi‘]?lclr_farmst and o tivated with the main categories of forage
OuSenolds, as Well as né preSWTenports 1 ahts in Romania during the period 2008

on the competitiveness of the pig sector. This, o, 4 pignjights structural changes relevéan
substantial decline partly explains the . dynamics of the livestock sector and for
negative relationship observed between tot he functioning of agsgfood systems. Th

CoO emi ssions and th ?%na?nféén f €iHe eoc?{rj)pspa'rege%éentié'yZogl €

livestock po p.“d! at ‘h° "dhderstahdfhg  te® Gvailality " & * fodd
emissions continue to in@see, indicating that oo, rcas which  influences both  the

rocesctn. fameport ant relatod adtuitive Jproductive _performance of farms and the
P ' P mission flows associated with soil and

agriculture than by livestock farming itself. manure management. During the analysed
period, the total area cultivated with green
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fodder from arable land remains relatively stability and a slight downward trend after
stable, oscillating between approximately2020. The decrease after 2020 could indicate
828,000 and 907,000 hectares, with a slighthanges in the crop structure, determined
upward trend around 2018, followed by a either by adaptation to drought and tera
moderate recovery after 2020. This stabilitystress, or by the reduction of livestock in
suggests a structural dependence of farms ocertain sectors, which implicitly decreases the
these crops, which are mainly used in the feedemand for certain types of annual fodder
of  herbivorous livestock, especially (Fig. 2).

ruminants. The moderate fluctuations The analysis of the evolution of the main
probably rélect the adaptation of agricultural greenhouse gases (GHG) generated by the
practices to annual climatic conditions, asRomanian agricultural semt between 2008
well as to variations in feed demandand 2024 highlights distinct trends for each
depending on the dynamics of livestockpollutant, reflecting structural changes in
populations. agriculture, livestock numbers, soil
In the case of alfalfa, the data indicate amanagement practices and the energy
progressive increase in areas between 200@tensity of production. The data show
and 2018, followed by a maintenance at hig)di ver gent evol utiNn® bel
valuesafter this interval. Alfalfa, being one of and HFCs, suggesting that these pollutants are
the most important perennial legume plantsnfluenced by different mechanisms of the
used in fodder systems, contributes toagrifood system. Figure 3 presents the
improving soil fertility by biologically fixing evolution of GHGs during 2008024, where

nitrogen. The expansion ofishcrop can thus C O i s on the right axi
be associated both with the high need foHFC are on the left axis.
crude protein in fodder and with the interest ofOf allthegga e s anal ysed, co S

farmers in more sustainable agronomicpronounced upward trend, increasing from
practices that reduce dependence on chemicapproximately 985,000 Mg in 2008 to over
fertilizers. 1.8 million Mg after 2020, remaining at high
levels until 2024.

This sustained growth is characteristic of an

The evolution of fodder crop areas during 2008-2024

e T agricultural sector increasingldependent on

¥ oo e €NErgy consumption for processes such as the

L —we  mechanization of operations, the transport of

e S i S A S A A O ’ raw materials and the use of equipment in

R T storage and processing
S and N O, which are main

5592-42- The evolution of fodder crop areas du2@98  biological activity of animals and nutrient

Source: Own design based on the data from NIS, 202ma nagement, co rather

Fhtensification of fossil fuel consumption, thus
reinforcing the idea that a significant part of

The areas cultivated with clover indicate ath® climate pressure associated with
sinusoidal evolution, with periods of moderate@@riculture comes from indirect activities, but
growth followed by decreases, remaining ineéssential for ta functioning of the sector.

the range of 95,0023,000 hectares. This Mét hane (CH ), on the o
variability may reflect the sensitivity of clover Slightly decreasing trend in the long term.

to interannual climatic conditions and to theWhile in 2008 the valueswere around
type of farms that use it, being a preferred438'000 Mg, after 2010 the levels stabilised at

crop in small and mediwsized households, around 350,000860,000 Mg annually, with

where soil rotation and labour availability Minor fluctudions between years. This
play a decisive role. gradual reduction can be explained by the

Regardng annual green fodder, the evolution decrease in cattle and pig herds, confirmed by
of the areas is similar, with a relatively high Parallel analyses of animal herds, as well as

[15].
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by better efficiencies in manure managementgr eenhouse gas emissions

Given that ruminants are the main source oHFC), livestock numbers and forage crop

enterc methane, their numerical decline areas over the period 200824 highlights a

directly contri but es cdmplextstueturemad thieepentences that f CH

emissions. The very strong correlationsreflect both biological and agronomic

previously cal cul at e ¢grochssas,wasewell &Hthe seetmhomicat t | e

herds support this interpretation. dynamics of the agraootechnical sector. The

figure shows a set of wetlefined positive

and negative correlations, which allow

understanding the dominant nh@nisms
associated with the generation of emissions

g . w andthe use of agricultural resources.

200 0004 -1400000 f§ —— HFC
C —— co2

The evolution of GHGs during 2008-2024

300 000+ -1 600 000

100 0004 =1200000

Emissions {Mg) - CH4, N20, HFC

e

=1000 000

T T T T T T T T T
2008 2010 2012z 2014 2016 2018 2020 2022 2024
Year

Fig. 3. The evolution of GHGs during 202824
Source: Own design based on the data from NIS, 202
[15].

Regarding nitrous ox ™l =k @ ution
shows a moderate increase, from . . == 1
approximately 30,000 Mg to valudmtween e BRI o BEERIIREE ] o EEATOEEY I

31,000 and 35,000 Mg in subsequent years " EEEEEEHEEEEE SRS

This trend can be associated witthe S

dynamics of forage areas, soil managemen 2 F

and nitrogen fertil ifge fhePduBoRcbrldiod hatkixO N . N O is

closely linked to soil microbial processes, andSource: Own calculations.

its variations most likely reflect changes in

agronomic practices, fertilization intensity andA first notable result is the very high

the evolution of foragareas. The moderate cor r el ati on bet ween met he
positive correlati onsndcattlendumbe?3) (betdwe®.n9 9N ,0O
and total forage area, observed in previousissociation in the entire data set. This almost
statistical analyses, support the hypothesiperfectly linear relationship confirms that

that soil nutrient factors are the main large ruminants are the main source of enteric
determinants of this pollutant. methane, and variations in their numbers are
Hydrofluorocarbon (HFC) emigms, directly transmit¢elsd Ad to
although lower in absolute terms than othesi mi | arl'y high <correl ati
GHGs, are steadily and rapidly increasing,s h e e p (r a 0.98) sugges
reflecting the accelerated adoption ofcontribution from small ruminants, although
refrigeration and cooling equipment in farms,the individual impact per animal remains
slaughterhouses and food distribution chainslower than for cattle. This pattern confirms the

This increase, from approximage20,000 Mg literature that attributes over 0% of

in 2008 to over 53,000 Mg in 2024, indicatesagricultural methane to ruminants and

the expansion of refrigeration infrastructure,highlights the sensitivity of emissions to

an aspect associated with the modernization dfvestock population dynamics.

the sector, but also with a high climatel n contrast to methane,
footprint due to the very high global wamgi  evolution, being negatively correlated with

potential of thesecompounds (Fig.3).The cattle (r =70.76) and pig (r 50.97) herds.

Pearson correlation analysis presented imhis inverse relationship indicates that the

Figure 4 on the relationships betweenreduction in herds of these species,
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documented in national data, is not reflectecconcentrated fodder, not on perenniataige

i n a decrease i n CCrops.emi ssi ons. On t he
contrary, CcoO I ncr e aAnalgsingithese relatiorsHips asla whole,tthe  t |
intensification of energy processes inFigure 4 highlights three major climate
agriculured mechanization, transport, use of mechanisms in the Romanian agricultural
refrigeration system@® a fact supported by sector: (1) methane is almost entirely

the extremely str ong contmlted ylruminants, respécially vadle (2) C O
and HFCs (r = 0.95). This associationnitrous oxide is mainly deteimed by soil
suggests that the modernization of the foodprocesses influenced by the area and type of
sector and the increase in the use oforage crops; (3) carbon dioxide and HFCs are
refrigeration equipment have amplified the associated with energy intensification and
contribution of emissions with high global modernization of agricultural infrastructure,
warming potential, which indicates profound not with livestock farming. This diversity of
changes in podtarvest infrastructure and drivers shows tha GHG emissions from
cold chains. Ni t r ou sagrcuttureddo nat Mesp@il ungohmby wes thea n
intermediate profile, with moderate same factors and that mitigation policies need
correlations with both animal species and to be tailored to each pollutant category:
forage areas. Positive valuesi t h sheepdici mig CH requires r
0.64) and pigs (r & 6OeB8Budyi agd Nn®g ateiquea rweasl us
wi t h g o a 0.38) s(ggest & certain interventions and reducing coO
i ndirect contri but i omequrds inVestmeats ih energy efficcency and a |
emissions, but the highest correlationueals  cleaner technologies.

observed between N O Panoighl tompoaeht dnalysima PEA)awas a (

a 0.72). Thi s a s s 0 @appled io @ rset ot standardizeanwariablesh (2
dominant role of soil microbial processesscores) covering greenhouse gas emissions
responsible for nitrification and ( CO CH , N O, BovhésC) , I

denitrification, influenced by nutrient Pigs, Sheep, Goats) and forage indicators
management and forage crepecific (GreenFodder_Arable,  Alfalfa, Clover,

practices. At the same time, moderate Annual_GreenFodder, Fodder_Total), for the
correlations with alfalfa and green forageyears 20082024. Standardization and PCA

suggest that perennial and annual foragealculation were performed with classical
systems contribute differentially to soil procedures dentered and scaled scores,

nitrogen fluxes, depending on fertilization decomposition on the covariance matrix of
intensity and biomass dynamics. Thestandardized data).

correlation matrix also ighlights relevant

relationships between animal species ant Component Plot in Rotated Space
forage crops. Sheep, for example, show stron

positive correlations with alfalfa (0.74) and /\
arable green fodder (0.74), indicating the 1 By oeen
traditional ceevolution of extensivpastoral Greenfodder Arable] O e o

05 oats e

She
© Co2HFC @
Annual_GregnFodder Alfalfa

o Bovines

systems with e national forage structure. In
contrast, goats, although increasing in
numbers, show lower values relation to
forage crops, which suggests a lower
dependence on intensively cultivated forage:
and confirms their adaptability to natural
pastures or gmtaneous vegetation. Pigs also 0 g T
show high correlations with forage areas, bu Componeny | coneo™™>
these valuesare influenced by the general _. - .

. . ; ig. 5. The principal component analysis boxplot
dynamics of agricultural areas, as their type o

) ’ ource: Own design.
forage is predominantly based on cereals and

°
00 CloverP|gs
(<} CH4

Component2

-05
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The threedimensional Figure 5 (scores + nature of these processes: Goats is a flexible
loading vectors) synthesizes the relationshis peci es in relation to p
between the three components: PClproduced by both biological and agronomic
consistently separates the energy dimensioprocesses, and Fodder tdlosynthesizes the
(CO [/ HFC) from t he zineractiercbetwdert faed avalabiity andPherd
aggregates the feed/soil variables, and PCStructure.

pl aces N O and CH This trtadh & agrononxic, nzoateghnidal f
ruminants, highlighting their biological emissions and intermediary reveals a
character. The variant with only loading coherent architecture of the agroological
vectoss (without scores) encapsulates thesystem, in which climatic, biological and
same message in a clean map of the dominaagronomic proceses are deeply
directions: the arrows for energy GHGs areinterconnected, but at the same time
distinct from the arrows for feed and ruminantstructurally differentiated by their orientation

vari abl es, and N yO/irCle sgat @fthe manscomppnentsn t |
define the fAbiological 6 axi s.

The fi gu rnent Fio€ mm'ﬁmﬁted Top 3 variables per principal component (PC1-PC3)
Spaceo highlights t PC1 f

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 Afara
agronomic SUbsyStem, predmantly 0.00 0.05 0.10 0.15 0.20 0.25 0.30
associated with Component 2, where variable: o e e

describing forage crops and cultivated area:
present high loadings and convergent
orientations. This structuring reflects the fact Clover |
that agronomic processes, such as cro

productivity and land managemebnstitute

HFC

GreenFodder_Arable ‘

Fodder_Total q ‘

0.0 o1 02 03 04 s

a distinct explanatory factor in the Absolute loading
PC3

multivariate architecture of the agricultural
system. 20
The second group is the livestdeknissions
subsystem, located mainly on the combinec
directions of Components 1 and 3. Variables | ‘ ‘ ‘ ‘ | |
such as CH as,wellG@®Othe, nunthér ( Y smetoading "
of Bovines and Sheep, along with theFig. 6. Top 3 variables per principal component (PC1
perennial crop Alfalfa, align in this area. Their P€3) ,

configuration indicates a clear association>CUce: Own design.

between livestock productiod especially
ruminant productiond and biological and
energy flows of grenhouse gases, confirming
the fundamental role of this subsystem in
determining the agricultural climate footprint.

Bovines

CH4

The Figure 6 highlights the latestructure of
the analysed agroecosystem  system,
synthesized by the first three principal
components resulting from the PCA analysis

Between the two extremes lies theapplied to the set of zootechnical, agronomic
intermediate subsystem, formed by variablesaanI emission variables. Each component

such as Goats, N O an nst atl._ct%har%ngstlbosfﬁtsrq frgrg_ @EM‘?{H i s
group occupies a central area in the rotated" ts aus 'C? %c."?. ; vk;e¥v, 'mt 'Cda Ing . et
space, suggesting a role as connecting poinf‘s'X'S. ence o IStinc ut interdependen
between soil and forage crop dynamics, on th&Jdricultural - processesrhe first principal

one hand, and livestock activity, on the Other_component (PC1) captures a zootechiiical

Their intermediate location reflects the mixedenergetlc subsystem, in which variables such
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as Pigs, HFC and Alfalfa presethie highest structure, soil management, and energy
absolute loadings. Their configuration consumption together shape environmental
suggests that PC1 reflects a structural gradiemgressure and agricultural performance. This
associated with intensive  zootechnicalinterpretation confirms the importance of
systems, characterized by high pig herdsintegrated approaches in assessing agricultural
significant energy consumption (marked bysustainability, highlighting the need for
the presence of HFC as an indma di fferentiated policies
associated with refrigeration and airand co , specifically
conditioning infrastructure) and the use ofidentified subsystem.

perennial crops such as alfalfa, which are

essential in the rations of higioductivity = CONCLUSIONS

farms. This component thus describes an

integrated dimension of industrial animal Taken together, this study confirm that the
production and its dependence on $ipec structure of forage crops has remained largely
energy and feed resourcedhe second stable in the long term, but with occasional
component (PC2) clearly highlights an adjustments related to climatic, technological
agronomic subsystem, dominated by variablesnd economic factors. This stability is
such as GreenFodder_Arable, Clover andessential for the functioning of livestock
Fodder_Total. These loadings reflect ansystems, as continuity in forageoduction is
essential facr of plant production, related to a critical element for maintaining farm

soil management, forage crop rotations,performance, especially in regions dependent
cropland structure and the availability of on their own feed production.

fodder for animal feed. PC2 can be interpretedDn the ecological dimension, the dynamics of

as the agronomic dimension of the system, iforage crops have direct implications for
which fodder production and soil quality are greenhouse gas emissions, in particular
primary elements that indirectly influenceni t r ous oxi de (N O). T
livestock performance and the level oflegumes (alfalfa, clover) can contribute to
associatd emissions.The third component reducing the use of synthetic fertilizers, thus
(PC3) configures a biemissions subsystem, reducing associated emissions. Conversely,

i n which the vari abl ¢e dedrea®e in Bi@ areantdese ceopsdin CH
present the highest loadings. Thecertain years can lead to increasedsgpuee on
simultaneos presence of biological emissionsthe soil, if they are replaced by crops that

( CH from enteric f ereguieenntersiva fertilization. Bhe gometation v e |
N O gener ated by siodéntmfcedbibelt avgiemalN O
processes) alongside cattle herds indicates avbserved in previous statistical analyses
ecological mode in which greenhouse gasunderlines the active role of soil management
fluxes are closely correlated with ruminantin shaping emissiofiuxes. In conclusion, the
metaboilsm and the soil nitrogen cycle. PC3 evolution of forage areas during the period
thus captures the core of biogeochemical008 2024 reflects a continuous adaptation of
processes in agriculture, combining theagricultural systems to climatic and economic
influence of ruminants with the dynamics of challenges, while maintaining a stable
fertilized soil, which reinforces the integrated functional structure, adequate to livestock
nature of CH and N r@ede miles dalanceds dywamic h betweemn h e
system. Overall, the figure reveals a tripartitestability and gradual adjustment is essential
architecture of the agricultural system: afor the resilience of the agootechnical
livestockenergy subsystem, an agronomicsector and constitutes a fundamental element
subsystem based on forage production, and i@ the evaluation of national strategies
bio-ecological emissions subsystem. Theregarding agricultural sustainability and GHG
relationships identified show that theseemissims reduction. The comparative
processes do not act in isolation, but are parnalysis of the evolution of GHGs highlights

of a complex system in which livestock the fact that their dynamics are not uniform,
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but determined by different mechanisms.Journal of Sustainable Livestock Practices, 1(1)420

While CO is increas ;‘;ﬁ?ﬁ;?}‘\“’ighé}’ﬁt?fe%gﬁésﬁﬁg?L{’Jﬁ”@ﬁzlg‘dgxﬁhp/'beltfe t o
_t he e_ner 9y I nt en5|_f ! ]%e pta ,ﬁ,Crg)son,P%(gle?seth%tE,E.M,r €, Cl
is decreasing as a result of the reduction 0bg13, wholefarm models to quantify greenhouse gas

rumi nant | i vest oc k, emisgighsdand thBir p&ential tis€ 61 dinking Slimate
moderately dependent on agricultural soilchange mitigation and adaptation in temperate
management practices. HFCs show aryrassland ruminastased farming systems.

. animal.;7(s2):37385.
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Abstract

This study assesses the influen€éuel 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. €halts revealed that majority of the respondents were
male 66.94%), adults witta mean age of 60 years, marrie8lL(67%), household size of 10 persons and above
(54.44%) and good literacy level of (89.73%). Source of financing is personal sahim@hanalysis 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 shouleffine crude oil locally, tax exemption on inputs, establish mega stores, revive extension
services.

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

INTRODUCTION transportation skyrocketed beyond the reach
of an average farmer [1].
On May 29, 2023, ilNigeria it was officially Total removal of the fuel subsidy ignited
announced the removal of the decéwley poverty and food insecurity in Niger[&]. It
subsidy on petroleum products. The reasohas to evolve strategies of how to mitigate the
was the budget deficit and the need to channieffects of fuel subsidy removal such as
the funds towards public infrastructure andinvesting in agricultural investment and
improving the lives of the Nigerian people. subsidize transportation to cushion the impact
The fuel subidy removal led to the inflation on food security. Furthermore, incorporating
increase which has affected the population. safety nets like providing freénealthcare
Removal of fuel subsidy, there was a veryservices for lonincome earners and free or
dramatic rise in prices of premium motor subsidized education is essential to bridge the
spirit (petrol ) f r omwideincome inequality inthe country [6] I it
550/ 1itre, whi ch i Staple ctroprisnsimply deffirgedy a&s rfoed whécim
astrononcal rise in the price of goods and dominates substantial portion of our and for
services including those of agricultural inputsprovision our energyand nutrient needs. This
[3]. Furthermore, the prices of petrol keptsuggest that when such crops are subjected to
increasing by the day to the extent that priceslrought, poomutrient soils, pests and
of food as well as prices of agricultural inputsdiseases, hunger and poverty are imminent at
such as quality seeds, fertéis, pesticides, an alarming proportion. Staple crops are
herbicides as well as cost of labour andcommodities traded all over the world.
Therefore once thegre threatened by difficult
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growing conditions limit their output, that have witnessed active intervention of
consequently their effects are felt globally.  governments albver the world, especially in
Recently, the government has beendeveloping countries through comprehensive
contemplating whether or not to remove fuelsubsidization of energy consumption [11].
subsidies, a decision that has -feaching Nigeria, the country with highest populous in
implications for tle poor citizens. Although Africa, had a per capita gross domestic
removing fuel subsidy may be necessary t(product of US$1,437, in 2010, slightly greater
stabilize the economy, concerns about whathan U$ 1,311 found in Sui$aharan Africa.
impact will it have on the average citizens,However, 68 percent of the Nigerians depend
agriculture, especially those already burdene on less than US$1.25 per day as compared
by the challenges of daily living [8]. SubSaharan Africa with to 48 percent.
Traditionally, fuel subsidies were believed to Poverty and inequality the order of the day in
have a dual impact in Nigeria. While it is Nigeria (World Bank, 2013) [17].

meant to alleviate financial burden on theOver the lastdur decades, petroleum has also
government and trigger economic growth, ittb e c ome Ni geri abds top expc
removal has generated a domino effect on thshare of petroleum in Nigerian exports peaked
cost of living. One of the most immediate andat 97 percent in 1984 and has not been less
visible consequences is the surge in fuethan 90 percent since. In conclusion, Nigeria
prices, directly impacting transportation costsis strongly dependent on petroleum [15].

and subsequently affecting the prices of staplén spi t e being Africads | al
crops, goods and services [8]. Converselythe country depends heavily on imported
removing the subsidies has resulted tgoetroleum products, principally fuels, from
inflationary pressures, rendering tleerall the European Union [12].

economic landscape a serious for the averaclts four refineries, Port Harcourt | and I,
citizen. Inflation eroded value of consumersWarri, and Kaduna have a combined capacity
spendings making it harder for individuals of approximately 445,000 bpd (barrels per
and families to take care of their basic needs. day), which could potentially satisfy 63
This situation becomes deepening resourcpercent of domestic demand. However, these
poor farmers, hence afifging existing refineries are operating far below cappcitie
socioeconomic disparities [8]. When harveststo operational failures, poor maintenance,
are poor or when crops are channelled to fuesabotage on petroleum pipelines feeding
production, rather than food or fodder, therrefineries, theft, and fire [4]; [2]. In 2009 and
prices escalate, farmers face financial ruinpart of 2010, particularly low refinery runs
food becomes unaffordable to the poor forced the country to import approximately 85
national revenuesare diverted to food percent of its petroleumrgduct consumption
imports, adding to national and individual [2].

vulnerability. Typically, people depend on aRi c e (2012) suggests t he
diet from on one or more of the following years, domestic refineries have satisfied only
staples: wheat, rice, sorghum, corn, maize25 percent (maximum) of domestic
millet, roots and tubers (like potatoes, cassavconsumption [14].

and yams), rad animal products such as eggs The main effect of the subsidy removal is the
cheese, meat, milk and fish. Almost half ofhike in transportation costs triggered by high
humanity depend on rice. Roots and tubers aifuel prices, directly impacting agricultural
important staples for over one billion peopleproduction. Farm inputs and production rely
in underdeveloped nations, of which, nearlyon fuel for transportation and to power the
40% are consumed by half the population omachines. Hence, the high costs of transport
sub-Saharan Africa [5]. haveexacerbatetbod shortages in the
Subsidies are important policy instrumentcountry as consumers struggle to bugild
adopted by governments to attain economicmeals at increased rates [6].

social and environmental objectives. ForThe Nigerian government must invest more in
example, energy resources are one of the arethe agricultural sector to ensure food security.
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According to FAONigerian government the river basin (38%), plains (34.7), uplands
allocates less than 10 percent of its nationa{26.7%) and Highlands (5.8%).

budget to agricultural sector. There isThe climate is characterized by the alternating
inadequate allocation of resources to cushiorwet and dry season. The maximum daily
the effects of fuel subsidy removal ontemperature of 3& is experienced during the
agricultural productivity. Therefore, given the hot dry seasons (March to April), the
current subsidy removal, more has to beminimum temperature is 26 and the annual
directed to the agricultural sector for mean temperature is 363 [10]. The
improving infrastructures and subsidizing vegetation of Gombe State falls within the
inputs such as seedlings and fertilizers. ThisSudan Savanna and the trees are measured up
can help reduce the burden on farmers antb three meters where some are in groups and
making cost of production affordable. By so others are isolated [16].

doing, Nigeria can minimize the effects of theThe people are mainly farmers with a
subsidy removal on agricultural productivity populaton of 2,353,879 during 2006
[6]. population census [11, 13]. Gombe State falls
Objectives of the Study within three (3) distinctive Agro Ecological
The man aim of the study is to assess effectszones namely; Southern Guinea Savannah
of fuel subsidy removal on economic (SGS), Northern Guinea Savannah (NGS) and
efficiency of staple crop production in Gombe Sudan Savanna.

State, Nigeria. However, the specific Population of the Study

objectives were to: The population bthe study shall comprise of
(Didentify and describe socioeconomic all staple crop farmers residing within the
characteristics of staple crop famsein eleven (11) Local Government Areas of
Gombe State, Gombe State.

(ilevaluate the impact of fuel subsidy Method of Data Collection

removal on technical efficiency of staple cropA  well-structured  questionnaire  was
production in the study area, administered to the staple crop farmers via
(iiinvestigate the impact of transportation scheduled interview toielt data from them.
cost on availability and affordability of inputs Sample Size and Sampling Technique

of staple crops in thgtudy area, and to Multi-stage, cluster, proportionate and simple
(iv)determine strategies to ameliorate therandom sampling techniques will be
effects of fuel subsidy removal on staple cropemployed in the selection of the respondents

production in the study area. in the following order.
In the first stage Gombe State will be
MATERIALS AND METHODS clustered into four zones namely, Gombe
North (Nafada, Funakaye, Dukku and
The Study Area Kwami), Gombe Central (Gombe, Akko and

The study was carried out in Gombe StateYamaltu Deba) and Gombe South (Billiri,
Nigeria. Gombe State is located betm Kaltungo, Balanga and Shongom) using the
Latitude 9°30' and 12° N and Longitude 8°45'Gombe State Agricultural Development
and 11°45'E. It shares boundaries with YobeClassification.
State to the North, Borno and Adamawaln the second stag&€luster sampling will be
States to the East, Bauchi State to the Wesised to cluster each zone into Local
and Taraba State to the South. The State has@overnment Areas.
flat landscape in the North whilsouthern In the third stageproportionate sampling was
parts of the state have isolated hills. Theused to select (Funakaye and Kwami) from
elevation of the plain is at about 600 metersGombe North, Akko LGA from Gombe
above sea level; the hills reach between 70€entral while Billri and Kaltungo from
meters and 800 meters. According to [9] theGombe South. In the fourth stage, three
relief is categorized into four units such as:villages from each local government area
selected followed by selecting 20 staple crop
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farmers using simple random sampling givingmain sources of financing their farm
rise to a total of 360 farmers. operations, 20.28% family and friends while
Method of Data Analysis only 8.33% From cooperative society. The
The dah to be collected for the study will be reault further suggest that the respondents
analysed using both descriptive statistics anavere experienced in staple crop production
inferential statistics. The descriptive statistics(such as rice, maize, beans, millet, groundnut)
employed comprises of simple percentagesvith 70.28% havingd 0 year s6 exper
and frequency distribution, while the 11.11% having more than 10 years farming
inferential statistic used include Shastic experience. The result on their contadth
Frontier Production Model (SFPM) to extension agents in their locality revealed that
determine the effects of transportation cost 0r82.78% had contact with them. Majority
both technical efficiency of the staple crop(71.39) of the respondents are yet to join a
farmers and Logit Regression Techniquescooperative organization.

(LRT) to examine the impact of transportation

cost on availability of inputs aftaple crop in  Table 1. Distribution of Socieconomic Characteristics
the study area. A four (4) point Likert type ©fthe Respondents

scale of Strongly Agreed (SA), Agreed (A), “age Frentonoy ™ Poroeriags
Disagreed (D) and Strongly Disagreed (SD) gggg igl ég%gi
assigned values of 4, 3, 2 and 1 will be used t0zg49 105 0.1880
determine the extent of relationship existing Eggf? gg 88;22
between transptation cost and availability ean=61 01486
and affordability of inputs of staple crops in Sex Frequency Percentage
the study area. Data will be analysed using “F":,'fale ﬁgl, 223‘;
STATA 11 and Statistical Package for Social giiritlée\l status g;equency ffrﬁmage
Science (SPSS) version 27. Viariad Sod o167

Widow 14 3.89
RESULTS AND DISCUSSIONS Fousenold size Frequency  Percentage

11-20 134 37.22
Socioeconomic ~ Characteristics of the 35 a o
Respondents Educational level Frequency Percentage
The results on the socioeconomic pinorme e 3 1027
characteristics which comprises of age, sex, Secondary 189 52.50
marital status, household size, educational {2y Frequency Perentage
attainment, sources of finance, farming Personal saving 211 58.61
experience were presented on Table 1. Farmily and fends s 2028
From the result, 33.61% were aged-3  Agricultural bank 18 5

: Coop. society 30 8.33

yeas, 29.17% between 569, while only g 0 8 Frequency Percentage
6.94% were below the age of 30 years. This<1 19 5.28
shows that majority of the respondents were ¢, o 1333
adult farmers. The result shows that majority 11 and above 40 11.11
(66.94%) of the farmers were male while SXA9ent Vst Frequency Percentage
33.06% were females. The result further No 62 17.22
showsthat most of the respondent81(67%)  Yemb- of coop. Frequency Percentage
were married, 3.89% were widows while only _No 257 71.39

14.44% were singles, with majority (54.44%) SourceField survey, 2025.

having a household size of 10 and below and _

overwhelming majority (89.73%) having one Impact of Fuel Subsidy Removal on
form of formal education or the other asynl Technical Efficiency of Staple Crop
(10.27%) had not gotten a formal education inProduction o _

the study area. majority (58.61%) of the The Maximum Likelihood Estimate (MLE) of

respondents had personal savings as thetpe Parameters of the Stochastic Frontier
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Production Function was presented on Tableassumed for the composite error term in the
2. model.

The maximum likelihood estimates of theThe variance rati o gamm
production function was employed to explainbe 0.85 and is statistically significant at 1%
the influence of the  explanatory level, implying that 89% of the variation in
variables(production inputs) in the era of fueloutput of groundnut among the farmers was
subsidy removal on the output of staple cropdue to their differences in technical
production and also the effect of each of theefficiencies.

variables on the technical efficiency of theThis justifies the reasomvhy the ordinary
far mer s. The eliatof cledsty squard i estenatess (OLSP) cannot
the expanatory variables were all positive, adequately explain the differences in technical
indicating that they were important efficiencies among the farmers. Furthermore,
determinants of the output. all the input coefficients were less than one,
The result shows that all the variables all carryimplying that input allocation was in stage I
the expected positive signs and wereof the productia function. Similarly, the sum
significant. The coefficients of farm size of all the input elasticity is 0.74 indicating that
(0.2734) were significanat 1%, fertilizers staple crop production in the area is inelastic
(0.0812) and quantity of seeds (0.1880) werend is in stage Il of the production function,
also significant but at 5%, while family size which is also termed as the rational stage of
(0.0193), hired labour (0.0332) as well asproduction.

agrochemical (0.1486) were all significant at

10%. This suggest that the coefficient of farmTable 2. Maximum Lkelihood Estimate of the
size beiy (0.2734) and seed (0.1880) imp"eSStochastic Frontier Production Function

. B . . Variable Parameter Coefficient Stand. t-ratio
that a unit increase in the farm size and error
; i Factors
quantity of seeds of the farmers in the area; - b, 12135 00128 547786
during the zero fuel subsidy era will Farm size 0 o ooms s
. . . rm siz . . .
influence increase in output by 27.34% and '
18.80% respectively, ceteris paribus.  QV-ofseed (B b. 01880 00682 14730
Similarly, the coefficients of hired labour, FamiySize (X) b, 00193 00591 13875"
. L h ical ticid d Hired Labour (%) by 0.0332 0.0339 1.2381
quan_“f[y or agrochemicals (pesticides an Agrochem.(X) bs  0.1486  0.0824 2.0523*
herbicides) being significant at 10% suggests IFerftf'_"Z_erS (%) b 00812 00512 19669
.. . . . yinetrcienc
that a unit increase in the quantities of the saidefects
variables will account for 3.32% and 14.86% Age(2) G, 03797 00569 45316
increase in output of the farmers redpesy. Education () , -0.3130 00166 -3.9056
This clearly shows that any attempt to tamper ram. exp.z U 00161 00177 -2.9088
Wl_t h _ t he far mer so a tEaJmirlco#nd Y i Ogo0ef Cofhd T ks t he
variables in adequate quantities timely will ext.contact( s -0.0073 00100 -0.8271
exert a significant setback on their TE and gg“seho'ds'ze e 00145 00274 05290
allocative efficiencies accordingly. Seed variety @ U 00091 00079 -1.1482
. H i~ Diagnosticstat.
Similarly, the inefficiency paranters were all g 2P0 = 2 @ 01036  0.0686 177230
negative except formal education as well as
. . i amma (9 0.8543 0.2287 3.8946
household size which were positive thus, the

parameters which carry the expected Sign§ource Computer output fronfrontier 4.1***Sig. at
have met the apriori expectations, implying1% level *=5% level; * =10%.

that the variables increase efficiency of stapl
crops productionn the study area and vice
versa.

Si gma s g G)a wasd statigtigally

significant at 1% level, indicated a good fit
and the correctness of the distributional form

e'I'echnic:al Efficiency Estimates of the

Staple Crop Farmers

The di stribution of f
efficiency (TE) indices extracted from the
stochastic  frontier production function
analysis is presenteth Table 3. Generally,
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the technical efficiency of the sampled or even transport themselves to the farm. This
farmers is less than 1.0, indicating that staplés in agreement with [8].
crop farmers in the study area were producinddigh cost of quality fertilizers, seed and
below the maximum efficiency frontier. There reduction in yield were ranked 3rd, 4th and
exists a very large difference in technical5th most severe constrains in the area.
efficiency among the staple crop farmers. ThisAs a result, majority were left with no other
therefore implies that the best farmersoptions bt to plant seed from the previous
(0.56%) were within a technical efficiency harvest as well as helplessly watch the crop
range of 0.90 0.99, while only few farmers plants in need of fertilizers because it is
(9.17%) were regarded as the worst, withsimply unaffordable to them as buttressed by
technically efficiency range of 0.300.39. [6].

The result further revealed thatarcity of
Table 3. Technical Efficiency of the Staple Crop quality seed and rapid incidence tbfeft of

F;rmers = = 5 t crops on the farm were regarded as then@l
ange o requency  Fercentage 7" sever constraints respectively.
0.307 0.39 33 9.17 o _
0.407 0.49 08 27.92 Table 4. Distribution of Constraints posed by Fuel
T ' Subsidy Removal on Staple Crop Farmers
0.507 0.59 106 29.44 Nature of Constraints  S. Agree Agree S.D  Disagree Rank
0.601 0.69 51 14.16 Freq. (%)Freq. (%) F(%)  Freq (%)
0.707 0.79 57 15.83 )
. High transp.cost 353(98 7(2) 0(0) 0(0) 1
0.807 0.89 13 3.61
0.907 0.99 2 0.56 High cost of labor 328 (91 25(7) 0(0) 7 (2) 2nd
Total 360 100 High costfertile. 320(89) 32(9) 0(0) 7(2 3
Mean = 0.56 High cost of seeds 295(82 320) 11(3) 22(6) 4h
Max. = 0.94 Reductioninoutput 292 (81) 54 (15) 7 (2) 7(2) 5
Min. = 0.36 Scarcity of glty. 270 (75 36(10) 25(7) 29(8) 6"
- seed
SourcefField survey, 2025. Rapid theft 263 (73 22(6) 14(4) 61(17) 7
. . High cost of 252 (70 80(22)7(2) 22(6 gn
Constraints Posed by Fuel Subsidy herbicides ( care 220
Removal on Stap|e Crop Farmers Reduce farm size 248 (69) 40 (11) 43(12) 29(8) 9"

The distribution of the nature of constraintsAdulterated fertiizers 238(66) 83(23) 33(9) 7(2) 10"
influenced by fuel subsidy removal was Highcostofstorage 234 (65 50 (14) 43(12) 33(9) 11
presented on Table 4. . ?ﬁilr:lgeg ofcropcult. 201 (56 76 (21) 29(8) 54(5) 12"
The result was also ranked on the basis of :

severity of agreement that fuel subsidy greatly>°!"ce Field survey, 2025
influenced the presence of the constraint o
otherwise on farmers during the last farming
season. A very great disparity of disagreeme

prevailed among those who agreéh those

Thethefts often take place prior to maturity of
the crops on the farm. Others take place after
Mhe crops have matured and ready for harvest.
. Sometimes Fulanis herds evade farms at night
) i : bnd devour the harvest before day breaks.
constituted impediments to staple CrOPHowever, the least severe camgts

production in the area. : . expressed by the respondents were High cost
The result_s suggest that ge_neral hike Mot storage facilities and change in crop under
transportation cost posed serious threat tq,yation representing the 11th and the 12th
cultivation of most farms Whg are usually far constraints. According to the respondents, due
from hame and was ranked™lollowed by 1 high cost of fertilizer made them to grow
sharp increase in cost of labor o_ften beyon_c{egumes which haviess demand for chemical
the scope the farmers on sustainable basig i ers Furthermore, the prices of petrol

They expressed their frustrations that nokept increasing by the day to the extent that

matter - their _zeal t9 .exp‘?‘.”d prqductlon ISprices of food as well as prices of agricultural
usually met with their inability to hire labour
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inputs such as quality seeds, fertilizers,(i)Government should give tax exemption on
pesticides, herbicides as well as cost of labo all agricultural inputs and also provide to
and transportation skyrocketed beyond thdarmers at sulidized rates.

reach of an average farmer [1]. (iihIn addition, government is advised to
This is in line with [6], farmers encountered establish mega stores in all the 774 local
wide range of constraints include hike ingovernments across the country where
transportation cost, labour, fertilizers, seedsfarmers can access quality inputs on credit to
reduction in output, scarcity of qualitpputs  be paid just before the next planting season, in
as well as theft were ranked and recorded irsuch a way to attractogd prices for farmers
order of severity among other constraints ago enable them pay back their loan easily.
asserted by [8]. (iv)Government is also advised to reinvigorate
Unless swift action is taken to bring down the extension system for enhancing farmers
inflation, farers would have no option but to education as well as monitoring farmers
revert back to peasant farming. Consequentlyactivities with the view to advise to
cultivatng farmland which are mostly distant recommend to governmerwho to receive
away from houses of farmers became seriouban of agricultural inputs at zero interest
issues. Furthermore, high cost of petrolrates.

resul ting t o hyper i ni)Ramners arenencouaged fdrno coopesativese r s
inability to acquire inputs as well as regularlyto boost production and also enhance their
afford high cost of transportation during livelihood.

farming season thereby affecting their(vi)To ensure that the input subsidy and credit

efficiency levels as opined by [6]. is not abused, all such inputs provideg
government should be properly labelled and
CONCLUSIONS backed up by strict legislation providing for

punishment to violators.
Majority of the staple crop farmers though (viilGovernment is advised to reincarnate the
they are literates, were poor resource smallfertilizer blending plants in the country to
scale, who rely on their personal savings asower cost of fertilizers in the country
means of financing their agridufal
production activities. Fuel subsidy removal ACKNOWLEDGEMENTS
has severely hit staple crop production in
Gombe State, given their resource base anbsincerely to appreciate Federal University of
serious hyper inflation of everything they Kashere, Gombe State, Nigeria, for funding
need for survival, including all inputs and the research under thEertiary Education
labour. This resulted in reductiof farm size, Trust Fund (TETFUND) Institutional
poor output as well as change in crop type irBased Research (IBR}und
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Abstract

The present study examines the management of winter hospitafigitional mountain destinations, focusing on
Maramured County, Romani a. I n regions where tourism
where hospitality remains deeply embedded in local sadimiral practices, operators face managerial sems:
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 andow such strategies shape visitor satisfaction and local economic resilience, through a
mixedmethods approach that combines surveys of tourists and accommodation providers wistrustoned
interviews conducted among managers across key tourism net#s, integrating Net Promoter Score (NPS)
indicators, Likertscale, regression modelling, cluster analysis, and derfamtasting techniques. Results suggest

that establishments relying on adaptive staffing, locally anchored food supply chains, ared cwiater
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 regional gastronomy, and locally embedded
social relations (Andereck et al., 2006) [2]. In
Winter tourism in mountain regions operatest hi s sense, Mar amur eH

within a structural tension: seasonalclear illustration of such a configuration: ski
concentration amplifies visitor flows andlocalor i ent ed vi si tation con.
income circulation while simultaneously and its surrounding slopes, while, at the same
compressing labour demand, supply chainstime, there is a parallel demand for culturally
energy consumption, and transport pressure mmer si ve stays in sett
into a narrow, often volatile, temporal Sus, Poienile Izei, and the villages scattered
window. In Eastern European mountainalong the Iza Valley,lpces where hospitality
destinations, this tension becomes even morpractices remain closely intertwined with
pronounced, largely because tourismeveryday rural life and with the local rhythms
development is not anchored solely in spow of the community, even if these dynamics are
based recreation. Rather, the visitornot always fully visible in standard tourism
experience tendotdepend on a dense fabric statistics (Arion et Muresan, 2008) [4]. Recent

of seasonal rituals, vernacular architecturestatitical evidence confirms the consolidation
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of MaramureH as a winegar diomgi svimadt e sat iwianttieorn
due to the reported figures for 2024 thatshould represent (Smedescet Fintineru,
indicates 311,513 tourist arrivals and 581,9752013) [26].

overnight stays, values exceeding thoselrhe academic literature has long approached
recorded in 2023; earlier county anagshad seasonality not as a temporary market
already documented a rise in arrivals frominconvenience, but as a structural condition
264,330 in 2022 to 298,238 in 2023, embedded in the operational logic of tourism
accompanied by a gradual expansion okystems (Pintilii et al., 2016) [20]. Luntrop
accommodation capacity and agritourism[15] identfied seasonal concentration as one
pensions (Mihalache et Boiciuc, 2024) [17]. o f t he sector s per si s
Local dynamics seem to reinforce this broaderconstraints, one that reverberates through
trgg ectory, since i n BdaboHraallogatiah, cepitaHetilizatione and thes t h e
accommodation supply has graduallyrhythm of community life. At the same time,
expanded alongside a visible increase irhe reframed the issue more cautiously:
visitor interest, something also reflected inseasonaty should not be interpreted solely as
platformbased review scores that generallydisequilibrium; it constitutes a patterned
indicate high levels of guest satisfaction influctuation that demands differentiated
professionall y man ag endnagerialirdsmnses wdniingeat ufo iodda 6 s
ski infrastructure itself has become moreeconomic structures (Luntrop, 2001) [15].
competitive, with the Olympic slope and its Moreover, Higham and Hinch extended this
gondola system offering roughly 6.45 km of perspeave  further, suggesting  that

ski terrain and a transport capacity of arounddestinations may partially recalibrate seasonal
1,800 persons per hour, althoughestresort concentration by strategically aligning tourism
registries slightly differ and place the overall activity with events and practices capable of
length of the OlimpicdBor Ha s k i restapingabothn the temporal distribution and
closer to 7 km [25]. Yet quantitative the sociespatial composition of demand
expansion does little to resolve the more(Higham et Hinch, 2002) [14]. UN Tourism
complex managerial dilemma: which winter and FAO have repeatedly emphasized that
hospitality model remains viable ina  mountain tourism can support rural
traditional mountain region confronted livelihoods and the continuity of cultural
simultaneously with  climate volatility, landscapes, yet only where destinations
escalating operating costs, and persistenteduce ecological pressure, diversify tourism
labour scarcity? It is precisely in this contextproducts, onsolidate local supply chains, and

t hat Mar amur eH gai nsadjustnil| indreasingly uncestdine \s@EoOw C e
within the broader discussion on mountai conditions (Romeo et al.,, 2021) [24].
tourism systems, because the county does n@omparable arguments emerge within the
operate as a conventional ski destination inAlpine Convention framework: sustainability

the narrow sense of infrastructilesl winter indicators, resoureefficient infrastructure,
tourism [16]; rather, its attractiveness emergesand a reducedreliance on snowmaking

from a culturally dense territorial landscape inintensive  development are increasingly
which wooden architdure, familybased framed not as policy aspirations but as
agrotourism households, regional gastronomyopperational necessities for lotgrm mountain

and, still observable in certain rural nods,tourism viability (Gherdan et al., 2025) [12].
forms of horsedrawn mobility coexist with Based on what was mentioned previously, the
heritage assets such as the historic steastudy engages dimension that remains only
rail way departing f paniatly explored evithin tlieeschol&rship on

( Gi ambaHu H3] Tlese.elemetd Rdnpnian mountain tourism. Previous studies
should not be interpreted as marginal orhave documented the expansion of tourism
folkloric curiosities. because they activelyact i vi ty i n Mar amur e H,
structure the experiential economy of theauthenticity of its protected and rural
region and shape visitor expectationsdestinations, and ¢ broader trajectory of
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mountain and agritourism development acrossinpredictability that now shapes winter
Romania (R dul e s c u ; Ratterathl., ,tourdsh 1 Bynamics in many mountain

2025) [23, 5]. Far less attention, however, haslestirations [11].

been directed toward wintseason hospitality Hospitality management is therefore not
management understood as an integratetteated here as an isolated internal function of
operatonal configuration, one in which i ndi vi dual enterprises.
staffing arrangements, procurement practicespperates as a territorially embedded practice,
activity design, infrastructure bottlenecks, andone contingent upon the density of
sustainability decisions become tightly relationships linking accommotian
interdependent under seasonal pressurproviders with local food producers, cultural

(Ai nsworth et Pur s, e&f@ganizerd rsla mffastructaré opekatosc €
2019) [1, 3]. The analytical question isi n Bor Ha, transport acc:e
therefore not wh et hahe swhbalia reconoeniH ofa authenéictyt s
visitors during the winter season; the evidencesustained across villages of the Iza Valley [9].
from Bor Hads ski d o nThese intadependdandiesattec lbetause rtha | | y
oriented guesthouse networks extendingeffectiveness of winter hospitality cannot be
through the lza Valley already confirms explained solely at the level of the guesthouse
sustaineddemand (Popescu, 2016) [21]. Theor hotel unit; it emerges from the broader
more consequential issue lies elsewhere: howocicspatial configuration in which tourism

local hospitality enterprises reorganize theirservices are produced and experienced.
operational systems when winter Without this wder territorial perspective,
concentration intensifies labour demandstraditional mountain destinations face a
compresses supply chains, and amplifiedamiliar risk: economic competitiveness
infrastructural constraints, and which achieved at the cost of cultural dilution and
managerial configurations, under thesemounting ecological fragility.

conditions, generate more resilient outcomes.

The paper is structured around threeMATERIALS AND METHODS

interconnected objectives. First, it maps the

dominant management practices employed byrhe study employs a mixedethods design
hospitality operatorsni  Mar a mu r e 'H appopriatenfer a mdurtain destination shaped
winter season, practices shaped by théy pronounced winter seasonality. Empirical
compressed  operational rhythms thatobservation concentrates on the mountain and
accompany peak demand. Second, it evaluatgtibmo unt ai n tourism area
how these managerial configurations translat&ount vy, wi t h particul ar
into visitor outcomes, particularly in relation Vi 'Heu de Sus, andesPoi e
to perceived servicequality, satisfaction selected not simply as geographic references
levels, and the propensity for repeat visitationbut as nodes within a differentiated winter
Third, it examines whether wintseason tourism system because each reflects a distinct
hospitality management contributes to broadep per at i on al configurati
territorial resilience and to the lotgrm  ski-driven visitor flows around its lift
sustainability of the destination economy. Thei nf r a st r u c t uanchors extirsibe u d e
timing of this analysis is therefore far from and heritage mobility, particularly through the
incidental, as recent climatic instability acrosswell-known steam railway corridor; Poienile
European mountain regions has intensifiedzei and neighbouring settlements across the
ongoing debates regarding the future viabilitylza Valley remain embedded in villagased

of snowdependent tourism  systems, hospitality, where agrotourism households
particularly in light of the severe coldnd structure the igitor experience around

heavy snowfall episodes recorded in Romanigveryday rural practices. Together, these
during February 2025 which, although theylocations illustrate  the  socigpatial
temporarily stimulated winter visitation, at the distribution of winter tourism demand within

same time underscored the increasinghe county.
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The selection of the three spatial nodeshybrid agritourism establishments operating
followed a clearly defined territorial rationale, across the study area.
intended to reflect the internal diversity of the The qualitative component comprised 20
winter tourism syst esemistructukkd rirkemiews ecbnductedn withe a d
of pursuing a strictly probabilistic sampling local managers and property owners.
strategy at county level, a form of purposefulinterviewees wer selected purposively to
representativeness was opted for, one thatapture variation in operational scale, business
ensures the inclusion of thmain functional model, and spatial positioning within the
configurations shaping tourism activity in the regional tourism system. The final interview
region:the skioriented concentration of structure, therefore, included small familyn
demand in Bor Ha, t h e guesthouses docated inatraditionalewvillagésa g e
based dynami cs of V imeeumsized eruralSperssipns iategdatedt iritoe
village-centred, experienegriven hospitality local  supply  networks, sladjacent
characteristic of th I1za Valley, whichiswhy accommodati on uni ts oper
the sample does not claim statisticalwinter tourism corridor, and hybrid
representativeness in the narrow sense, but @stablishments combining lodging services
does capture the structural variety throughwith food provision and evetitased cultural
which the destination actually operates. programming Chiciudean et al., 2023) [10].
At the same time, the size of the dataset lendResearch instruments
additional weight to the analysis. The 300 The tourist questionnaire broke down into
tourist responses and the 100 provider ofour main parts: their travel background, how
manager inputs were collected during the peakhey rated service quality, overall satisfaction
winter season, a period when operationabnd loyalty, and views on sustainability and
pressures are at their highest and managerialuthenticity. Within the analytical perspective
responses become most visible, a factor thaadopted in the study, authenticity is
allowed the study to reflect real conditions of approached as a construct that can be
strain rather than routine functioning. Equally observed, interpreted, and measured. To make
important is the dual perspective embedded irthis possible, it was operationalized through a
the design because by bringing together thaeries of Likerscale items structured around
views of tourists and those of accommodatiorthree interredted dimensions. The first refers
providers, the analysis gaiadayer of internal to material authenticity, visible in elements
consistency, making it possible to comparesuch as the use of locally sourced food, the
perceived service quality with the practicespresence of traditional architectural features,
that generate it. This overlap strengthens thand design choices that remain consistent with
overall credibility of the findings and supports the regional identity. The secondnunsion,
a more grounded interpretation of the results. experiential authenticity, captures the extent
Study population and sampling to which tourism activities are rooted in local
The research population consisted of twoculture, including the integration of winter
groups observed during the winter seasorraditions, customs, and plaspecific
2024 2025: tourists staying in the destination experiences into the overall hospitality offer.
and hospitality providers or managersThe third dimensionrelational authenticity,
responsible for accommodation operationsreflects the human side of the experience,
The quantitative component targeted 300 namely the quality of interaction between
tourists and 100 providers or managershosts and guests, the perceived sincerity of
Tourist responses were collected through &ervice, and the degree to which hospitality
combination of intercept questionnairesfeels embedded in everyday local life rather
administered osite within the checlout than artiicially staged.
process, while the provider responses wer@ aken together, these three dimensions were
obtained through direct ngagement with combined into a composite perception index,
hotels, rural pensions, guesthouses, andhich made it possible to incorporate
authenticity into the quantitative component
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of the analysis. In practical terms, this alloweddistinguish between different types of
us to examine howdifferent forms of hospitality units, from skoriented
authenticity relate to key outcome variablese st abl i shment s |l ocated
particularly within the regression model andguesthouses situated within the rural
the correlation structures linking experiencesettlement networks of the Iza Valley.

design to tourist satisfaction and loyalty. Pearson correlation  coefficients  were
For satisfaction, we paired a straightforwardcalculated to explore the assomat between
10-point Net Promoter Score, asking how selected management practices and indicators
likely they would recommend the place, with related to visitor loyalty. The objective was to
a five-point Likert scale for an insightful identify whether certain operational choices,
analysis into the winter stay specifics. Thatparticularly those concerning workforce
scale zeroed in on five key management areasirganization or the use of locally sourced food
staffing setups, sourcing food and supplieproducts, tendto coincide with stronger
locally, weaving in winter activities, getting signals of visitor retention and
around via infrastructure, and sustainabilityrecommendation (Nijloveanu et al., 2024)
efforts, which added up to 24 items gauging[18].

how well operations held up under seasonallhe third stage involved the estimation of a
strains. multiple regression model designed to identify
The provider questionnaire followed the samethe main determinants of tourist satisfaction.
thematic structure bubcused on managerial In this speification, overall satisfaction was
conditions, including staffing arrangements,treated as the dependent variable, while the
procurement practices, occupancyexplanatory variables included the five
fluctuations, and winter adaptation strategiesmanagement pillars together with perceived
particularly relevant in skilriven locations weather suitability and vald®r-money
such as Bor Masedguesthouse ewaluhtiors,gfactors that frequently influence
networks acrosshe Iza Valley. Instrument tourst perceptions during winter seasons
reliability was t est ehdracteszedrbygclin@ticovaridbaitg (Rapaescua | p |
with a threshold above 0.80 indicating strong2021) [22]. In order to capture structural
internal consistency (Tavakol and Dennick,diversity among accommodation providers, a
2011) Pp7. The qualitative component hierarchical cluster analysis was also
complemented the quantitative analysisconducted, which grouped hospitality
through thematic coding of interview businesss according to several operational
transcripts using the framework proposed byattributes, including staffing flexibility, the
Braun and Clarke (Braun and Clarke, 2006)intensity of local procurement, the integration
[22]. of winter activities into the service offer, and
Data analysis the adoption of sustainability practices. The
The quantitative phase of the research reliedesulting clusters helped real distinct

on a set of complementary analytical organizational configurations within the
techniques designed to capture both theegional hospitality landscape.

structural characteristics of the hospitality The last step was a simplified ARIMA
sector and the behavioural patterns of winteprojection that was applied to outline a
visitors. The analysis integrated descriptivemediumiterm trajectory of winter occupancy
statistics, correlation analysis, multiple toward 2030, using recent courgvel
regression modelling, cluster analysis, andourism dyamics as a reference point.
demand forecasting  to obtain a ARIMA models continue to be widely
multidimensional perspective on tourism employed in tourism forecasting because they
dynamics in the study area. allow the simultaneous consideration of leng
Descriptive statistics were employed toterm trends and pronounced seasonal patterns,
outline the general profile of both tourists andtwo features that strongly characterize tourism
accommodation providers operating across thdemand m mountain destinations (Petrevska,
region. This overview made it possible to2017) [19].
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RESULTS AND DISCUSSIONS somewhat different development pattern.
Here, tourism activity revolves primarily
Descriptive profile of winter hospitality in  ar ound t he Mgaademnaiweg narr
Mar amur e'H the surrounding mountain scenery, and a
The composition of the sample reflects thewinter tourism offer that combines excursion
mixed and somewhat heterogeneous nature dfased mobility with shorter leisureags.
the local tourism economy, where, on
averaye, visitors reported a stay of 2.8 nights,Table 1. Descriptive statistics for the winter 2@&825
an aggregate figure that masks notable spatig2mple

Tourists (n=300) / Mean /

differences in travel behaviour across the Indicator Providers (n=100) | Share

destination (Table 1). Shorter visits tend to Avefaiii'egtgsgh of stay Tourists 238
cluster around Bor Haj N‘Q{l%}o%otgrsecoret Uu'll'ouiristsb m d4i,t I vity
is strongly structured by sknfrastructure, lift

schedules, and snow conditions. By contrasg, ©verall satisfaction (&) Tourists 431

slightly longer stays are more common in| Perceived authenticity of Tourists 4.47

experience (b)

V| 'He u d e Sus an d W| t I ilmﬂrtanc@ono@lfoodﬁm i

Valley, where the tourism experience extends stay decision (%)
Properties using seasonal st

eS| & |t he |

beyond winter sports to include encounters (%) Providers 58%
with traditioral gastronomy, local heritage, | Properties sourcing over 409 Providers 54%
. of food locally (%)

and rural cultural practices. _ _ Properties offeringrganized o ovders o
Responses from accommodation providers winter cultural activities (%)

point to a similarly differentiated operational e e oy " €| Providers 56%
enwronment. In  many cases, hospitality Averggc? \errLtzr ocgullf)aLTcS)/,t Providers 67%
services rely on sm_all, famease(_:i labour Average winter occUpancy, ——— _—
structures that combineccommodation, food Vi Heu cl ust

preparation, and guest interaction within g Average winteroccupancy, Providers 48%
. . village-tradition cluster (%)

single household economy, while ["Mean publicly visible review Secondary data 9293
establishments | ocatjesdor e |sglgegy t o Bo aods

. - “Mean publicly visible review
winter sports facilities often depend oOn| score, sel ec| Secondaydaa 9295

temporary seasonal workers to sustain th€our ce: Authorsé calculations
h . . . from Booking.con{7, 8].

winter demand, including housekeeping,

restaurant service, guest transport, and th

coordination of recreational activities.

Taken together, these patterns highlight ar

structural feature frequently - observed Insnow availability. Instead, visitor demand is
mountain tourism destinations. haped b e)>/<. erience’s associated with
While winter seasons generate significanlts » y  expe

raditional hospitality, local gastronomy, and

spikes in visitor flows, the organizational e symbolic attraction of what many tourists
capacity required to manage these surge@ y y .
erceive as an fauthenti

often relies on labour arrangements that aré

temporary, flexible, and inherently unstable. gﬁigrgrlmaﬁitrtlmi% ng\tltri]r%%:]e d;[:tlgl 'gtergragnt
The occupancy dynamics observed in the y app

study closely reflect the spatial configuration When examining aggregate tourism indicators,
of the destination. it represents an important structural

Bor Ha attracts the ﬂ% rer |oa\n/0retr?1(:1'|rr|gllst$8:1 II CCscr)easonael I:e{ltq:tsaq ()
of winter tourism demand, largely due to the 9 gy y

presence of ski infrastructure and relatlveIyse‘rjlsonaIIty 's spatly distributed rather than

reliable snow conditions, which tend to U niform. A clearer compar

intensify visitor flows whenever the weather an_d the Iza Vallety _helpts _brlng this _mtertnal h
becomes favourabibwsa @1 HEG" GRUisgl! n i1 nto sh:
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functions as a higintensity, infrastructure quality of regional food. Infrastructure and
led tourism node, where visitor flows tend to accessibility, by contrast, received the lowest
follow the rhythm of snow conditions, ski scores. The pattern is particularly visible
capacity, and short, activiigriven stays among visitors arriving from outside the
centred on winter sports. By contrast, the Izacounty and among guests travelliniyring
Valley reflects a much softer, experience heavy snowfall without private transport,
oriented configuration, where demand is lessircumstances under which access constraints
tied to snow reliability and more closely become immediately tangible.

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. I n Bor Ha,
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 bete/e hosts rig 1. Radar chart of service quality pillars

and guests, and practices rooted in the locsdour ce: Aut horso6 el aboration
community become the main sources of value.

Taken together, this dual structure suggest¥his distribution becomes analytically more

t hat Mar amur eH i s b e madasngful when oensidered togethenwath thea s
uniform winter destination, but as a compositeunderlying evaluation scores. The average
system in which patfiel tourism economies tourist ratings for the main service quality
coexist and evolve side by side. dimensions during the winter tourism season

The occupancy ranges considered inthisstudy n Mar amur e H Co udetng:. r e v
are consistent with the current dynamics ofwinter activity integration (4.52), supply

the destination. Indicators from digital chains and the availability of locally sourced
booking platforms suggest persistently highfood (4.44), workforce and service attitude
levels of visitor satislat i on i n b o (4128),Bsustaidabilita prectices (4.06), and

Vi Heu de Sus, whi | e ioffastructure qublity (301) (Fig.yl). la tmany i st
point to improved tourism performance during established ski desttions, visitor

2024. In this context, an estimated wintersatisfaction is largely shaped by infrastructure
accommodation interval of approximatelyi45 performancé factors such as lift capacity,
70% occupancy f or t htanspod lodikics, orlslapg toanectivityeoften b e
regarded as realistic analytical range foradomi nat e evaluative fra
mixed sample of establishments, particularlyappears to follow a somewhat different

when periods of peak demand, such aslevelopment logi. Here, the composition of
weekends, holidays, and snoieh weeks, are the visitor experience retains greater
distinguished from the considerably quietersignificance than the scale of physical
midweek segments that characterize much oinfrastructure, and hospitality practices

the winter season. centred on authenticity can, to a certain

The five management pillars extent, compensate for infrastructural

The radaiprofile analysis indicates a clear shortcomings.

hierarchy among the evaluated dimensionsThis obseration does not diminish the

where from the tourist perspective, winterimportance of infrastructure. Rather, it
activity integration emerged as the mosts uggest s t hat t he dest
positively rated pillar, closely followed by positioning remains closely linked to the

local sourcing practices and the perceiveddesign and delivery of culturally embedded
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experiences rather than to purely technicatorresponds to a 0.31 rise in oJera
expansion. satisfaction, foll owed b
Evidence from the interview material supportsO . 2 8 ) and wor kf orce gua
this interpretation. Accommodation managersAlthough infrastructure remained statistically
repeatedly indicated that winter demand tendselevant, its effect diminished once

to stabilize most effectively when lodging authenticityrelated variables were introduced,

services are integrated into a broadersuggesting that in destinations bBucas
experiential framework that goes begothe Mar amur e H, t he coherence
basic accommodation offer. experience may weigh more heavily than

In practice, successful packages frequentlyphysical capacity alone (Table 2).

combine traditional evening meals, horse

drawn sleigh rides when snow conditionsTable 2. Multiple regression predicting overall tourist

permit, guided participation in winter Satisfaction

Standardized p-

customs, small craft demonstrations, and Predictor Beta value
organized transfe toward the ski facilities in Workforce management quality 0.24 <0.01
y . JLocal sourcing/supply chain qualit] 028 | £0.00L|, .
Bor Ha or excursion At twhiePadtivily intedribh S atog undy Y1 Heu
de Sus (F|g 2)_ Infrastructure and accessibility 0.18 <0.05
Sustainability practices 0.14 <0.05
Weather adequ_acy perceived by 0.21 <001
tourists ) )
Value for money 0.26 <0.001
Model summary: Adjusted R2 = 0.58
Source: Aut horsé calculations

data in R statistical software.

The model explains approximately 58% of the
variance in tourist satisfaction, a level of
. explanatory power that is reasonable
destinations where the hospitality product
results from the interaction between
managerial practices and environmental

F|g. 2. Bubble dlagram_ of key factors llnfluencu)g conditions. . Althouah weather conditions
winter tourism hospitalidt aram

M [ .
Source: Aut hor so elaborae%/(qrtlg‘ﬂarﬁe@ﬁ§% er'?c;'f enﬁeughﬁth%pqtve

interview coding. dominate the regression structure. This
finding is analytically significant, as it
The thematic coding of interview responseschallenges the simplified assumption that
revealed several recurring analytical clusterswinter tourism performance in mountain
including the structuring of authenticity as aregions depends exclusively on snow
tourism product, the importance of operationalavailability.
flexibility, and the dense community The strongest bivariate relationship observed
connections that link accommodatianits to  in the tourist dataset linked the integration
the wider cultural economy of the Iza Valley. local food products with behavioural loyalty (r
Satisfaction, loyalty, and operational = 0.72) (Fi g. 3) . Wi t hi
predictors context, this association is not coincidental.
The quantitative model suggests that adaptivgood functions not merely as a supplementary
hospitality practices have a measurableservice but as a visible expression of locality
influence on tourist loyalty. Accommodation through  which visitors ierpret the
units combining flexible staffing, locally authenticity of the destination. Elements such
sourced food offerings, and wfitegrated as traditional breakfasts or locally sourced
winter activities recorded higher ingredients signal whether the hospitality
recommendation scores. experience is genuinely embedded in the local
Regression estimates indicate that a-on&  environment or simply reproduces a stylized
increase in the activity integration dimensionversion of rural iéntity. From a managerial
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perspective, it suggests that local sourcinglifferences within the destination economy.
should be understood not only as aThe results instead point to three dominant
sustainability practice but also as an importanbusiness configurations, each defined by a
mechanism for building visitor trust and distinct combination of service integration,
strengthening destination credibility. experiential design, and market positian
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Source: Authorsd elaborab0dhc &ashut hoonr stdo er iadtor atii ¢ @)

data.

. Figure 4 presents a conceptual positioning
The Net Promoter Score analysis furthergiagram derived from the cluster profiles. The
supports this interpretation, where the besthorizontal axis represents the relative level of
performing  group  of accommodation service integrationacross the five pillars,
providers reached an estimated NPS ofyhile the vertical axis reflects customer

approximately ~ +58, ~ whereas ~ more |pyalty outcomes. The coordinates serve as an
standardized operators recorded values clos@kterpretive visualization rather than raw

to +33. One factor that appears to contributgyytputs of the clustering algorithm.

to this difference is Staffing fIEX|b|||ty The first C|uster, Adaptive tradition
Establishments that relied on crdeasined_ integrators occupies theppetright quadrant,
personnel, supplemented their workforce withindicating both strong service integration and
family members during peak periods, or drewnigh |oyalty outcomes. These businesses,
on locally available temporary labour, often familyrun guesthouses across the
especially during winter festival events, Wereyjillages of the Iza Valley, embed local food,
better able to manage fluctuations in demandyinter customs, and smadtale cultural
Compared  with  more rigid affing  experiences into he hospitality product.
arl’angements, this Operational f|6X|b|I|ty WaSAuthenticity functions here as a central
associated with NPS levels roughly 25% competitive resource.

higher, where the advantage was not limitedskioriented volume operatorsthe second

to economic efficiency; it was also reflected clyster, show moderate service integration but
in improved service responsiveness, shorteg|ightly lower loyalty scores. Concentrated
waiting times, and more pemaized mai nly around Btore Heird s
interactions with guests. performance is closely contingent upon snow
Cluster analysis: three business models  ¢onditions and seasonal visitor surges. Higher
To better reflect the diversity of winter wmover and booking visibility replace deeper
hospitality provider %Xpéri@ntiaMﬁe@raﬂwr eH County,
cluster analysis was undertaken in order tgpgssive accommodation provideappear in
identify establishments that share similarihe |owerleft quadrant, reflecting rited
Operational . CharaCthiStiCS. ConSid.eringservice integration and weaker |0ya|ty
accommodation providers as a uniformoytcomes, units that typically offer basic
categgory would conceal important structural lodging and depend more heavily on price
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competition than on differentiated winter from a  different logic: = moderate

experiences. modernization combined with a hospitality
Comparati ve posi ti omystang that revhaims avisibly lecHl, socially
Apuseni, and Alpine Benchmarks embedded, and culturally legible to visitors.

Acompar ative benchmar kForgrastngte 2030Mar amur e 'H

in an intermediate but analytically revealing ARIMA projection based on recent county
position within the European mountain dynamics suggests cautious growth in winter
tourism landscape. The county appears tomccupancy toward 2030, provided that
outperform Apuseniype rural destinations in adaptation mechanisms continue to evolve.
the cultural integration of winter hospitality, The model does not assume a single
yet it remains behind Alpine benchmarks indeterministic  trajectory; instead, three
infrastructure readiness, transportplausible pathway  are considered:
coordination, and formal sustainability continuation of current trends, an adaptive
governance. The advantage over the Apusemanagement scenario, and a highedatility
region does not derive primarily from sceneryclimate scenario reflecting increasing weather
or accommodation capacity. It lies in the instability.

densityof living winter traditions and in the
tighter coupling between gastronomy, ritual e
practices, and destination identity. Within
such a configurati
scores around 15% higher than Apuseni ir
terms of cultural integration.
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Fig. 6. Forecast trend line chart of winter tourism

Relative benchmark score (index)

occupancy in MaramureH to 203C
Source: Aut horsé el aboration
data.
iagts St':r:édm‘ ovemance’ Under the baseline pathway, winter
m varamures mmm Apuseni mmm Apine benchmarks occupancy follows a gradual upward trend. If
Figg 5. Comparati ve posi ti oncuriemt patternsmafr destinaton , promotion,
Apuseni and Alpine destinations accommodation development, and visitor

Source: Aut horsdéd el abor aaérﬁhﬁd lbéréiﬁdwiﬂ’\é‘ut tn?a]bfisﬁﬁ[msurvey

data. . .
adjustments, average winter occupancy may

Alpine destinations, however, continue to"S€ from roughly 55% in the early 2020s to

dominate on structural dimensions: transpor@Pout 61% by 2030 (Fig. 6). This pattern
efficiency, environmental monitoring siems,  corresponds to steady but moderate growth
consistent with the broader regional tourism

and destinatiothevel coordination _ :
frameworks remain far more advanced (Fig.rajéctory observed across north&omania.
5). The adaptation scenario produces a more

This intermediate positioning should not bef@vourable outiook. Where product integration
interpreted as structural weakness. On th&€epens, digital visibility improves, and basic

contrary, it may r &'BNSROTE acgessibility, pagticulaglystowarg ey o
strategic opening beScKaiusieNfMASdhHCedMT §o 8¢
not need to replicate the Alpine developmen€ © 7 r'i dor s —ar wsucordinuegitoHe u

trajectory; its competitive advantage emergesStrengthen, occupancy among the better
performing segments could reach
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approximately 63 to 65% by 2030. The customs, small craft encounters, excursions
implication is notable: targeted managerialt o wa r d Bor Haods s ki i nf
adaptation may generate additional growthher i t age corri dor ar ounc
without requiring largescale infrastructural in a different comgtitive space. Meaning, not
expansion. capacity, becomes the differentiator.

By contrast, the higholatility climate Digital tools represent another underused
scenario produces a markedly differentlever. Al-assisted booking responses, dynamic
pattern. Demand oscillates around a relativelyexperience packaging, multilingual paerival

flat longterm trend, reflecting growing communication, and systematic review
uncertainty in snow reliability and winter analytics could &w small family properties
weather conditions. The projecteédhjectory to  professionalize operationally  while
does not indicate collapse; rather, it reveals @reserving the personal character that defines
sequence of recoveries and temporaryMar amur eH hospitality.
contractions, an expression of increasinglycontext, functions as operational support
volatile temporal windows for winter tourism rather than cultural substitution.

activity. Environmental manageme deserves similar
Taken together, the scenarios suggest that thettention. Gradual introduction of eco
future perfemance of winter tourism in certification and basic resource monitoring,
MaramureH wil/l d e p e padticuldrlye ®rs wasten water,i ang lergergy
demand expansion and more on the adaptiveonsumption during peak winter periods,
capacity of the hospitality system itself. would align the  destination  with
Selective modernization, therefore, becomegsontemporary mountain tourism stard&r
critical. Excessive infrastructure expansionwithout undermining its cultural identity.

risks eroding thecultural authenticity that Finally, governance structures require
differentiates the destination; insufficient recalibration. Promotion alone cannot sustain

investment, however, may reinforce competitiveness. Effective winter
infrastructure bottlenecks and underminemanagement demands coordination across
travel reliability. The strategic challenge liesmul t i pl e syst ems: road

precisely in navigating this narrow corridor: snow &ents, coherent signage across the Iza
strengthenig operational resilience while Valley tourism corridor, synchronization of
preserving the socially embedded hospitalitywinter festivals, producer supply networks,
practices that c ont i and eseadomal labeuf suppert. Whheut suehg i o
tourism identity. coordination, the systemic friction created by
Practical applications concentrated winter demand is simply
Local sourcing should be treated bydisplaced onto individual guesthoudean
accommodation providers as a strategic pillaarrangement that few smatale operators
rather tha a decorative gesture. Its effectscan sustain indefinitely.

extend beyond menu composition: loyalty

formation, destination reputation, and local CONCLUSIONS

economic multipliers converge around the

same practice. When hospitality businesses iiThe analysis indicates that winter hospitality
the villages of the lza Valley integrate i n Mar amur e'H demonstr a
regiond food chains into everyday service resilience where managerial flexibility
routines, the outcome is not merely culinaryintersects with locally embedded practices.
differentiation; it becomes a signal of Businesses capable of adjusting staffing
territorial authenticity. structures to seasonal demand, maintaining
Winter experience packaging also requiresadive relationships with regional food
greater managerial coherence. Establishmengroducers, and embedding authentic winter
offering only lodginginevitably compete on experiences into the guest offer consistently
price; those that assemble layeredachieve stronger outcomes in both satisfaction
experiences, traditional dinners, guided winterand loyalty metrics. Within the analytical
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model developed here, these operationatkven if they manifest with different intensities
combinations correspond to higher Netand under distinct structural conditions.
Promoter  Scores, clearer repgdit Also, the transferability of the model should
intentions, and  comparatively  stable be understood as conditional rather than
occupancy levels approaching roughly 65%automatic. In regions where cultural cohesion
under favourable adaptation conditions. is weaker, where local supply chains are less
Equally important, the results challenge theintegrated, or where tourism development
reduction of winér competitiveness to snow relies more heavily on standardized

availability or ski infradtrucure,t similar toutaorees a&dnmon be. Bo
undeniably functions as a central demandassumed. For this reason, the model is
generator ; yet t h e intepretadnnbtya® a readyade rfonnwila, ut a |

advantage lies in the coexistence of severahs a onceptual and analytical framework that
experiential layers: skiing, heritage can inform comparative research and support
landscapes, regiah gastronomy, and village more nuanced policy design. Its broader
based hospitality networks extending acrossontribution lies in drawing attention to a key
areas such as the lIza Valley. This compositénsight: in seasonal tourism environments,
winter product helps explain why loefod resilience is shaped less by scale oraggmon,
integration and experiential activity designand more by the degree to which economic,
emerged as stronger predictors of visitorcultural, and social resources are meaningfully
satisfadon than infrastructure variables interconnected.

alone. From a research perspective, the findings
Resilience, however, remains conditional.suggest that mountain hospitality systems in
Infrastructure bottlenecks, labour shortagesEastern Europe are better understood through
and rising operational costs continue toterritorid frameworks rather than through
Impose constraints on service quality,isolated accommodation metrics. Service
particularly during short and volatile winter operations, cultural assets, and local supply
demand windows. Weather dependence alschains form a tightly interlinked system, one
persists as a structural factor, even if adaptivéhat shapes both visitor experience and
management practices can partially buffer itsdestination resilience. Policy implications
effects. Tradition, in other words, does notfollow directly: selective infrastructure
operate as a sufficient condition for success. limprovements, stronger destinati@vel
becomes economically effiaee only when coordination, and support mechanisms for
combined with flexible operational locally embedded hospitality businesses
management capable of navigating seasonappear more promising than largeale
volatility. standardization strategies. For practitioners,
An important issue that emerges from thethe lessonie qual |y cl ear. Il n M
analysis is the extent to which the modelmost competitive winter hospitality model is
developed here can be applied beyondot the most standardized one; it is the one
Mar amur e'H County. that hteanslatep docatity, gastroaamy, ritual
configuration observed in this region is practices, and community linkages into a
shaped by a strong concentration of preservedonsciously managed source of value.
traditions and welfunctioning villagebased

hospitality networks. At the same time, theREFERENCES
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Abstract

Agrotourism represents an important component of sustainable rural development, particularly Hvaroess
regions characterized by shared cultural heritage, similar natural resources, and potential for cooperation. This
study analyzes the developmenagifotourism in the Romarii®epublic of Moldova crodsorder area, focusing on
tourism indicators, spatial distribution, and comparative dynamics between the two couhfrgesomparative
evaluation developed in this paper uses quantitative informatimacted from national statistical reports available

in Romania and the Republic of Moldova for the years PR034, supplemented by findings generated through the
CROSS2MAP project (ROMDO00389)o examine agrotourism dynamics in the selected area, tharchse
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 thparities 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 Repubi 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 |stotimsa

such as investment capacity, infrastructure, and institutional support. At the same time, the study highlights the
potential for crossborder cooperation, based on complementarities between the two countries. The research
contributes to a betteunderstanding of agrotourism dynamics in crbssder regions and provides relevant
insights into the development of integrated policies aimed at supporting sustainable rural development.

Key words agrotourism, border regions, rural developmesrgssborder cooperation, spatial distribution

INTRODUCTION In this context, rural tourism is widely
recgnized as a key driver of regional

Rural areas have increasingly gaineddgvelopment, particularly in egonomigqlly
importance as tourism destinations due tdliSadvantaged areas, by generating additional
their capacity to provide authentic NCOMe, supporting local entrepreneurship,

experiences, natural landscapes, and cultur@"d ~ €nhancing  the  soeewonomic
heritage elements that differentiate them fromftiractiveness of rural communities [7], [8],
urban environments. This growing interest 21]. _ .
refleds a structural shift in tourist preferences”\drotourism  represents a specific and

toward experiential and sustainable forms ofdynamic —component of rural tourism,
tourism which  contribute  to  the combining agricultural activities with tourism

diversification of rural economies and the S€rvices and facilitating direct interaction
capitalization of local resources [1], [2]. between visitors and rural environments. This

form of tourism supports the
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multifunctionality of rural areas, integrating RomanidRepublic of Moldova crosborder
economic, environmental, and socialregion is represented by the existence of a
dimensions, while contributing to sustainableshared sockeultural background, which
development processes [2], [8]. facilitates interaction between local
Moreover, agrotourism plays a significant rolecommunities and visitors.

in preserving local traditions, promoting Communities situated on both sides of the
cultural identity, and temulating  Prut River retain numerous soaltural
entrepreneurial initiatives, thereby similarities derived from a shared linguistic
strengthening the resilience and cohesion obackground, comparable religious practices,
rural communities [7], [9], [22]. and longstanding historical interactions. These
Recent studies also emphasize its contributiocharacteristics facilitate ingeersonal

to value chain development and the promotiorcommunication and support the development
of local gastronomic heritage, whielmhances of coordinated tourism initiatives capable of
the overall tourism experience and supportstrengthening the attractiveness of the cross
local economies [10], [11]. border area. The preservation of local
The development of rural tourism is traditions and cultural continuity contributes
increasingly influenced by broader regionalto the creation of distinete tourism
and global dynamics, including creserder experiences with regional competitive
cooperation, economic integration, and policypotential. Nevertheless, the political and
frameworks aimed at territorial cohesion. administrative separation of the two territories
Border areas generate both advantages araVer time has resulted in differences regarding
challenges for the expansion of tourisminstitutional organisation and economic
activities. The proximity between development patterns, evémough important
neighbouring territories, together with their elements of cultural cohesion have remained.
cultural affinities, comparable environmental This duality creates both opportunities and
resources and longstanding historical challenges  for  crosgorder  tourism
interactions, may facilitate the implementationdevelopment. Increasing attention has been
of integrated tourism initiatives. directed toward the role of innovation, digital
On the other hand, structural challenges suckechnologies, sociahnovation, and strategic
as insufficient infrastructure, limited visibility cooperation in improving tourism
of tourist attractions, and fragmented competitiveness and supporting sustainable
institutional frameworks may hinder the rural economies [4], [6], [10].

effective exploitation of tourism potential [5], The integration of digital tools, including
[16], [20]. online platforms and geographic information
The RomanigRepublic of Moldova cross systems, contributes to improving het
border area represents a relevant case fasisibility of tourism destinations, facilitating
analysing these dynamics, due to its sharedccess to information, and supporting more
historical background, cultural sikarities, efficient destination management.

and geographical proximity. Previous studiesin this context, the CROSS2MAP project
highlight that this region benefits from represents a relevant example of digital
considerable tourism potential, particularly ininnovation in cros$order tourism, providing
rural and agrotourism segments, but remainan interactive platform for mapping and
insufficiently capitalized due to constraints promoting tourism resources in the Romania
related to infrastrudtre, investment capacity, Republic of Moldova border area [14].
promotion, and service quality [1], [7], [12]. In addition, the associated mobile application
Furthermore, sockeconomic factors, serves as a practical tool for data collection,
including education levels and functional visualization, and dissemination of tm-
illiteracy, may influence the capacity of local related information, being used as a
stakeholders to effectively develop andcomplementary research instrument in the
manage tourismdivities [3]. An important present study [15]At the same time, the
advantage of tourism development in theincreasing use of artificial intelligence (Al)
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and datadriven technologies is transforming In addition, official reports and policy
the tourism sector, including rural tt&m and documents issued by national authorities,
agrotourism. regional institutions, and international
Al-based tools contribute to improved organizations were examined to idef the
destination management, personalized tourisntheoretical and institutional framework of
services, and more efficient marketing rural tourism and agrotourism development.
strategies, enhancing the visibility and The theoretical foundation of the research was
competitiveness of rural areas. The integratiorestablished through an extensive review and
of digital solutions B0 supports evidenee comparative interpretation of academic
based decisiomaking processes and contributions focused on rural ourism,
facilitates better resource allocation, which isagrotourism, and crodsorder interaction.
particularly important in regions with limited This methodological perspective supported
administrative and financial capacity. Despitethe examination of the variables influencing
the growing interest in rural tourism and tourism evolution, including socieconomic
agrotourism,there is still a need for more conditions, territorial characteristics, and local
integrated analyses that address the compledevelopment particulares.

interaction between tourism development,In addition, it enabled the incorporation of
agricultural  activities, and crod®rder complementary analytical viewpoints
cooperation mechanisms. Moreover, empiricabssociated with regional development, such as
data from official statistical sources, such asthe valorisation of local resources, community
the National Institute of Statistics (Romania) participation, and cooperation mechanisms
and the National Bureau of Statistics specific to neighbouring borderrtgories.
(Republic of Moldova), remain essential for The analytical component of the research was
understanding  tourism  dynamics andcarried out using statistical datasets released
territorial disparities [16], [17]. by the National Institute of Statistics (INS) of
Reliable data from reputable statistical Romania and the National Bureau of Statistics
agencies, such ashd National Institute of (BNS) of the Republic of Moldova. Romanian
Statistics in Romania and the National Bureawata wereextracted from the TEMPQnline

of Statistics in the Republic of Moldova, platform, which provides continuously
remain essential for understanding tourismupdated indicators organised at national,
trends and persistent gaps across territoriesegional, and county levels. For the Republic
[16], [17]. of Moldova, the study employed statistical
Therefore, the aim of this paper is to gsa information disseminated through official
the role of agrotourism in supporting rural reports and lectronic databases published by
development in croslsorder regions, with a BNS. These sources ensure a high level of
particular focus on the RomainRepublic of reliability and comparability of the analysed
Moldova area. indicators.

The study seeks to identify key developmeniThe analysis covers the peri&020 2024
patterns, structural constraints, and strategipointing out the status in the final year and
directions or enhancing tourism allowing for both the assessmeritstructural
competitiveness and promoting sustainableehanges in agrotourism and a skerm

regional development. evaluation of recent trends. The main
indicators considered include the number of
MATERIALS AND METHODS agrotourism guesthouses, accommodation

capacity (measured in bed places), tourist
The bibliographic documentation was arrivals, and overnight stays. Thesdigators
conducted through a systematic review ofwere selected due to their relevance in
openaccess scientific literature identified in capturing both the supply and demand
well-established acaahic databases, dimensions of tourism activity.
including Google Scholar, Clarivate Analytics The collected data were systematically
(Web of Science), and ResearchGate. organized into a structured database and
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processed using descriptive statisticaland theoretical grounding, providing a solid
methods. and reliable basis for the conclusionsvana
The resilts were further illustrated through
tables, graphical representations, and thematiRESULTS AND DISCUSSIONS
maps to highlight temporal evolutions and
spatial disparities across the analysed region§.he RomaniaéRepublic of Moldova cross
The interpretation of the results was based oborder area illustrates a dual development
a comparative analytical framevko focusing pattern in agrotourism. While the region
on the RomaniaRepublic of Moldova cross benefits from cultural continuity and similar
border area. natural resources, significant differences
This approach enabled the identification ofpersist in terms of economic development,
development patterns and the assessment aifrastructure, and tourism capadity].
key structural factors, such as infrastructurg~igure 1 presents the spatial delimitation of
availability, investment capacity, and the study area. The map was generated using
territorial acessibility, which influence GIS techniques based on administrative
tourism performance. boundary data and spatial datasets
To enhance the robustness and validity of theorresponding to the RomanRepublic of
findings, the statistical analysis was Moldova boder area.
complemented by insights derived from theRomania registered a substantial increase in
scientific literature. agrotourism activities after becoming a
The integration of statistical evidence with member of the European Union, a process
conceptual and interpretative approaches supported by access to European funding
enabled a more complex evaluation ofmechanisms and investments in toursm
agrotourism evolution within the border related infrastructure. In comparison, the
region. Furthermore,  several digital Republic of Moldova recorded a more
instruments created under the CROSS2MARNoderate tourism expansion, although both
initiative were incorporated into the researchcountries benefit from relatively similar
process, mainly to supfddhe localisation and environmental and cultural tourism potential.
visual representation of tourism assets situatedhe Moldovan tourism sector continues to
in the analysed territory. The mobile face several structural obstacles, including
application associated with the projectinadequate infrastructure, limited financial
facilitated the collection, systematisation, andsupport for tourism initiatives, and a lower
examination  of  tourism information, degree of destination promotion.
improving the depthfahe spatial assessment. The analysis conducted in this study explores
Furthermore, elements of artificial agrotourism development in the crdssrder
intelligence (Al) were employed to support region through the comparative evaluation of
specific stages of the research procesgpurism indicators, territorial distribution, and
including data structuring, literature synthesis,regional development differences.
and pattern identification. The working hypothesis assumes that
The use of Albased tools fadthted the geographical proximity does not automatically
efficient processing of large volumes of generate higher levels of development, which
information and supported the identification are instead influenced by structural factors.
of relevant relationships within the dataset.The evolution of agrotourism in Romania
However, all Alassisted outputs were highlights a strong upward trend over the
critically reviewed and validated by the analysed period. The number of agrotourism
authors to ensure scientific rigoaccuracy, guesthouses increased from 1,348 units in
and consistency. 2008 to 3,578 units in 2024, representing a
Overall, the methodological approach adoptedyrowth of over 160% (Table 1).
in this study ensures a coherent integration ofThis dynamic reflects a  significant
guantitative analysis, spatial interpretation,transformation in the structure of rural
tourism, with agrotourism becoming an
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increasingly important component of the strong attractiveness of tourism destinations
tourism sector. (Table 2).

Table 2. Tourism activity indicatorsegistered in
Romania during the first quarter of 2025

Indicator Recorded valug
Tourist accommodation arrivals 2,496,720
3 Overnight stays in accommodation 4,773,158
) units

Source: National Institute of Statistics [19].

Y o The evolution of agrotourisninfrastructure

® Legend reflects the intensity of tourism demand
RorvasianCoutles within the region. At the same time, the
i e association between accommodation arrivals
e ene @nd overnight stays highlights both the growth
anen = s in tourist circulation and the increasing

duration of visitor presemec in rural
Fig.1. Spatial delimitation of the RomanRepublic of  destinations.
Moldova crossborder study area This reflects an improved capacity of
Sourceown processing based on GIS data [14], [15]. destinations to retain tourists, which is

Table 1. Evolution of agrotourism guesthouses inessentlal for the longerm sustainability of

Romania (20082024) agrotourism and for maximizing its economic
Year Agrotourism guesthouses impact on rural communities.

2008 1,348 The predominance of domestic tourism
2020 3,022 highlights the importance of local and
2021 3,460 regional demand in supporting rural tourism
2022 3,484 development.

2023 3,498 Agrotourism relies heavily on proximity
Source: National Institute of Statistics [19]. markets, where accessibility and cultural

familiarity play a significant role intaracting

visitors. A more detailed territorial analysis
Feveals significant disparities at county level.
Counties such as | a'Hi r
&erms of accommodation capacity and tourism
Sdemand, reflecting better infrastructure and

suggests a growing llnvollvergent fM.’C.al stronger econoio development. In contrast,
communities in tourisanelated activities, ounties such as Gal aHi

supported by access to funding opportunitieg,a|ues, indicating limited tourism

and the diversification of rural economies. development and reduced competitiveness

) fThe Republic of Moldova presents a lower
period (20202024) reveals a slower growth o e of tourism development compared to

rate, from 3,022 to 3,578 ugj indicating a omania; however, a gimal upward trend
transition from rapid expansion to a phase Ogc?an be ot;served. ’

sta_bilization and qualitative improvement. In 2024, the total accommodation capacity
This trend suggests the gradual maturation ofaached 25418 bed places, indicating a

the —agrotourism sector, characterized by, gqest but positive evolution of the tourism

increased emphasis on service quality andqqior (Table 3).

competitiveness. Toiam demand reflects a pege gevelopments highlight the capacity of
similar dynamic. In the first quarter of 2025, 4 region to further diversi its tourism
Romania recorded 2,496,720 tourist arrivals,qities by capitalising on existing
and 4,773,158 overnight stays, confirming thegironmental and cultural resources.

This longterm evolution indicates not only a
consolidation of agrotourism as a viable

economic activity in rural areas. The increas
in the number of accommodation structure
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Table 3. Accommodation capacity in the Republic Ofsurpassed that of residents, sugg@stia
Moldova (2024 gradual recovery of international tourism

g';;ﬁft Accommodation capacity (in bi’dzsi,_ flows and an increasing attractiveness of the
Edi ne H ’446 destination at the external level.
Ungheni 342
Glodeni 304 500.0 1 , ,
FLl e Ht i 287 @ m Residents Non-residents
2 400.0
Leova 20(Q 3
Nisporeni 48 5 300.0
Cantemir 0 X%)
Total 25,418 & 200.0 1
Source: National Bureau of Statistics of the Republic of é
Moldova (2026) [18]. = 100.0 I
The progressive growth of tourism demand 2020 2021 2022 2023 2024

can contribute to greater territorial visibility Fig. 2. Evolution of tourist arrivals in Republic of

and may encourage newinvestment Moldova by reSId_ence status (202024)

opportunities, supporting the consolidation ofS0urce: Republic of MoldoveNational Bureau of
) . Statistics (2026) [18].

tourism competitiveness over the Iong term.

The evolution of tourist arrivals during the The comparative analysis of the two
analysed period reveals substantial changes igategories indicates a structural shift in
both the scale and structure of tourismigyrism demand. While domestic tourism
demand (Figure 2). _ _ played a stabilizing role during the pandemic
Statistical data indicate a continuous increasgeriod, international tourism has become a

in the total number of tourists, from 90.3 key drive of growth in the later stages of
thousand in 2020 to 474.2 thousand in 2024recovery.

reflecting the gradual recovery and This evolution reflects broader trends
subsequent expansion of tourism activityohserved at European level, where tourism
following the pandemic period. recovery has been characterized by an initial
The distinction between resident and RON reliance on domestic demand, followed by a
resndent_tourlsts pr_owdes a more detailedyrogressive return of international miityi
perspective on tourism demand patterns angtrom an economic perspective, the increase in
highlights ~ the  different  dynamics nonresident tourists is particularly relevant,

characterising domestic and internationalas it is generally associated with higher
tourism flows. The results reveal a sustainethyerage expenditure and a  stronger

upward tred in Dboth domestic and contribution to local economies.
international tourism, with distinct dynamics |y parallel, the upward trend observed in

between the two categories. resdent tourism emphasises the strategic

The number of resident tourists increaseqmportance of domestic tourist flows for
from 61.6 thousand in 2020 to 220.2 thousandypporting the stability and lortgrm

in 2024, indicating consistent growth in resilience of tourisatelated activities.
domestic tourism. Overall, the data suggests a transition from a
This trend en be associated with increasedrecovery phase to a consolidation phase, in
interest in local destinations, particularly in \which tourism growth is supported by both
rural and agrotourism areas, which arejomestic and international segments. This
generally more accessible and perceived agual dynamic represents a favourable context

safer in the pospandemic context. for the development of agrotourism, which
At the same time, the number of rasident can capitalize on local demand while

tourists recorded more accelerated growthsimultaneously attracting foreign visitors
from 28.7 thousand in 2020 to 254.0 thousanGnterestel in authentic rural experiences.

in 2024. Notably, starting with 2023, the The analysis of tourism demand is further
number of norresidents approached and evencomplemented by the structure of overnight
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stays across different types of accommodatiorsupporting local economies. The increase of
units. This approach allows not only the14.7% in overnight stays generated by hon
assessment of overall tourism dynamics, butesidents within this cagery suggests a
also he identification of structural differences growing international interest in authentic
between accommodation categories. rural experiences.

Data for 2024 indicate a total of 1,557.1

thousand overnight stays, of which 501.3;0'52‘4bI e 4. Overnight stays in

thousand were generated by resident 077 5034 vs_ 2023 (U 2023 Vs, 2052 (%
tourists, h|gh||ght|ng the increasing role of Overnight [of which ~ [Overnighof whichlOvernigh{of which
. . . . stays non stays nor stays non
international demand in the tourism sector (thousandgresidents resident resident
. (thousandg
(Flgure 3)- Total, of 1,557.1 [501.3 1100 [122.8 [105.1 [96.7

which
T 55 Hotels and [534.4 422.8 1243 [1245 [98.0 98.1
F motels
:”tg Rezidents = Non-residents Visitor hostel{81.6 7.2 1048 [194.3 [99.8 143.1
ey
2 1.5 Touristand |78.9 237 1035 |[114.7 [93.8  [63.2
) agrotourism
3 guesthouses
5 1.0 Health and [407.2 6.4 105.0 [132.9 [103.3 [104.4
2 wellness
c establishmen
g 0.5 - Holiday and (165.0 40.7 96.1 1039 [116.9 109.7
3 leisure
,—E structures*

Holiday 290.0 106.8 106.8 611.1 |120.1 67.5

0.0 . . . . camps
2020 2021 2022 2023 2024 *Tourist villas, holiday villages, etc.

Fig. 3. Evolution of overnighstays by residence status Source:National Bureau of Statistics (2026) [18].
(2020 2024)

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 2023),

The evolution of overnight stays confirms a
positive trend in tourism demand, with a total
increase of 10% in 2024 compared t0 2023, 4jcating potential stagnation or reduced

This growth is primarily drivenby the  yemangin this segment. On the other hand,

expansion  of |_nte_r_nat|on_a| tourism, aos holiday camps registered a significant
reflected by the significant increase of 22.8%,,.raase in nomesident overnight stays (over

in overnight stays generated by A@sidents.  gnno4)  although their absolute contribution

A structural — analysis by type  of \onaing jow, suggesting emergirmit still
accommodation reveals important differencesimited international interest

n toTrlsmdpatternls (Table 4). he domi The comparative analysis highlights that
Hotels an _motels repr;ssent t 'eh ominanty, ,ism demand is unevenly distributed across
category 'P terms ho 0\(/jern|g t hStayS’accommodation types, with a clear dominance
accounting for 534'4 thousand overnight staysy¢ |, hanoriented structures such as hotels and
in 2024, of which a substantial share (422'8m0tels and a more modest, yet &ab
thousand) was generated by mesident ocence of rural accommodation units. This
tourists. This indicates that international pattern suggests that, although agrotourism
tourlgmdls highly cgnc_entrateq n hlilghe_r has development potential, it still occupies a
Standard accommodation ~ units, re eCtIngsecondary position within the overall tourism
preferences for comfort and accessibility. system. At the same time, the increasing
In (;]ontrast, tog”jt anﬁ agrgtourlsm contribution of norresident oéurists across
guest ou_Sﬁs recor de 78.9 thousan (:cvegn'g%veral accommodation categories indicates a
stays, W('jt ahmo_ erate increase of 3.5 %radual internationalization of  tourism
compared to therpvious year. . . _demand. This trend is particularly relevant for
Although their share in total tourism remains .. cchorder regions, where proximity and
relatively limited, these structures play a keycultural similarities can facilitate tourism

role in  promoting rural tourism and g,.s  Overall, the embined analysis of
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overnight stays and accommodation structuré&patial evaluation for the 2002024 period
confirms that tourism development is not onlyidentified a relatively stable territorial
expanding in quantitative terms but alsoconfiguration, with only limited structural
undergoing structural transformations. Thesechanges, suggesting a gradual evolution of
changes reflect broader economic, social, andevelopment processes.

behavioural fators influencing tourism Although agrotourism presents growth
demand and underline the need for targetegotential, its gpansion remains uneven and
policies aimed at supporting both massstrongly dependent on local conditions,
tourism and niche segments such asncluding accessibility, infrastaoiure, and
agrotourism. investment capacity.

According to the National Bureau of StatisticsFigure 5 illustrates the comparative evolution
of the Republic of Moldova [18], the spatial of key agrotourism indicators in Romania and
distribuion of accommodation capacity the Republic of Moldova, higighting
reveals significant territorial disparities. differences in accommodation capacity,
Districts such as Catbuusm demand, dod the dvergltlave iofa
concentrate a higher number of tourism development between the two
accommodation units, offering greater tourismcountries.

capacity. In contrast, districts such as
Cantemir and Nisporeérrecord very low or
even negligible levels of tourism
infrastructure.  This  uneven distribution |Republic of Moldova
highlights the existence of structural
imbalances in tourism development across th
region, reflecting differences in accessibility, Romania
local investment capacityand the level of
economic development.

The spatial distribution of accommodation
capacity in the Republic of Moldova was
analysed for the period 2022024. The Fig. 5. Comparative dynamics of agrotourism
results indicate relatively limited changes indzec\)/;ng(f)nzi”t in Romania and the Republic of Moldova
the overall distribution paftern, suggesting a( ource: Auzthors, based on National Institute of
SlOW_ pac_e (_)f d_evel_()p_mem' The_ mo_st reCeNisatistics [19] and National Bureau of Statistics [18].
spatial distribution is illustrated in Figure 4,

corresponding to the year 2024. A comparative perspective highlights the
, higher degree of tourism consolidation in

LTy Romania, where accommodation

‘ infrastructure and tourism demand have
pn reached significant levels. Conversely, the
OF - Republic of Moldova displays a less
m_‘— developed tourism profile, characterised by
e "‘%( infrastructural  limitations and  spatial

0 50 100 150
Relative Index (Romania=100)

* Glodens  MunBam

T

disparities between regions.

These differences indicate that agrotourism
development is influencedhonly 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 crodsorder region.

Hicest

f Sietan Vods -

Fig. 4. Spatial distribution of accommodation capacity
in the Republic of Moldova (2024)
Source:National Bureau of Statisti¢48].
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The analysis reveals a edr asymmetry Such initiatives could enhance regional
between Romania and the Republic ofcompetitiveness, stimulate local econesji
Moldova in terms of agrotourism and contribute to reducing territorial
development, both quantitatively and disparities. Therefore, strengthening cross
structurally. Ro ma n i leod@er coopeayatian reprasentssarkey directioh o r
reflects a consolidated system, supported byor future development.
infrastructure  development, access to
European fading, and a diversified tourism CONCLUSIONS
market. The steady increase in the number of
agrotourism guesthouses indicates not onlyThe present study analysed the development
expansion, but also a process of stabilizationpf agrotourism activities in théRomania
suggesting a transition toward structuralRepublic of Moldova crosborder area,
maturity. focusing on tourism indicators, spatial
In contrast, the Republic of Moldawresents distribution, and comparative dynamics
a developing agrotourism sector, between the two countries.
characterized by localized growth andThe results highlight significant differences in
significant territorial disparities. The uneven both the level and structure of agrotourism
distribution of accommodation capacity developmeh Romania demonstrates a
highlights the dependence of tourismcomparatively consolidated agrotourism
development on local initiatives, accessibility, sector, characterized by a substantial increase
and economic conditions. in the number of guesthouses, strong tourism
From a spatial perspective, the concentratiomemand, and a diversified accommodation
of tourism infrastructure in a limited number offer. This evolution has been supported by
of districts reflects structural imbalances andsustained inv&ment, access to European
uneven development. This pattern suggestfunding, and the growing interest in rural
that certain areas benefit from moretourism experiences.
favourable eenomic and infrastructural In contrast, the Republic of Moldova presents
conditions, while others remain a developing agrotourism sector,
underdeveloped. characterized by moderate growth and
An important finding of this study is that pronounced territorial disparities. The spatial
geographical proximity does not automaticallydistribution of accommodation capacity
lead to similar levels of development. indicates a concentration of tourism activities
Although the two countries share culturalin  areas  with  better  accessibility,
heritage ad comparable natural resources, theinfrastructure, and economic opportunities,
border does not currently function as ahighlighting the strong influence of local
catalyst for agrotourism development. Insteadconditions on development patterns.
it reflects structural differences that limit The study onfirms the initial hypothesis that
integration. This interpretation is consistentgeographical proximity does not automatically
with previous research, which emphasides lead to higher levels of agrotourism
tourism development is primarily influenced development. Although the two countries
by economic, institutional, and infrastructural share  similar  cultural and  natural
factors rather than by geographical proximitycharacteristics, differences in economic,
alone [4], [20]. institutional, and nfrastructural frameworks
At the same time, the results highlight play a decisive role in shaping development
significant opportunities for crodsorder trajectories.
cooperation.The complementarities between From a territorial perspective, agrotourism
Romani ads devel oped develapinena seimaing auheuvenlye distrébuiedi,
Mol dovads aut henti c eing @ricenttateduin arsamwitip tavoerable i a |
could support the development of integratedconditions. This suggests the existence of
tourism products. untapped potential in less developed regions,
particularly in border areas, where targeted
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interventions could stimulate local economich Dunar ea de Joso Uni vers
growth and reduce regional disparities. partnership with ABogdan
The findings emphasize the importance ofState University of Cahul.
integrated public policies aimed atpgorting
rural development and promoting agrotourismREFERENCES
as a tool for economic diversification.
Strengthening the link between agriculturel i]]u @gath%rvA Cio-ll-a.c R 2(;2; gu"ra‘:téurismT- . Pe
and tourism can generate addltlona_l income, Maréin'ﬁ}nea Sibiului arda A po’ssibi"ty of
sources, support local value chains, anQapitalizing on local resources. Sustainability, 15(1),
enhance the resilience of rural conmmities. 241.https://doi.org/10.3390/su15010241
Existing complementarities between Romanid?2]Arroyo, C.G., Barbieri, C., Rich, S.R., 2013,
and the Republic of Moldova create Dte‘l”ik?gl ] aqritourismt{ A Tcom,para}\i/l"e study t°g7

. . akKenolders erceptons. lourism anagement, ,
favourable premises for the expansion Ofggl'47.https://d%i.org?lO.lOlG/j.tourman.ZOl%.(lm
crossborder tourism partnerships. The more[ 31 Bal an, M., Uzl tu, C., 2024
advanced tourism infrastructure developed irBarrier to the Sustainable Development of Roida
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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 setsRemanian 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 qualitieshils context, garlic cultivation has
become a business opportunity, with a substantial contribution from the subsidy granted, the de minimis aid being
03,000/ ha in 2024, for a minimum eligible area of (
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, withea 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,pportunity of cultivation

INTRODUCTION studied in terms of flowering and seed
production; since garlic is an asexual plant
Agriculture is one of the most important that propagates only vegetativelythis
sectors of the economy, playing a vital role indiscovery opened up new avenues of research
ensuring food security and the sustainablén genetics, plant breeding, and plant
development of society. In the current contextphysiology [8].
marked by climate change and a populatiorBulbs are an adaptation of the plant to the
growth projected to reach 10 billion people bygrowing conditions of arid regions, which are
2050, the need for efficient use of naturalcharacterized by dry summers. Globally,
resources and the optimization of cropgarlic is grown prinarily in temperate
cultivation such as garlic cultivation on farms climates, with an annual production of
has become a major priority. approximately 28 million tons on an area of
Garlic (Allium sativum L). is one of the oldest about 1.6 million hectares. The main
and most valuable crops cultivated worldwide,producers are China and India, which account
valued for both its culinary and medicinal for approximately 80% of global production
properties. [11].
Garlic was used as an antiseptic to prevenCurrently, China, whicholds a clear lead in
gangrene during World War |, and it is alsoglobal production, faces challenges such as
mentioned in the Bible. Over 300 varieties ofinsufficient integration of  agricultural
garlic are known to be cultivated worldwide, machinery, crop mechanization, garlic
primarily in hot and dry regions, and it ranks sowing, inadequate agricultural practices, and
among the top twenty most imgant a lack of standardization in planting methods
vegetables in the world [4]. Garlic was [19].
domesticated in the 1980s, when fertile plantsComparing 100 countries in 2022, China
were discovered in Central Asia that could beranked first in garlic production with 21,338
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kt, maintaining its top position for over 10 countries accounting for 86% of global
years, followed at a considerable distance byroduction.  Historically, total garlic

India with 3,208 kt and then Bangladesh withproduction reached an diime high of 29,149

527 kt, according to the FAO, withll three  ktin 2022 [6].

BAI"CMIHH<HHEHE

Fig. 1. Garlic production in 2022 (kt)
Source: [6].

Garlic cultivation has a long tradition in and to achieve high vyields, it requires
Romania as well, being practiced in mostbalanced fertilization based on NPK nutrients.
agricultural areas, particularly in home In Romania, the number of garlic varieties
gardens, where it helps supplement rurabpproved and used in production is relatively
incomes. Interest in this crop has grownsmall, limited to seven varieties approved and
steadily, drivenby increasing demand both available in 2021, which highlights the need
domestically and internationally, as well as byto intensify research aimedt selecting
agricultural policies aimed at supporting varieties better adapted to local soil and
Romanian producers. Although garlic benefitsclimate conditions [16].

from favorable growing conditions in In Romania, there are few studies that
Romani@® tolerating winters well and characterize the genotypes of cultivated garlic,
requiring temperatures between as well as the influence of environmental
approximately 20°C and 38°C during thefactors such as soil quality, agricultural
growing seasah achieving high yields is practices, climatic conditions, or photoperiod
hindered by a number of challenges. Thes¢l7]. Furthermore, temperatures exceeding
include competition from imports, the use of42/43°C can cause heat stress, leading to
traditional technologies, low levels of slower plant growth and an increased risk of
investment in mechanization, and the ladk sunscald. At the same time, research shows
modern irrigation systemdsfactors that that late planting can result in sifjpant
contribute to the diminished competitivenesslosses, and establishing the crop in the spring
of local producers in the market [15]. leads to a yield reduction of approximately
Garlic prefers fertile, welaerated, and well 16% [14]. Garlic can survive winter
drained soils with a pH between 6 and 6.5temperatures as low a5 °C if it is welt
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rooted and begins to grow at temperatures oRomania. The information was obtained from
3i5°C[12]. public databases provided by the National
Vegetative multiplyjng of garlic has the Institute of Statistics (INS) via the TEMPO
disadvantage of transmitting pathogensOnline platform [10], as well as fromperts
viruses, and mycoplasmas, ultimatelypublished by the Ministry of Agriculture and
resulting in reduced plant vigorous, lower Rural Development (MADR) [13]. These
yields, and poorer crop quality [7]. sources ensure the official, comparable, and
Although garlic is frequently used as arelevant nature of the data used in the
bioinsecticide, it is affected by elatively analysis.

small number of pests, which can significantly Statistical analysis served as the basis for
impact crop yields in Romania. Among theinterpreting data on yieldsand cultivated
most important pests are wireworndgy(iotes areas, enabling the organization, comparison,
spp., Coleoptera: Elateriddeand nematodes and synthesis of information at the national
(Ditylenchus dipsaci, Tylenchida: level and by macralevelopment regions. This
Anguinidag, considered the most method highlighted regional differences and
problematic, with damage observed intrends in garlic cultivation.

approximately 40% of the plants analyzed [3]. The calculation of the averageas used to
The current state of garlic genetics anddetermine the average value of cultivated
genomics highlights recent developments thatreas and average total yields obtained during
will lead to its evolution into a modern crop, the period examined, facilitating comparisons
including the development of sexual between regions.

reproduction in certain garlic varieties, theln addition, the interpretation of the statistical
genetics of infertility, the induction of data took into account trends over tinyedr
flowering and bulb formation, organoleptic overyear changes) as well as correlations
properties, and resistance to various pathogensith the economic importance of the crop in
[11]. different areas. Thus, the methods used
In this context, the paper aimed to make grovide a clear and comparative picture of the
comparative study on the mhoctivity of  distribution and evolution of cultivated areas
garlic cultivation and the evolution of and total yields for garlic diivation in
cultivated areas between 2021 and 2024 at thRomania, by macrdevelopment regions.
national level in order to identify the Romania is divided into four macro
development trends and productivity of thisdevelopment regions, which include the

horticultural crop. following regions:
1 Macroregion 1, comprising the
MATERIALS AND METHODS Northwest and Central regions;
_ o Macro-region 2, which comprises the
The research is based on datisticat Northeast an&outheast regions;
comparative analysis method, used 10 ¢ Macroregion 3, comprising South
highlight trends in production and area Muntenia and Buchareéifov:

indicators for the 20322024 period. This 1 Macroregion 4, comprising the South

sequential analysis highlights the dynamics of West Oltenia and West regions.
total production and annual variations in the

total area under garlic cultivat. RESULTS AND DISCUSSIONS

By comparing statistical data for the period

under Treview, the ai mRgi st 4@ apsospeuﬁsattitbéing%ec'ﬁné
performance and determine the growthiy, ves; the composition of the fooddket

potential of garlic cultivation in Romania, in ghifts toward increased consumption  of

the context of domestic demand andyiaminrich vegetables, including garlic. This
competition with imported products. .. trend, combined with the opportunity to fully
Thedata used in this study consists of official 4jize the existing natural and economic

statistical data on garlic cultivation in yoenial for garlic production, should serve as
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the basis for the futureestelopment of the challenges related to pest infestations,
vegetable industry [1]. inconsistent  application of agricultural
Total garlic production in Romania varies technologies, or reduced costs and
depending on climatic conditions, ranging profitability (Table J.
from 55,000 tons (2017) to 21,000 tons
(2021), with Romania remaining among theTable 1. Trends in key indicators for garlic cultivation,
top producers in the European Union; the20212024
: i . .[ Indicat | 2021 | 2022 [ 2023 | 2024 | Average
average yield per hectare in Romania is 2021
between 81d 15 tons. 2024
Under average technological conditions| Total | 60,601} 50,235 45,801 41,628 34,566.3
garlic productivity in Romania frequently | P02
ranges betweeni8 tons/ha; however, on [ Total | 9,569 | 8,986 | 8,713 | 8,420 | 8,924.25
high-performing farms  where  modern| area ha _
technologies are applied (drip irrigation, Source: Own calculationsbased on the data from

L : National Statistical Institute, 2026 (INS) [10].
balanced fertilization, etc.), yields carceed ational Statistical Institute, 2026 (INS) [10]

10i 12 tons/ha. _ _ At the same time, the cultivated area is
Trends in Key Indicators for Garlic  graqually shrinking, from 9,569 hectares in
Cultivation in Romania _ 2021 to 8,429 hectares in 2024, a decrease of
Regarding the trends in total production aNCapproximately 12%. The slower rate of
total garlic cultivation area, we observe thalyecline in citivated area compared to that of
total production is declining significantly, nroquction indicates that, in addition to the
from 60,601 tons in 2021 to 41,628 tOMS  reqyction in land area, productivity per
2024, ~ representing ~a  decrease  Opectare has decreased (Figure 2).
approximately 31.3%. This trend reflects

disadvantageous weather conditions and

TRENDS IN TOTAL GARLIC PRODUCTION, RELATIVE TO TOTAL
AREA, 20211 2024

70,000
60,601

60,000

20,235 45,801
50,000 ) 41,628
40,000
30,000 —_—
20,000
10,000 9,569 8,986 8,713 8,429

0
Total production Total area
®» Year 2021 ®m Year 2022 Year 2023 m Year 2024

Fig. 2. Trends in total production relative to the total areatpthwith garlic
Source: Own calculations based on the data from National Statistical Institute, 2026, (INS), [10].

Thus, the data highlight a decline in bothenhance support policies for Romanian

cultivated area and yield, suggesting the neeproducers.

to adopt more efficient agricultural Regarding the dynamics of average

technologies, improve irrigation systems, ancproduction by macraevelopment regions,
the table shows a general decline in
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production across all four maeregions Macroregion 4 shows a moderate decline of
between 2021 and 2024, confirming aaround 26%, from 16,631 tons in 2021 to
negative trend at the national level. 12,338 tons in 2024, suggesting relatively
An analysis by development maemgions greater stability in production in this area.
indicates that Macroegion 2 remains the Macroregion 3 shows the slowest decline,
most productive across all the yearsapproximately 24% (from 11,672 tons to
examined, but has seen a significant decline 18,911 tons), making it the most stable in terms
production of approximately 37% (from of production trends. Macnegion 1 has the
21,918 tons to 13,771 tons) (Table 2). lowest production over the entire period and a
significant decline of approximately 36%,
Table 2.Trends in average production by developmentwhich may reflect less advantageous

ma':/cl:roregion,ZOZIl' 2o$4t, iln tonds — conditions and a lower importance betcrop
acro- otal productions, tons in this region.

regions . . . .
9 2021 | 2022 | 2023 | 2024 | Ayerage production by region is steadily

r“ﬁ;ﬁ,rﬁl 10,380 8,062 7,321 6,608 declining, from 15,150.25 tons in 2021 to

Macro | 21.018| 17547 | 15.881 | 13.771 10,407 tons in 2024, indicating a general

region 2 downward trend in production across regions
Macro | 11,672| 10,354 | 9,282 | 8,911 (Figure 3).
region 3 Macroregion 2 ranks first, with an average

Macro- | 16,631 14,272 | 13,311 | 12,338| production of 17,279.25 tons, reflecting very

region 4 - . L
Average | 15.150| 12.558.7| 11.450.] 10407 favorable conditions for garlic cultivation.

o5 5 25 Next, macreregion 4 contributes significantly
Source: Own calculations based on the data front0 national production, with an average of
National Statistical Institute, 202@NS,) [10]. 14,138 tons, although this is 3,141.25 tons

lower than in macraegion 2.

Average garlic production for the period 202024, in tons

Year 2024 “ ‘ 10,407

Year 2023 “ ‘ 11,450.25

Year 2022 “ ‘ 12,558.75

Year 2021 “ ‘ 15,150.25

0.00 2,000.00 4,000.00 6,000.00 8,000.00 10,000.00 12,000.00 14,000.00 16,000.00

Fig.3. Average garlic production for the period 202024
Source: Own calculations based on the data from National Statistical Institute(IRG2B[10].

Macroregion 3 ranks third, with an average downward trendin the area under garlic
production of 10,054.75 tons, while magegion cul|l t i vati on across -al
1 records the lowest production, at 8,094.25 tonsyegions between 2021 and 2024, from 2,392.5

suggesting less favorable conditions for this crophectares in 2021 to 2.107.25 hectares in 2024
(Table 3).An analysis of Table 4 indicates a (Table 4). ’
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Table 3. Ranking by development macegion based

areas averaging 2,566.75 hectares, also
on average garlic production, ions

experiencing a downward trend.

Macroregions Average Ranking
progggﬂ?ntéigm Table 5. Ranking by macmevelopment region, based
Macroregion 1 8,09411.25 v, on the average area planted with garlic, in heptares
i Macro-regions Average area Ranking

Macro-region 2 17,279.25 I (2021 2024)

Macro-region 3 10,054.75 i Macro-region | 1,423 v
Macro-region 4 14,138 I Macro-region Il 3,159.25 I

Average 12,391.56 Macro-region Il 1,775.5 1

Source: Own calculations based on the data fromMacroregion IV 2,566.75 Il
NationalStatistical Institute, 202§INS,) [10]. Average 2.231.12

Source: Own calculations based on the data from

Table 4. Average area planted with garlic, 208124,  \5tional Statistical Institute, 2026NS,) [10].

ha

Macro- Total area, ha . .

regions 5021 T 2022 5023 5094 Macroregion 3 shows a slight and steady
Macio | 1628 | 1377 | 1355 1332 decline, pelng _the most sta_ble tarms of
region 1 changes in cultivated area, with an average of
Macro | 3.314 | 3,308 | 3.114 2.901 1,775.5 hectares. In contrast, maoegion 1
region 2 has the smallest cultivated adea
Macro- | 1,856 | 1,777 | 1,746 1,723 approximately 1,423 hectares on avefage
r&9'°”3 57755554 T 5498 | 5473 and a more pronounced decline during this
re;grr? A ' ’ ' period (Table 5).

Average| 2,392.5| 2,2465| 2,178.25| 2,107.25| rigure 4, shows a sidy decline in the

Source: Own calculations based on the data fronfVerage area planted with garlic in Romania
National Statistical Institute, 2026NS) [10]. between 2021 and 2024. The largest average

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

Macroregion 2 has the largest cultivatedfollowed by a gradual annual decline,
areas, ranking first, but a gradual decline igeaching 2,107.25 hectares in 2024. This
noted, from 3,314 hectares in 2021 to 2,901decrease is gradual anaithout significant
hectares in 2024. Next is maemgion 4, Vvariations, highlighting a downward trend
which, although it maintains large cultivated (Figure 4).

Average area planted with garlic in Romania, 2@0P4, ha

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

Fig. 4. Average area planted with garlic during the 20@R24 period
Source: Own calculations based on the data from National Statiegtaite, 2026(INS,) [10].
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In 2024, yields dropped significantly, with Government measures to support garlic
producers reporting declines of up to 60%producers, through subsidies to compensate
compared to a normal year; the situation wador losses caused by drought, underscore the

critical in nonirrigated areaf2]. strategic economic importance of this crop for
The Economic Importance of Garlic Romania.
Cultivation These financial interventions not only help

Garlic farming is of significant economic small and mediunrsized farms maintain and
importance, as it is a crop valued for theincrease production, but also contribute to
benefits that contribute to its sustainability reducing dependence on imports, thereby
and profitability. Garlic commands a strengthening the domestic agricultural sector.
relatively stable market price, which provides Consequently, the support provided leefs
farmers with importat financial t he recognition of gar |
predictability. It can also be sold both fresha pr of i tabl e and i mport
and in processed form, increasing its addeeconomy. To encourage domestic production,
value. the state offered financial aid in the form of
Furthermore, farmers can sell garlic directlyfi d e mi ni mi sO support fc
in local markets, benefiting from a close garlic[2].
connection with consumers, or they canin 2024, the Gosrnment continued the
choose to join agricultural cooperatives, A" Gar |l i c0 support progr al
which can facilitate access to diverse marketiof 1,500 euros per hectare to farmers who
and more beneficial commercial terms. Thuscultivated at least 0.3 hectares, in accordance
garlic cultivation contributes not only to the with Government Emergency Ordinance
diversification of agricultural income but also 13/2024 (MDR)[9].
to the sustainable economic development of
rural areas [1]. CONCLUSIONS
Start-up costs. The starup costs for garlic
cultivation are moderate, and the shorlAn analysis of the keyndicators for garlic
growing season allows for rapid crop rotationcultivation reveals a gradual decline in both
and the optimal use of agricultural land. cultivated area and production volume each
Based on an analysis of the main productiolyear.
costs for garlic, aghving an estimated yield In conclusion, garlic production is declining
of 7,000 kg/ha requires agrotechnicalin all macreregions, albeit to varying degrees.
expenses in total 15,949 Eui@$. Macroregions 3 and 4 are the most affected,
Studies show that the initial costs for growingwhile macreregion 2 stands out for having
one hectare of garlic range from 15,000 tcthe highest total garlic production.
20,000 euros and include the following items: In terms of the trend in total production, the

A Purchase of gadicloves for planting, decline is steady, with no major fluctuations,

amounting to 4,000,000 euros; indicating the influence of factors such as

A Soi l pr epar adrough, risiagncdsts, & redudtiontboitivated i o n ,
ranging from 2,500 to 4,000 euros; areas, or technological challenges. The rate of

A l nstall ati on of  dedine is morerpiorgpanted duning tisey282fi e m,
estimated at 1,500 to 3,000 euros; 2022 period, after which it moderates slightly

A Labor <costs f oimsonpelregions.i n g, mai ntenance
and harvesting, ranging from 5,000 to 7,000 The distribution of total garlic production
euros. nationwide is uneven, with macregions 2

In terms of production, one hectare can yielcand 4 holding an advantage, as they dominate
between 5 and 10 tons of garlic, with totalthis market through their significant
revenue ranging from 50,000 to 100,00Ccontribution.

euros, depending on the quality of the harvesRegarding the total area under garlic
and market prices. After coveringpsts, the cultivation in Romania, this is gradually
annual net profit can exceed 30,000 euros [5].decreasing across all maeamygions, while
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maintaining a stable hierarchy, withaore online/#/pages/tables/instable Accessed on February
;‘ehgéoga%iégglrivg?:;é farm size is expected t‘[2121,]|2321$r6éﬁ0, R., et al., 2023,Turning garlic into a
decline from 2,392.5 hectares in 2021 to;,”e‘ﬁf,;’lﬁvegi?apﬁts12féit§2129f the —art and
2,107.25 hectares in 2024, reflecting a genergi2]Petcov, A. A., Corneanu, M., Sarac, |., 2016, The
decline in interest in farming. characterization of autumn garliéljum sativumL.)
Thus, although the area under cultivation hadandraces regarpling the tiinvolved in p_roductivity.
ShO_Wh a sligh decline depen_dir_lg on the_ ;gtjzr;]’aéﬁ%.Hortlculture, Forestry and Biotechnology,
agricultural year, farmers remain interested in13jpetcov, A. A., et al., 2022, The study of some
this crop, as they are also encouraged by thiandraces of garlic from the western region of Romania
de minimis aid scheme provided by theregarding certain quantitative charactétenals of he
Romanian government. University of Craiova, Biology, Horticulture, Food

g . . products processing technology, Environmental
Although it involves high production costs, engineering7.63.297300.

the_se characteristics mak_e g_arzﬁn attractive  [14]poldma, P., et al., 2004, Influence of planting time
option for small and mediwsized farms, for on the development, yield and quality of garkdliim

which this crop can be an important source osativumL.) in EstonialV International Symposium on
Edible Alliaceae 6832004.

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 mixethods approach, combining
documentary and statistical analysis, assessments of infrastructure and accessibility, SWOT analysis, as well as
semistructured interviews conducted with key localkest@mlders. 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 ifis@rand 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, lheir 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 [6]. Rural tourism involves tourists from rural
areas attracted by the distinctive character of
Sustainable rural development represents onthe landscape, recreational activities such as
of the priority directions of European and local resources and dd, as well as the
national policies, aiming to improve the potential for spiritual, ecological and cultural
quality of life in rural areas through the growth [9]. In Romania there are also well
responsible use of natural, cultural, anddeveloped mountain destinations, such as
human resources [3] [13]. In this context, theMarginimea Sibiului [2] [8] [18], Maramures
intelligent capitalization of local heritage Area [15], Mountain Area in Bihor County
becomes an essential element for revitalizing21], Apuseni Mourains [4] [12] [32],
communities located in isolated areas or areabloieciu Area [22], Bucovina [14] [24] in
with insufficiently exploited potential [11] terms of infrastructure and visibility on the
[28] [29]. tourist market, which have managed to gain
Mountain rural communities in Romania face notoriety both nationally, and internationally,
numerous economic and social difficulties,developing coherently, capitalizing on its
such as depopulation, population aging,natural and dtural heritage and offering
deficient infrastructure, and poor services in successful agrotourism
capitalization of local resources [7] [20] [25]. guesthouses, which have continuously
Territorial development and rural tourism anddeveloped both numerically and in terms of
agrotourism are linked to each other [1] [5] comfort level. Despite the growing body of
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literature on rural tourism and sustainablepartially exploited. At the same time, the
development inrRomanian rountain regions, commune faces problems specific to theal
most studies focus on wadktablished environment, such as demographic decline,
destinations or on descriptive assessments gfopulation ageing, poor infrastructure and
tourism potential. However, limited attention limited economic opportunities [27].

has been paid to the relationship betweern this context, the development of coherent
tourism resources, tourism activity indicators,strategies for the sustainable use of natural
and local developent dynamics in small and and cultural resources becomes etakfor
lessdeveloped rural communities [16] [10] strengthening local identity, diversifying the
[19]. economy and promoting responsible tourism
In particular, there is a lack of integrated[17] [26].

analyses combining statistical indicators ofThe present paper aims to carry out an
tourism activity w i integratdd @malysis of the natkra bhna cuttueat s 6
perceptions in order to assess the extent toesources of Sasca Montana commune and to
which tourism potential is effectively identify the mostefficient ways to capitalize
transformed into economic and social benefiton them in order to support sustainable rural
at the local level. development. The study is based on the
The contribution of this study lies in analysis of the theoretical framework of
providing an integrated assessment ofsustainable development, the assessment of
tourismbased rural development at the levellocal resources, the analysis of tourism
of a small mountain community, by potential and thadentification of economic
combining quantitative analysis of tourism development opportunities, in accordance
activity indicators with qualitative insights with the principles of environmental
from local stakeholders. protection and heritage conservation.

By linking tourism resources, tourism Through the proposed interdisciplinary
performance indicators, and communityapproach, the research offers an applied
perceptions, the study offers a moreperspective, useful both to thacademic
comprehensive understandingf the gap environment and to the local administration,
between tourism potential and its actualcommunity organizations and economic actors
economic valorization. interested in revitalizing the area. Finally, the
Sasca Montana, a locality located in the Aninaanalysis formulates strategic directions that
Mountains area, in Caré&®everin County, is support the sustainable development of Sasca
characterized by a distinct combination of Montana communéjased on the principles of
natural resources, traditions, cultural elersent sustainability, local identity and responsible
and karst landscapes, which can support ase of resources

sustainable, integrated and letegm

development [34]. The locality benefits from MATERIALS AND METHODS

a valuable natural setting, highlighted by the

presence of the Ner@Bleusnita Gorges The research employs a mixed approach, both
National Park, one of the most importantquantitative and qualitative, structured into the
protected areas in Romania, whosefollowing stages:

biodiversity and geomorphological - documentation andtheoretical analysis,
particularities attract an increasing number ofconsisting of the review of specialized
tourists [23]. literature on sustainable rural development,

In addition to natural resources, Sascaural tourism, natural resource management,
Montana has a diverse cultural heritageand the capitalization of cultural heritage, as

resulting from mining activities, multicultural well as the analysis of the European and
influences and local rural traditions [30]. national financl support framework;

However, these resources are insufficiently- analysis of local resources, consisting of the
exploited from a sustainable point of view, inventory of natural resources through

and their economic potential remains onlyconsultation of protected area databases and
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natural park management documents, and the the secondpart consists of the socio
evaluation of cultural heritage through theeconomic analysis of the commune, finalized
study of localarchives; with a SWOT analysis;

- socioeconomic analysis of the commune,- the third part presents the applied research
consisting of the processing of demographicand its results.

and economic indicators, as well as thePart | i Presentation of the studied ared
analysis of tourism infrastructure and the levelSasca Montana commune

of accessibility, followed by a SWOT analysis Geographical location Sasca Montana
related to local developent; commune is located in the souilestern part

- quantitative method, descripthamalytical, of CarasSeverin County, Banat region,
based on secondary data: determination of thRomania, in the mountainous area of southern
main indicators of tourism activity in Sasca Banat, at the intersection of the Locvei
Montana commune (2002024), the analysis Mountains to the west, the Almajului
included three primary variables: the Mountains to the east, and the Anina
accommodation capacity in opeaat (places  Mountains [27].

days), the number of arrivals in tourist Natural resources From a geographical point
reception structures and the number ofof view, the relief of Sasca Montana
overnight stays, corresponding to the analysedommune is specific to the relief levels
territorial unit. Based on these data, twoexisting within its territory: 70% hills and
derivative indicators were calculated, used ta30% mountains [31].

assess the efficiency ofunsm activity and The climate of Sasca Montans influenced

tourist behaviour: by phytoclimaic conditions and
Average stay = Quernisht stays Mediterranean influences, characterized by
moderate winters, hot summers, abundant

Occupancy Rate = oy i rainfall, low thermal amplitudes and rare

- qualitative methods included field €xtreme phenomena. [35].
observation and serstructured interviews Hydrography The commune is crossed by the
with relevant local actors (government Nera River, 125 km long, with a total
representatives, entrepreneurs, protected aré&ichment area of 1,400 km? (exclusively on
specialists and tour operators). The samplé0manian territory), which originates in the
included 30 participants, considered sufficientS€menic Mountains from two springs, one
to achieve thematic saturation. Thebelow Piatra Goznei Peak (1,477 m),
interviews, conducted in September 2025Nerganita, and the other below Piatra Nedeii
(faceto-face and online), lasted 10 Peak (1,453 m), Nergana [35].
minutes and were based on omemled Flora and fauna from Sasca Montana are
questions on resources, tourism impactdiversified, including rare Balkan and
constraints and del@ment prospects. The Medlterranegn species, as well as numerous
participants were informed and expressed/@luable animals and birds, concentrated in
their consentConfidentiality and anonymity the Cheile NeréBe u Hni "Ha Nati onal
of participants were ensured; regional ecological importanci27].
- following these research activities, a The territory of Sasca Montancommune
synthesis is developed to support theoffers var_lable pedogenetic condltlons,
formulation of strategic directionsor the corresponding to areas of the cambisol class
sustainable development of the commune. gg?ﬁ; molisols (35%), and argiluvisols
0).
RESULTS AND DISCUSSIONS Part Il 7 Sociceconomic analysis of Sasca
Montana commune. Demography of Sasca

The results and discussions section of thélontana commune.

article is structured into three parts: The demographicwelution of Sasca Montana
- the first part includes the presentation of thecommune highlights a clearly declining trend
Study area ana|yzed in the article; durlng the pe”Od 1992020, followed by a
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period of relative stabilization after 2020 - a period of accelerated demographic
(Figure 1). transition between 1992000, marked by
negative natural growth that began in the first
2500 % decades after 1990;
T - the period 200112010 is characterised by an
g 10 = intensification of natral population decline,
oo as natural growth continued to decline,
reaching particularly low levels in 2010;
g - the period 20112020 is marked by a
Fig. 1. Evolution of the po;:alation of Sasca MontanaStagnatlon of deC“n-e' with no prospects for
commune, 1992025 natural recovery, with natural growth values
Source: Owrprocessing based on [33]. remaining negative du® the stabilisation of
birth rates at very low levels and mortality at
With regard to the population structure by high levels. (Figure 4).
gender, Figure 2 shows a predominance of the
male population, which is due to the o e
occupational specificity of the area, °
determined by the presence of mining
activities within the commumin the past.

w2 2
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Fig. 4. Natural population growth of Sasca Montana
commune, during the period 192024
Source: Own processing based on [33].

= Men

= \WWomen

The migration of thepopulation in Sasca
Montana commune is analysed according to
its evolution, in stages:
- the first stage of analysis, 192000, is
l\':/:g- tZ- Gender SFr“tCht“re °f2tg§5p°p“'a“°” of SasCaharacterized by a strong negative migration
sfﬂrgg;aéﬁnmpmrﬂzg]ssiﬁgyﬁiéed on [33]. because of the restructuring of mining
activities in the commune.

- the period2001 2010 shows a continuation

of negative migration, with an increase in
external emigration, as the young population
#1939 yems has permanently left the commune, reducing
e the reproductive demographic base;

- the period 201112019 shows a trend towards

stabilizationand even a reduction in external

migration, with a growing interest in tourism
Fig. 3. Population structure of Sasca Montanajn the Nera Gorges area, which brings more
E%T:Eg?gm ?gcggfﬁs ’bigzesd on [33]. s_maII and mediunsized i_nvestments. The

first guesthouses and holiday homes (small

Regarding the age structure of the populatiorentrepreneurial initiatives) appeared;
of Sasca Montana commune, the analysis of |n the period 20202024, the following
Figure 3 indicates that the population of thetrends can be observed: relocations of people
commune IS aging. _ from urban areas to natural areas, acquisition
Regarding the natural and migratory of properties for tourism purposes. As of
population growth at the commune level2023, the increase in migration has started to

during the analyzed periodhe following decrease again, but not drastically.
aspects can be observed:

= Over 65 years old
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- 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,
Fig. 5. Migratory population growth of Sasca MontanaWher.e the water fa!ls In two steps;

commune, during the period 19024 - Bqllor C_ave, a Ilmestone cave, r_enowned
Source: Own processing based on [33]. for its active galleries and for its important

: . . hydrological role in the underground drainage
Natural depopulation is the dominant of the aea.

phenomenon at the commune level. However, biodiversity and ecosystem&he Nera

m!g_ratlon can, under C‘?”a'” Cond't'o.ns’Gorgeﬂ'; Beusnita National Park located in the
mitigate demographic decline by attracting nina  Mountains (CaraSeverin), includes

new res[dents or investors, represgntlng everal administrative units and belongs to the
opportunity for recovery through tourism and ., ntinental bioregion. It stands out for its
Evestmgnt. I in s M secular forests, karst aquaéicosystems, high
conomic _activities In Sasca Montana biodiversity and protected fauna, including
commune The local economy is based on theIarge carnivores and rare species [23].

following activities: subsistence agritwle, .\ ater resourcespresent within the studied

n bqth_the ¢rop and animal sectors, thearea, consist of extremely clean watercourses,
exploitation of forest resources, tourism (a

. " mainly represented by natural lakes and
growing sector) and small traditional Crafts'waterfalls with constarftow
The main activity that can contribute to the2 Cultural resources consist of

revitalization of Sasca Montana commune is

tourism, by capitalizing on & natural and ,.j,des traditional stone and wooden houses,

gulturaltr?.sourcfes existing Intthe.atrea:i i x:/]ith Swabian influences, old churches,
resentation of resources (tourist attractionsy,ining yestiges and historical constructions.

in Sasca Montana commune, according top

x The built heritage of Sasca Montana

he mining activity, which was at its peak in

tlhe,'\z o”g'?: divided i h the eighteenth century, contributed decisively
- Natura 'resources are divided into three o development of the locality, which
categories: became an important center of copper

Karst landscapes and natural attractions,gh
area being one of the most spectacular kar
regions in Romania, including the following
main tourist attractions:

- The Nera Gorgesare a protected area of
national interest (IUCN Category 1l), located
in the Anina Mountains, Card&severin
County, repreenting the longest gorge in
Romania, characterized by spectacular an
complex karst relief.

roduction [31]. In the nineteenth and

entieth 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
ircuit.

Intangible heritage, very rich and

~The Eye of the Beyis a small karst lake, diversified, but not eXpited at its true value,

ted b lar traditi d local
permanently fed by an underground spring,represene y popuiar traditons anc ‘oca

hiahliahted by the i ~y customs, folk dances, traditional Banat
ighlighte y the intense turquoiseie gastronomy, specific crafts and local stories.
color of the water.

Devil's Lak K lake in the L . X Tourist infrastructure of Sasca Montana
- Devil's Lake, a karst lake in the Locvel .,mne The number of accommodation
Mountains, located at the beginning of the

. . -units increased duringthe period under
Nera Gorges, is noted for the story of its g P

f i d'forits bl lor- review, including tourist and agtourist
ormation and for Its blue green color, guesthouses, tourist cottages, as well as

apartments and rooms for rent (Figure 6).
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S which have become the dominant form of
accommodation, with a maximum recorded in
| ‘ 2021, followed by moderatéuctuations in
. | I the postpandemic period.

YEARS 3500

Fig. 6. Evolution of tourist accommodation structures o

in Sasca Montana commune o

Source: Own processing baseu[33]. 1000 | I |
Regarding tourist services, in Sasca Montana, " = e o e e o e e oo
commune there are restaurants, 10cal QUIJES| = ssons oo wouinicoon atowin o spseusion

outdoor equipment rental centers (increasingrig. 9. Tourlst arrlvals in accommodatlon structures by
in number), and information points; however, tsypes of gccommOda“On E”UC;"“GS s
these are insufficiently developed. ource: Own processing based on [33]

Despite the diversification and numerical

200 = Apartmen growth of accommodation structures,eith
s and utilisation rate continues to be limited by the
for rent seasonality of tourism activity and the absence

of integrated complementary services.

Accommodation
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The data presented in Figure 10 indicate a

oSS S %&eagv“ v & clear  predominance  of  agrotourism
Fig. 7. Existing touristaccommodation capacity by guesthouses, Wh!Ch Concentrqte the hlgh.eSt
types of accommodation structures (beds) number of overnight stays, with a peak in
Source: Own processing based on [33]. 2021 and moderate fluctuations thereatfter.
Analyzing the existing tourist accommodation
capacity by types of accommodation oo
structures during the period 20@D24 g *oo° | I I Il I
(Figure 7), a progressive diggdication of - |

accommodation structures can be observed g 8
with an emphasis on more flexible forms vt
adapted to rural tourism and agrotourism. Fig. 10. Overnlght stays in units for tourist
accommodatioby type

Source: Own processing based on the data from [33].
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Apartments and rooms for rent record
significant values after 2021, but with
oscillating evolution. Tourist cottages play a
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= Apartments and rooms for rent

Tt e svestiouees secondary role, with low levels of overnight
Fig. 8. Tourist accommodation capacity in operation byStays, inflienced by seasonality.
types of accommodation structures (mys) Regarding accessibility, it is observed that
Source: Own preessing based on [33] access roads are usable but require

g‘nodernlzatlon in certain sections, while

flexible accommodation structures specific toPUPliC  transport is limited and almost
rural areas, with a predominance OanHE‘XIStenth . . .
agrotourism guesthouses, complemented as gfowever, these trends require a deeper
2021 with apartments and rooms for rent, assessment of the efficiency and effective use

while tourist cottages have a secondary ana(d)f tourism infrastructure. fTo complete the
fluctuating contribution. escriptive assessment of tourism resources

Figure 9 highlights the significant increase in&d infrastructure, a quantl'éatlve atr;iyss of
tourist arrivals in agrotourism guesthousesoUrsm activity was carried out on

Figure 8 indicates a clear orientation toward
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official statistical data. This analysis aims toby the number of places, increased
assess the relationship between thesignificantly from 16,816 in 2010 to over

accommodation capacity, the tourist flows and48,000 in 2022, the occupancy rate did not
the efficiency of the tourist activity in Sasca evolve proportionally, remaining between

Montana commune. Although the existing20% and 35% and decreasing to 20.32% in
accommodation capacity (Fig. 7@xpressed 2024 (Table 1).

Tablel.Det er mi nati on of the main tourism acRity indica
2001 | 2005 | 2010 2015 2020 2021 2022 2023 2024
Tourist accommodation capacity in operation (pldags) 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 | 5563 | 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 differentcapacity and tourism activity after 2010,
behavior. After a high value in 2001 (7.11 followed by a decrease in tourist flows and
days), associated with a very low volume ofcapacity utilisation irthe recent period, while
tourist activity, the indicator stabilizes after maintaining a relatively stable average length
2010 in a relatively narrow interval, between of stay.

1.88 and 2.76 days. Betwe2020 and 2024 Following the socieeconomic analysis
the average length of stay remains betweegonducted at the level of Sasca Montana
2.18 and 2.40 days. Overall, the data point tcommune, a SWOT analysis is presented
a significant increase in accommodationbelow (Table 2).

Table 2.SWOT analysis of Sasca Montana commune

STRENGTHS WEAKNESSES

- favorable geographical position (SW Romania), in a mountainous areg - insufficiently modernized road infrastructure, with degrad
a temperate continental climate with Mediterranean influences; secondary rads;

- exceptional natural resources, included withinghetected area of the Ne - insufficiently developed tourism infrastructure;
Gorge$ Beusnita National Park; - lack of modern information centers;

- unique biodiversity (gorges, karst lakes, waterfalls, caves, ancient foreq - pronounced seasonality of tourism activity and a relati

- highly valuable tangible and intangible cultural heritage (architect] low occupancy rate of accommodation capacity;
authentic traditions and customs, local gasiray, mining vestiges, crafts) - population aging;

- positive evolution of accommodation structures, especially agrotou| - low level of capitalization of local cultat heritage;
guesthouses and flexible units; - limited capacity of the local administration to attract &

- recent trend of positive migration after 2020. manage sustainable development funds.

OPPORTUNITIES THREATS

- possibility of accessing European funds for rural development; - uncontrolled tourism may degrade protected ecosystemg

- increasing demand for rural tourism and agrotourigncluding green natural resources.
tourism) at national and European levels; - population aging may accelerate demographic declinelog

- digitalization of tourism; traditional heritage;

- promotion of local gastronomy; - climate change (drought, forest fires);

- capitalization of abandoned mining heritage for tourism and culf] - competition from other mountain areas thate more
purposes; accessible and more visible on the tourism market;

- increasing interest in remote work in rural areas with higlguality. - insufficient private investments.

Source: Own processing based on the secanomic analysis conducted.

The SWOT analysis highlights that SascaHowever, development is limited by
Montana hasexceptional natural resources, significant structural waeknesses: poor road
especially karst landscapes, high biodiversityinfrastructure, reduced accessibility,
and protected area status, correlated with anderdeveloped tourist services and a lack of
growing demand for rural tourism and integrated complementary services. These
agrotourism, which creates a favourableaspects are reflected in the low degree of use
context for local development. The expansionof accommodation capacity and in the
of accommodtion structures, especially accentuated seasonality iurism activity.In
agrotourism guesthouses after 2020, as well athe absence of coordinated investments and
the positive evolution of arrivals and integrated destination management, there is a
overnight stays indicate that there is a reatisk of partial exploitation of the existing
market reaction to this potential. potential. Therefore, sustainable tourism
development depends on specific
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interventions  that  correct structural focusing on how the local community
deficiencies and effectively integrate local perceives tourism, what befits it provides,
resources. what problems are experienced, how prepared
Part Il 7 Results of the interviews with the the local community is to engage in the
main local actorsr egar di ng A Gegefopmemt i tofy rural tourism and
perception of the capitalization of natural andagrotourism, and what expectations it has
cultural resources and their role in thefrom the local administration.

sustainable development of Sasca Montandhe results obtained from the interviewgh
communeo, ai med at ithd eaintldcdl gcions gomptermeat then@WOT
strategic directions for its sustainableanalysis conducted as part of the
development. In this céext, the analysis was socioeconomic  assessment, highlighting
based on the premise that any sustainablperceptions regarding infrastructure,
local development strategy must take intoadministrative capacity and development
account community perceptions and needsppportunities based on the capitalization of
not only natural potential or tourism demand,natural and cultwl 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

A1l. Evolution of the
commune

Positive but slow development

with administrative and
infrastructural limitations

Slight economic revival,
insufficient for longterm
stability

Increasing the visibility of the
area and the lack of an
integrated development

strategy

Increasing seamal 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 uniquenes|

Picturesque naturéndscapes

and authentic experiences

B1. Harnessing natura
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 thexisting natural
resources, due to poor promotid

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 \&ibility of the area

D1. Obstacles in the
development of

Poor infrastructure, limited
financial resources

Lack of manpower and
financial support

Tourist pressure versus
environmental protection

Reduced accessibility and lack ¢

complementary serees

tourism
D2. Problems of local Reduced capacity for Difficulties in accessing EU Lack of collaboration with Lack of a destination strategy
initiatives implementation funds, lack of cedinancing economic agents

E1. Sustainable
development measure

Developingan 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, Administratiori

strategic coordinator and active

partner community

Administrationfacilitator,
communityinitiator

Institutional cooperation and
local participation

Publicprivate partnerships.

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

The synthesis of the interviews conductedBased on the SWOT analysis and the
with 30 local actors highlights a clear perceptions of local actors, several strategic
consensus on the high natural and culturatlirections were identified. These include
potential of Sasca Montana commune, alongmproving acessibility and basic tourism
with the existence of significant structural infrastructure by upgrading roads and
constraints, such as deficient infrastructuredeveloping essential facilities for tourists.
limited administrative capacity and aging Another priority is to capitalize on the cultural
population. Rural tourism and agrotourism areheritage by rehabilitating the built fund and
perceived as main factors of future sustainabléntegrating traditions into the tourist cirtui
development; However, their cemt impact through local events, thematic routes and craft
remains moderate and unevenly distributedactivities.

which underlines the need for an integratedReducing seasonality and
development strategy. utilization  of

increasing the
accommodation capacity
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requires the diversification of the tourist offer The SWOT analysis and the qualitative
throughout the year. It is also essential tocomponent of the research converge toward
strengthen administti@e capacity to access the general conclusion that the sustainable
European funds, as well as to support locatlevelopment b the commune requires an
entrepreneurship by integrating guesthousesntegrated model that combines environmental
producers and craftsmen into the tourismprotection  with  responsible resource
market.At the same time, socidemographic capitalization,  priority  investments in
revitalization can be supported by capitalizingaccessibility and basic tourism services, as
on postpandemic migration trends, and the well as the conservation and enhancement of
promotion of tourism, especially rural the particularly vleuable natural and cultural
tourism, ecotourism and adventure tourismheritage existing in the area of Sasca Montana
must be based on authentic, experiencecommune.

oriented tourism packages to stimulate locaOverall, Sasca Montana commune can

economic development become a model of sustainable rural
development based on rural tourism and
CONCLUSIONS agrotourism, provided that the strategic

directions are impleented and that there is
Sasca Montana communéenefits from active involvement of the local administration
exceptional natural heritage, supported by thend the community, ensuring a balance
presence of numerous karst landscapes, higbetween economic growth and the promotion
biodiversity, and protected areas, as well a®f natural and cultural heritage.
valuable cultural heritage, which together
represent premises that can form the basis foACKNOWLEDGEMENTS
sustainable mal development through
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Abstract

Based on empirical data regarding yield, temperature, precipitation and economic indicators from a research
experiment involving the following mixeglasslands 1. Bird's-foot trefoil (Lotus corniculatus L.); 2. Red clover
(Trifolium pratense L.); 3Bird's-foot trefoil (Lotus corniculatus L.) + Red fescue (Festuca rubra L.Bidd's-foot

trefoil (Lotus corniculatus L.) + Timothgrass (Phleum pratense L.); 5. Red clover (Trifolium pratense L.) + Red
fescue (Festuca rubra L.gnd 6. Red clover (Trifolium pratense L.) + Timotbsass (Phleum pratense L.), the
impact of climatic features on productivity and economic efficiency in forage production has been established.
During the 20242025 period, the research experiment identifiduigh correlation between temperature and both
production costs andross revenueas well as a strong relationship between precipitation andgtioss profit
generated from the resulting forage. Based aramalysis of variance (ANOVA), a very significampact of the
yearbds conditions on yield was proven,Climae ehangestared t h
presented as decisive factors in determining yield and economic efficiency under different scenarios for cultivating
foragegrasshnds

Key words analysis of variance (ANOVAQlimatic characteristics, correlations, economic indicators,
foragegrasslands

INTRODUCTION droughttolerant grass species on terrains with
insufficient moisture is adversely affected by
Global warming poses a significant challengedesiccation processes. This, in turndeso a
to agricultural production and serves as areduction in yield, profit and the profitability
compelling argument for the cultivation of of the resulting forage.
forage grass species with enhancedrhe drastic climate changes in recent years,
adaptability and high productive potential combined with the high ecological plasticity
(Katova, 2023B]. Perennial legume and of meadow grass species and their cultivars,
grass forage plants intended for artificial provide a prerequisite for their broadese in
grasslandsdetermine theyield level and our country as a forage source for mixed
forage quality when appropriate componentcultivation with meadow grasses (Churkova,
ratios are maintained (Peyraud et al.,2019]3]. Introduced cultivars originating
2009]17]. The application of suitable from different regions are characterized by
agrotechnical practices during the specific  biological and  morphological
establishment and harvesting gfasslands properties, as well as productivity {@rkova,
influences the cost price and the prdfitdy =~ 2012)2]. Bulgaria is an important center of
of production. The correct combination of origin for genes of many forage crop species
species within the grass mixture determinegChurkova and Lingorski, 201[#)], and
the impact of production costs on profits, specific adaptation, along with purposeful
demonstrating that precision agriculture isutilization, can be key factors determining
vital for the management of cultivated cropstheir selection for inclusiomithe production
(Karbivska et al., 20207]. process of a given farm (Pecetti et al,
The composition of components within the 2009]16].
grassland necessitates its alignment with
ongoing global climate changes. Sowing
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In modern production conditions, the costs. The inextricable link between climate
successful  development of agriculturechange and environmental degradation poses
necessitates the creation of technologies baseal threat to species, reduces biodiversity, and
on utilizing the potential of perennial forage leads to ecosystem degradation. This
crops. The econoim efficiency of forage necessitates the search for @i regulation
production dictates the recommendation ofsolutions and ways to improve biodiversity in
technologies with optimal values for theseforage production and grassland management.
indicators (Konyk and Rudavska, 20[&)). The implementation of appropriate practices
Sown grasslandsvith perennial grass species that effectively mitigate both climatic and
are significant for ensuring the sustainableother environmental crises determines rational
development ofecosystems and providing a land managementSuch a practice in the
high ecological impact on the environmentforage production sector is the selection of
(Litvinov et al., 202011]. suitable species and cultivar compositions
The inclusion of legumes in mixegtasslands with the aim of creating highly productive and
offers opportunities for sustainable livestockeconomically efficient mixedrasslands

farming by increasing yield and the nutritional The recent rise in average global temperatures
value of the forage, while replacing inorganic mandateshe search for ways to cope with the
nitrogen fertilizers through symbiotic nitrogen consequences of climate change by applying
fixation (Luscher et al., 201A)2]. naturebased adaptation measures (Oyesiku
Perennial grass forage planpossess high Blakemore and Dondini, 2022p]. Climate
resistance to abiotic and biotic factors,change affects the physical and chemical
ecological stability, and adaptabilitfhey are characteristics of forage as well as digestive
widely distributed in natural meadows andprocesses (Moore and Jung, 20@B). The
pastures, occupying up to 80% of the correct selection of species within the
grassland grassland aligned with the biological
The species composition of a givgrassland characteristics of the crops and their
determinesits economic efficiency.Mixed requirements regarding soil and climate, is
grasslandsncluding legume crops have the decisive for the economic efficiency of the
lowest cost recovery period. The presence oproduced foage (Jung et al., 2076).

legumes in grass mixtures increasesyields from artificial grasslands largely
profitability by 1.4 2.0 times, while the cost depend on temperatures and the distribution of
per ton of feed units decreases byi1.8 precipitation. Climatic conditions are
times. Legmes in mixed meadow coenosesdetermining factors for maintaining biological
reduce expenses and the cost price, increasirgplance in nature (Kiriloet al, 2009]9] and
relative net profit and profitability by 216.5 the presence of species withigrasslands
times, and the return on investment by 40 (Hopkins and Holz, 2006]. Well-
120%. This can be attributed to the lowercoordinated agrotechnical measures,
costs of nitrogen fertilization, as nitrogen iscombined with soil and climatic conditions,
supplied by the plants themselves due to theletermine the formation of economically
ability of legumes to fix atmospheric nitrogen. efficient and ecologically pure grass forage.
Bird's-foot trefoil and alfalfa, when included Karbivskaet al. (2020)7] established that the
in grass mixtures, increase the share otultivation of perennial legumgrass stands
relative net income by 83 dollars compared towithout mineral fertilizersin the Carpathian
cereal crops (Ates et al.027)1], and price is region, this results in a net profit ranging from
a determining factor for the profitability of 1 1 . 1 t o 21.9 t housand
grasslandagrophytocoenoses and influencesprofitability rate of 151210%, and a
the overall level of expenditures (Pukalo andproduction cost of 1.62.0 thousand UAH per

Vyhovskyi, 2015]18]. ton of feed units. Thé&nergy Exchangeable
Climate is a determining factor for yield size, Coefficient (EEC) varies between 2.8 and 3.7
and risk management strategieagainst GJ ha T, whi |l e t he Coef

adverse climate changes create additionakfficiency (CEE) ranges from 6.4 to 8.5 GJ
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ha T, with ener gy ts n pheteshnofogyfor establishing figeasskareld u n
amounting to 3.14.3 GJ. The cultivation of areas included: plowing, double disking,
bird's-foot trefoil in mixed stands with cultivating, sowing, rolling, and harvesting.
meadow grasses ensures the highest levels &l manual and mechanized activities were
economic and energy efficiency. detailed in technologicalmaps for each
In this regard, there is a pressing issue relatedariant, and ecamic indicators were
to finding ways to satisfy animal needs calculated based on the resulting yield. From
through the production of economically the data obtained, an economic evaluation was
efficient and highquality forage, in performed, including the following indicators:
accordance with existing climate changeproduction costs (BGN/da), cost price
trends. (BGN/kg), gross revenue and gross profit
The aim of this study is to determine the(BGN/da). The pies of the seeds, materials,
impact of climate change on vyield andfuel, and consumables used are presented in
economic indicators in the production of BGN at market rates for the year of the study.
forage frompure and mixed grass species.  Statistical analysis of experimental data
includes: correlation analysisanalysis of
MATERIALS AND METHODS variance (ANOVA); multiple comparison of
meansusing the least significant differences.
The experiment was carried out at theThe following software products were used
experimental field of the Research Institute offor this purpose: Analysis Toolpak for
Mountain Stockbreeding and Agricultuie  Microsoft Excel 2010, Statgraphics Plus v.2.1,
Troyan. A randomized block design wasand STATSOFT Statistics for Windows 10.
applied with three replications, and the
harvest plot area was 5 m2. The followingRESULTS AND DISCUSSIONS
grasslad variants were studied: Bird's -foot
trefoil (Lotus corniculatud..); 2. Red clover In the first year of the experiment (Table 1),
(Trifolium pratenseL.); 3. Bird's-foot trefoil  the yield obtained from the pure stand of
(Lotus corniculatud..) + Red fescueHestuca bird's-foot trefoil, as well as from the tested
rubra L.); 4. Bird'sfoot trefoil (Lotus mixtures including bird'sfoot trefoil,
corniculatus L.) + Timothy-grass (Phleum exceeded those recorded for red clover grown
pratense L.); 5. Red clover Trifolium both as a monoculture and in comdtion
pratensel..) + Red fescueHestuca rubral.);  with timothy grass. Only the red clover + red
6. Red clover Trifolium pratensel.) + fescue mixture (830.9 kg/da) produced yields
Timothy-grass Phleum pratense.). comparable to those bird's-foot trefoil + red
Fertilization was adjusted according to thefescue andird's-foot trefoil + timothy grass,
species composition, cultivationonditions, which reached 842.5 kg/da and 821.8 kg/da,
and the intended use of the mixtures.respectively. Thdowest yield was observed
Phosphorus and potassium fertilizers werén the red clover + timothy grass mixture
incorporated during the main soil cultivation (635.263 kg/da), while the highest was
at a rate of 10 kg active ingredient per decarechieved by the tweomponent mixture of
(da), whereas nitrogen fertilizer was applied abird's-foot trefoil + red fescue.
a rate of 8 kg activangredient per decare.

Table 1. Dry masyield by years and avage for the period 2022025(kg/da)

Variants 2024 2025 Average for the period
1. Bird's-foot trefoil 677.9 1,1234 900.6
2. Red clover 661.1 1,2042 932.6
3. Birds-foot trefoil + Red fescue 842.5 1,2447 1,043.6
4. Birds-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 + Timothygrass 635.3 1,3796 1,007.4

Source: Own calculations.
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In the second year of observation of thethe formation of latespring and earhautumn
experiment, dry matter yield ranged from frosts, adversely affect tlaevelopment of the
1,123.4 kg/da in the pure stand wfd's-foot grass cover, while the cool summer is
trefoil to 1,379.6 kg/da in the red clover + attributed to the Osam River.

timothy grass mixture. The obtained resultsMeteorological conditions play a crucial role
clearly indicate that all grassland xnire in plant growth and development, as well as in
variants surpassed the yield levels recordedetermining the yield and quality of grassland
for the pure stands (Var.ilbird's-foot trefoil  forage. A favorable combinatin  of
and Var. 27 red clover).This proves that temperature and precipitation during the
mixed grasslandsre more resistant and more phenological phases is a prerequisite for high
productive. The red clover + timotilgrass and stable yields, which is reflected in the
mixture registered the highest value, followedresulting productivity.

by the combination of red clover + red fescueThe selection of species in mixguasslands
(1,274.9 kg/da). depends on the adaptation and resistance of
On average over the study period, the puréhe species and their cultivars to temperatures
stand ofbird's-foot trefoil recorded the lowest with large amplitude differences. Forage
yield (900.6 kg/da), whereas the red clover +plants germinate ati3°C, with the optimal
red fescue mixture proved to be the mostemperature for their development being 18
productive (1,052.9 kg/da) 20°C. Their regrowth in spring bew at a
The territory where the experiment wastemperature of iH°C, and the tillering of
conducted is characterized by significantgrasses occurs 105 days after regrowth.
climate diversity, determined by the iméince In the year of sowing (2024), the initial
of the Stara Planina MountaiB(jlgarig and development of the plants began at a
the physicegeographical conditions of the temperature of 9.3°C (Fige 1), while during
region. Intense daytime overheating andthe second year, the values of thislioator
nighttime cooling, which are prerequisites forwere 10.3°C (2025).

25

20

15

10

(&)

1 \ \% \ \i Wi IX X
w2024 m2025

Fig. 1. Monthly and average temperature (°C) during the growing season {\datcker)
Source: Own design and results.

Regarding the average values of théicator The soil moisture reserve determines the
during the growing season (Maidbctober), development of perennial grasses. Droughts
the air temperature in the first year wasare a common phemenon in the region and
higher, at 17.65°C, compared to 16.37°C ininfluence the phenophases of the individual
the second year. development of the crops in the mixed
grasslandsLow soil moisture is a prerequisite
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for a decrease in the productivity and qualityApril) was significantly lower in the second
of the resulting forage.The total annual year: 38.0 mm in March and 63.8 mm in
precipitation in the first year was higher, April, with an aveage for the period of 461.6
amounting to 537.8 mm, compared to themm. This decrease in precipitation values
second year (2025), when the average annuallayed the start of the grass vegetation. The
precipitation reached 461.6 mm (Figure 2).significantly lower levels of precipitation in
The year 2025 is characterized as drier, withJune (18.4 mm), July (36.2 mm), and August
the annual sum of praumtation being lower (19.2 mm) of the second experimental year
by 76.2 mm compared to the average of thavere tle reason for the inability to form a
previous year.The precipitation sum during second regrowth, which affected the annual
the period of active plant vegetation (March yield of thegrasslands
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Fig. 2. Monthly and annual precipitation sum (mm) during the growing season {\atctber)
Source: Own design amdsults.

Table2. Analysis of variance of the influence of year conditions on drssyiald from forage grasslands

ANOVA
Source of | g df MS F P-value Feit | Srengthof
Variation i nfl ueé
Year 6.636017 1 6636017 | 0062169 | 0.826369702 1851282051 92.84397
Conditions
of the 2855866 2 1427933 | 1337752 | 0069553008 19
years X
yield
Error 2134824 2 1067412
Total 3075985 5

Source: Own calculations.

The analysis of variance regarding thestudied pure and mixedrasslandsof the
factorial influence on dry mssyield in pure tested legume and grass forage species.

and mixedgrasslandss presented in Tab2 The conductedanalysis of variance indicates
The results of the analysis show values with dhat year conditins have the strongest effect
high degree of significance for the variants ofon yield, followed by their interaction.

the regrowths, the years, the composition ofThe influence of the year is proven at all
the grassland and their mutual influence, levels of significance for the studied
which confirms the established significantindicators, with the greatest effect being on
differences in productivity between the the vyield, whose impact amounts to
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92.84397% of the total variation of the 19% of its variation. The degree of influence
factors. The significant influence of the "yearof the traitinteraction of year conditions x
conditions" factor on the yieldvhich is one vyield, assessed throughd (strength of
of the most important traits in the productioninfluence of factors), proves the significant
of high yield and quality forageis also influence of year conditions on the yield. In
confirmed by other authordMuhova et al. this regard, the interaction dfd two factors
2023]14]. The effect of these two factors is is an important condition for manifesting
statistically significant. productivity stability when thegrassland
Regarding forage vyield, the interactiggar components are correctly combined according
conditions x yieldhas the largest relative to their adaptability under specific soil and
share in the variance of the tra®2(84397%). climatic conditions.

The composition of thgrasslandaccounts for

Table3. Corelation dependencies between yield, climatic conditions, and economic indicators

Yield Temperature| Precipitation Production Costprice Gross Gro_ss
costs revenue profit
Yield 1
Temperaturg 0.7851 1
Precipitation| 0.1682 -0.4039 1
Production 0.5564 0.8699 -0.4504 1
costs
Costprice 0.2520 0.6460 -0.5267 0.9293 1
Gross 1.0000 0.7850 0.1682 0.5564 0.2520 1
revenue
Gross pofit 0.7339 0.2229 0.5682 -0.1560 -0.4604 0.7339 1

Source: Own calculations.

Determining the relationships betweenThe differences in the strength of the
grassland productivity, climatic conditions, relationship regarding yield are likely due to
and economic indicators is of essentialthe variable response of the species and their
importance for the proper structu varieties to fluctuations in temperaturéne
ring of the production process in a given farm.amount of monthly precipitation, and its
The study of corrations provides an distribution during the formation of regrowths
opportunity for the correct selection of specieshroughout the years of the experimental
in mixed grasslandson which the yield and period.

the level of economic indicators depend.Dry matter yield shows the strongest positive
Since quantitative characteristics usuallycorrelation with gross revenue (r = 1) and
determine the economic results of forage frongross profit (r = 0.7339).Their statistical
sown grassesit is important to achieve an correlation coefficients of these analyzed
optimal balance between productivity anddependencies show that the correlation
economic efficiency in forage production. between the indicators is very strong.

The correlations between vyield andThe value of the correlation -coefficient
temperature show a strong positivebetween production costs and vyield is
relationship for these indicators (r = 0.7851)relatively high,r = 0.5%4. The cog price of
(Table 3). Among the climatic indicators, production is in a very weak positive
temperature showed a higher dependence thatorrelation with yield (= 0.25D).

precipitation on vyield formation. This is Production osts are in a high positive
explained by the high drought resistance andaorrelation with temperaturer (= 0.899).
good adaptive capacity of the sown forageThis is explained by the volume of the yield,
species, as well as their rate of growth andvhich in turn depends on production coestsl
development. Pragitation also showed a temperature values. There is also a relatively
positive but very weak dependence (r =good correlation between thgross revenues
0.1682) on yield. and temperaturer (= 0.7850. Cost priceis
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also in a positive relationship with The high factor influence estimated by the
temperaturer(= 06460. analysis of variance (ANOVA) confirms the
The data analysis indicates that temperatursignificant effect of year conditions on ydel
affectsproduction costs, feed cost price, andThe results of theANOVA and correlation
gross revenue, confirming the relationshipanalyses highlight the importance of the
between climatic conditions and the economiaelationship between climatic conditions and
efficiency of forage obtained from both pure forage crop yields. Predicted average yields
and mixed grasslands. can be used to estimate the required land area
A very strong dependence was observednd forage quantity, thereby allowg the
between cost price andqaluction costs (r = anticipation of production costs and expected
0.9293). However, the resulting relatively outcomes. This provides a basis for selecting
high positive correlation betweeagrossprofit  appropriate  technological solutions for
and precipitation (r = 05682) defines the establishing highly productive and
relationship between the economic indicatoreconomically efficient grass forage systems
and the influence of soil moisture availability. under changing climatic conditions.
Precipitdion is also in a positive byiroven

weaker relationship witrevenugr = 01682. @ REFERENCES

The level of profit and revenue also shows a

high interconnection, represented by thelllAtes, S., Keles, G., Yigezu, Y.A., Demirci, U.,
correlation coefficient r = 0389. Dogan, S., Isik, S., Sahin, M., 2017, Bio economic

. efficiency of creep supplementation of forage legumes
The data analysis demonstrates theor concentrate in pasture based lamb production

dependence of yield ogross revenue and systemGrass and Forage Science, 82:83.
temperature. Among the economic indicators{2]Churkova, B., 2012, Biometric performance and

productioncosts gross revenuand the cost productivity of varieties and local populations bird's
price of production are in high correlation and foot trefoil under the soil and climatic conditions of
depend on temperature, whidggossprofit is Troyan.Banat 0s Journal of2Biote

determined by the quantitative distribution of [3]'(;hurkova, B. 2019, Yield and botanical

precipitation. composition of bird'goot-trefoil cultivars in twe
component mixture with Kenthucky bluegra3sakia
CONCLUSIONS Journal of Sciences, 13-18.

[4]Churkova, B., Lingorski, V., 2011, Characteristics

of varieties and populations birdzot trefoil for seed
Climate changes are of critical importance foryield under the soil and weather growing conditions of
the cultivation ofgrasslandsunder specific the Troyan regionBanat 6s Journal of
environmental conditions. Depending on the!l: 4, 14-17.

holoaical ch " fth It d[5]Hopkins, A., Holz, B., 2006, Grassland for
morphological characteristics of the cultivate agriculture and nature conservation: production, quality

grass species and their requirements regardinghd multifunctionality. Agronomy Research, 4 (13-

temperature and precipitation, variants o0f20.

expected average yields can be predicted. THENung, E:Y., Gaviria, J., Sun, S., Engelbrecht,

results of te study indicate an increased B:MJ. 2020, Comparative drought resistance of

. . temperate grassland species: testing performance trade

'nﬂuenC.e of temperature on th? yield O.f.pureoffs and the relation to distributioDecologia, 192,

and mixed grasslands The high positive 1023 1036.

correlation of temperature with tipgoduction  [7]Karbivska, U.M., Kurgak, V.G., Kaminskyi, V.F.,

costs and gross revenueof the obtained Butenko_, A.O., Davydenko, G.A., Viunenko, OB,

forage, represented by high COrrelatiOI,]Vyhamaqu, SM Khomenko, _S.V., 20203 Economic
. . and energy efficiency of forming and using legame

coefﬂue_:nts, allows for the _forecaSt'_ng of cereal grass stands depending on fertilizBigainian

future yields through regression equations.  Journal ofEcology, 10(2)284288.

The interconnection betwearossprofit and  [8]Katova, A, 2023, Bulgarian varieties of perennial

grossrevenuewith precipitationalso proves forage" grasses developed at the Institute of Forage

the significance of climate change both forcrops i Pleven. ?ulgarlan Journal of Agricultural

. . . . Science, 29(5841 853.

yield formation and the economic eff|C|ency[ 9] sirilov, A. Vasilev, E

of the produced forage. Nutritive characteristics of grasses and legumes. In:

153



Scientific Papers Seriedlanagement, Ecolmmic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

Proc. o0Chalanges of the Bal kan ani mal i ndustry and the
role of science and cooperationo. IV I nt. Sci . Conf .
BALNIMALCON 2009, Trakia University, Stara
Zagora, Bulgaria, 29293.

[10]Konyk, H.S., RudavskaN.M., 2016, Economic
evaluation of the creation and use of hayfiekzothill
Mountain Agricul Animal Husbandry, 6@1-74.
[11]Litvinov, D., Litvinova, O., Borys, N., Butenko,
A., Masyk, I., Onychko, V., Khomenko, L., Terokhina,
N., Kharchenko, S., 2@2 The Typicality of
Hydrothermal Conditions of the Forest Steppe and
Their Influence on the Productivity of Cropgsnviron
Res Eng Manag, 784-95.

[12]LOscher, A, MuelleiHarvey, |., Soussana, JF.,
Rees, R.M., Peyraud, JL., 2014, Potential of legume
basd grasslandivestock systems in Europe: a review.
Grass Forage Sci., 69(206-228.

[13]Moore, K.J., Jung, H.J.G., 2001, Lignin and fiber
digestionJournal of Range Management 820-430.
[14]Muhova, A., Stefanov®obreva, S., Stoyanov, H.,
2023, Grain yield of Bulgarian and Polish Triticale
varieties under conditions of Central Southern
Bulgaria. Journal of Mountain Agriculture on the
Balkans, 26 (3)77-90.

[15]OyesikuBlakemore, J., Dordi, M., 2022,
Managing permanent grasslands for carbon
sequestration in Scottish soils. University of Aberdeen
Technical Report. Climatexchange, Scotland’s centre
of expertise connecting climate change research and
policy, pp. 30.

[16]Pecetti, L., Annicclarico, P., Battini, F., Cappelli,
S., 2009, Adaptation of forage legume species and
cultivars under grazing in two extensive livestock
systems in Italy.European Journal of Agronomy, 30
(3),199-204.

[17]Peyraud, J.L., Le Gall, A., Lischer, A., 2009,
Potential food production from forage legurbased
systems in Europe: An overviewrish Journal of
Agricultural and Food Research 48 (2)5 135.
[18]Pukalo, D. L., Vyhovskyi, I.M., 2015, Economic
evaluation of the creation and use of cereals depending
on the tillage and composition of grass mixtures.
Naukovyi visnyk LNUVMBP im. S. Z. Hzhytskoho,
17,V 1-3 (61), 162166.

154



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

STATISTICAL ANALYSIS OF ECONOMIC INDICATORS AND THE
NUTRITIONAL VALUE OF FORAGE FROM BIRD'S -FOOT TREFOIL
FERTILIZED WITH BLAGO 5 AND FERTILEADER AXIS

Katerina CHURKOVA

Research Institute of Mountain Stockbreeding and Agriculture, Troyan 5600, Bulgaria
Agricultural Academy of Bulgaria, 1373 Sofia, Bulgariantail: katerina.churkova@abv.bg

Corresponding autharkaterina.churkova@abv.bg
Abstract

During the period 2022023, a scientific research experiment with bifd'st trefoil (Lotus corniculatus.) was
conducted at the experimental field of the RIMSdyan with the following fertilization options: Blagoi5300

ml/da; Blago 51 600 ml/da;Fertileader Axisi 500 ml/da and~ertileader Axisi 1000 ml/da. Through statistical
analysis of economitndicators 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 grosvenue 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, igedphgression 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 prowes 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 corniculatug.., correlation and regressiorelationships, economic indicators, nutritional value

INTRODUCTION and pasture, the content of crude protein,
minerals, vitamins, neutral detergent fiber,
Bird's-foot trefoil (Lotus corniculatud..) is @  and in vito dry matter digestibility increases,
perennial forage legume crop (Sun et al.and animal productivity increases accordingly
2014) [19] with excellent adaptability to (Phelan et al., 2015) [17].
different soil and climatic conditions (Uzun et The inclusion of protein crops in grasslands
al., 2016) [23], high productivity and improves the species diversity of the
nutritional value (Mountousis et al., 2008) mountain ecosystem, the even distribution of
[15] of the forage. Grown in s@- forage and conitbutes to its high quality
mountainous and mountainous conditions, it(Annicchiarico, 2008) [1].
produces a high dry matter yield combinedThe development of a more favorable
with high forage quality (Churkova, 2010) economic environment linked to the
[5]. development of technologies suitable for
Feeding farm animals requires thespecific soil and climate conditions
development of costffective strategies determines the conduct of adaptive research
related to forage yield and quality (Khanal etwith the aim of increasing animal production.
al., 2010) [12]. Animal feed costs account forThis depends on economic policies and the
a large part of total variable costs, whichavailability of greater investment in
determines their proper management, therebfacilitating institutions, marketing systems,
affecting the profitability and sustainability of and infrastructure that provide the necessary
animal production (Finneran et al., 2010) [10].services to support technological changes in
Legumes and birdfoot trefoil as leguminous crop and livestock production (Kiryanov and
forage crops are a key element of meadow anMikhaylov, 2012;Stelmakh et al., 2021) [13;
pasture ecosystems, on which the quality ofi8]. In a market economy, competition
forage depends. With their inclusion in hayrequires the application of new technological

155



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

solutions that lead to increased productivity,trefoil was established at a seeding rate of
reduced costs, and greater profitabiland 0. 1 2 k ge fértdizer was a@irhinistered
efficiency in production. In this regard, much using a sprayer at a dose of 6 ml at the onset
of the scientific research is related to theof the budding phase of the crop. The
search for opportunities to increase the yieldgrassland was harvested at the early flowering
of green and dry matter in a number of foragestage of the cultivated species.

legumes that are important for our country. ToBlago 5 organic fertilizer contains nitrogen
this end, variousagrotechnical measures are (N) 2.18%, phosphorus (#s) 10.3%, total
applied, related to balanced fertilization andpotassium (KO) 17%, magnesium (MgO)
treatment with foliar fertilizers (Ventroni et 0.5%, manganese (Mn) 0.5%, zinc (Zn)
al., 2010; Churkova, 2012) [6; 24]. 0.58%, copper (Cu) 1.0%, boron (B) 0.5%,
Recently, the use of biofertilizers has becomemolybdenum (Mo) 0.08%, cobalt (Co) 0.13%,
widespread in agriculture, providing more humic and fulvic acids not less than 2%,
protein,increasing digestibility and nutritional organic lake sapropel subste >/ = 67%, pH
value of forage (Klimas and Balezentiene,6.57 7.5.

2010; Churkova, 2013) [7; 14]. Fertileader Axis is a systemic product with the
A key criterion for the modern assessment offollowing chemical composition: nitrogen
grass biomass quality is the precisecontent- 3%; phosphorus 18%; zinc5.7%;
determination of its energy nutritional value, manganese?2.5%.

defined by fed units for milk and growth The principal economic indicators were
(Todorov, 2010) [21]. estimated based on developed technokig
Sustainable forage production depends on theaps averaged over the study period,
agricultural  practices and  integrated encompassing all technical operations
approaches used in the cultivation of meadowassociated with the establishment,
grasses in order to ensure higinality forage management, and harvesting of the grassland.
with high economic value. These indicators were derived on the basis of
The aim of the study is to perform statistical dry matter yield. The calculated economic
processing of the data, which determines théndicatas on which the correlation
relationship between the economic indicatorsdependencies and regression equations are
obtained and the indicators characterizing thdased are: production costs, cost price, gross
energy nutritional value in the production of revenue, gross profit and profitability
forage from bird'doot trefol after applied (Churkova and Churkova, 202[8).

biofertilizing. The nutritional value of the forage was
obtained according to ¢hBulgarian system
MATERIALS AND METHODS for feed units for milk (FUM) and feed units

for growth (FUG) and calculated on the basis
During a scientific experiment carried out of equations specified by Todorov et al.
from 2021 to 2023 at the experimental field of (2010) [22]. The in vitro enzyme digestibility
the Research Institute of Mountain of dry matter (%) was determined according
Stockbreeding and Agriculture in Troyan, theto the method ofufrere (1982) [2] using a
forage nutritional value andkey economic two-stage pepsheellulose method (Churkova
indicators were evaluatefbr the bird'sfoot and Churkova, 2025) [9].
trefoil (Lotus corniculatus L.), variety The conclusions and results of the correlation
ATar g o v iBasict agrondmicopractices analysis are used to solve specific problems in
were applied, including fertilization with the agriculture. It allows correlation relationships
biofertilizers Blago 5 in doses of 300 ml/dato be studied n parallel with the results
and 600 ml/da, anddrtileader Axis in doses achieved in external cases. In practice,
of 300 ml/da and 600 ml/dahe scientific correlation and regression analysis are often
research experiment was conducted using thesed together. They make it possible to
block method in four repetitions with a determine and assess the strength of the
harvest plot size of 5 m The bird'sfoot relationship between a given variable and one
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or more othervariables that determine it Correlation Dependencies

(lvanov, 2011) [11]. Correldion analysis shows very different
In the agricultural sector, the correlationsvaluesbetween economic indicators and the
between occurrences are mifigtctorial, with  nutritional value of bird'doot trefoil feed
each occurrence depending on a multitude okfter applied biofertilization (Table 1)t is
factors, causes, and conditions. For thissvidentthat a significantly higher correlation
reason, the multiple linearregression was observed among the economic indicators
technique can be used. Each regressiobompared to the indicators characterizing the
coefficient shows by how many units the relationship between economic metrics and
result (impact) changes ¢}/when the #th  those determining the nutritional value of the
factor changes (+/ by the same unit forage Gross revenue is in the stgmst
(Todorov, 2004) [20]. Of particular positive correlation with total yield (r =
importance in the application of regression0.99742) and gross profit (r = 0.99748pst
anaysis is the size of the sample. The methodgrice has a high positive correlation with the
is applicable only when the phenomena undevalues of production costs (r = 0.97937). This
study are represented by strong scalegesult indicate that the cost price of feed
(interval or relative), i.e., the studied production is influencd by the level of
characteristics are measured. production expenses.

RESULTS AND DISCUSSIONS

Table 1. Correlations between key economic indicators and the nutritional value offdutdteefoil forage
following biofertilization

T_otal Producti Cost price Gross Grqss Prqfltabl GE EE FUM FUG VDM
yield on costs revenue profit lity D
Total yield a
Producti- -0.13976 1
on costs
Cost price -0.33585 0.97937 1
Gross 0.99742 -0.21033 -0.40248 1
revenue
Gross 1 -0.13979 -0.33587 0.99743 1
profit
Profitabili - 0.31270 -0.98226 -0.99629 0.37966 0.31272 1
ty
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 registeredachieving economic efficiency combined with
between exchangbéleenergy and: yield (#-  quality feed production.
0.71617), production costs @ -0.42229); The analysis of the statistical correlation
cost price (r=-0.24651); gross income f&-  coefficients of production costs shows that
0.67753) and gross profit (= -0.71616), they are in a very strong negative correlation
which indicates that excharg@e energy has with profitability (r = -0.98226). The same
a weaker impact on economic indicators. Antrend was observed for the unit cost indicator,
average positive correlation was establishedvhich shows a strong negative correlation
between exchangble energy and with profitability (r =-0.99629). Total yield
profitability (r = 0.30414), which confirms the and gross revenue have a high
importance  of fertilization and the interconnection, expressed through a
interrelationship of these indicators in correlation coefficient value of r = 0.99742.
The high corelation between gross revenue
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and gross profit (0.99743) demonstrates dindings. The analysis of economic factors is
strong dependency between these twarucial for achieving production goals
indicators. (Moutinho et al., 2018) [16]. After economic
The significant correlation between feed unitsefficiency, the quality of feed, represented by
for growth and feed units for milk (r = enegy efficiency, is of essential importance
0.99366) proved the good relationshipfor agricultural producers (Carlier et al., 2011)
between thee two indicators determining the [4]. The introduction of appropriate
nutritional value of forage. Feed units for milk agronomic practices, such as fertilization,
and feed units for growth are highly correlatedleads to improved profitability in growing
with exchangeable energy, with correlationdifferent crops on individual farms. €h
coefficients of r = 0.99008 and r = 0.98580,analysis of economic and energy efficiency
respectively. data reveals the relationship between the two
A positive correlatiorwith average interaction types of efficiency. The results indicate that
between economic indicators and nutritionalthe application of the biofertilizers Blago 5
value was observed only between grossand Fertileader Axis had a beneficial effect,
energy and production costs, expressed by eesulting in positive ecamic and energy
correlation coefficient of r = 0.6088, and efficiency outcomesThis demonstrates that
between gross energy and cost pricethe applied technological approach leads to a
expressed by a correlatiaccoefficient of r = reduction in production costs and feed cost
0.523025. This proves that the energyprice, due to the positive relationship between
nutritional value determines the amount ofgross energy and these two economic
production costs and the cost price of thendicators. Fertilizabn with the tested
obtained feed production depending on thebiofertilizers at the applied rates proved to be
applied agrotechnical measure of fertilization.an effective agrotechnical practice for the
In this case, fertiiation is in accordance with cultivation of bird'sfoot trefoil.

environmental standards, due to importedBased on the developed technological map,
organic fertilizers. A significantly better which includes all agrotechnical practices for
manifested average positive correlation wadeed production, e structure of production
observed between gross energy and: yield (r sosts was analyzed, and it was established that
0.34586), gross profit (r = 0.34584), and aimported biofertilizers are the key factors
weak onebetween gross energy and grossinfluencing feed productivity. Both economic
income (r = 0.29599). Feed units for milk andand energy efficiency were improved as a
growth are also in an average positiveresult of the applied fertilization inputs. The
correlation with the profitability (r = 0.41714 type of fertilizers and their doses increase
and r = 0.35054) of the produced feed. yields and affect productivity in different
These dependencies are of practicalvays and from there on the quality of the feed
importance and maphasize the role of and economic efficiency.

indicators determining energy nutritional The calculated correlation dependencies were
value and yield in the formation of economic able to prove that fertilization determines the
indicators and provide guidelines for thechang in the valuef economic indicators
application of organic fertilizers in feed and nutritional value of feed, as well as the
production. dependencies between them. The high
The results reported by Boczar andcorrelation coefficients between the economic
B § a U e-iMajka y2R24) [3], showing that indicators themselves and those reflected
combined economic and energy efficiency isbetween the nutritional value indicators make
positively associated with both economicit possible to conditionally determine the
efficiency (r = 0.610) and energy efficiency (r relationship between gross revenue and gross
= 0.870), suggest that the dgdficiency profit, as well as feed units for growth and
model provides a balanced representation ofmilk with exchangeable energy, which
f ar me oromic imterests and regional provides a basis for deriving regression
energy security, and are consistent with ouequations.
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Fig. 1. Regression and regression equation between exchangeable energy and feed units for milk in the production
o f  bfoot teefdikforage after biofertilization with Blago 5 and Fertileader Axis
Source: Own design and results.

Exchangeable energy is in a good correlatiorequaton (Figure 1) between these two
dependency with the feed units for milk (r = indicators are presented by the equation y =
0.99008), which confirms the strong 0.1163xi 0.2009 with a very high coefficient
interconnection between them. The theoreticabf determination R= 0.9803.

regression line and the regression dependency

0.9
0.8 -

0.7 SRS SO YT il

(ED y =0.1519%0.5678

R2=0.971
0.3

0.2
0.1

0
8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9 9.1 9.2

EE

Fig. 2. Regression and regression equation between exchangeatpjeagkfeed units for growth in forage
production from bird'doot trefoil after biofertilization with Blago 5 and Fertileader Axis
Source: Own design and results.

The high coefficient of determination betweendependence between these two indicators.
exchangeable energy and feed units fofThey are presented in Figure 2 by the equation
growth determines the theoretical regressiory = 0.1519x 1 0.5678 and a very high
line and the equation of regressioncoefficient of determination®= 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'$oot trefoil dter biofertilization with Blago 5 and Fertileader Axis
Source: Own design and results.

The high correlation allows us to derive thepresented in Figure 3, expressing the very
regression equation y = 1.3033R0.3034 with  strong dependence between feed units for
a coefficient of determination ?R= 0.9874, milk and feed units for growth.

2140
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1980 e y = 0.9439x + 107.54
1960 ' R2=0.994
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Gross profit

Fig. 4. Regression and regression equation between gross revenue and gross profit in the produeiienfiainfo
bird's-foot trefoil after biofertilization with Blago 5 and Fertileader Axis
Source: Own design and results.

Figure 4 shows the regression equation y Zreliminary determination of gross profit,
0.9439x + 107.54 with a coefficient of depending on the groseevenue obtained,
determination R= 0.9%9 after establishing a represented by the above equation.
high correlation between gross revenue andExchangeable energy makes it possible to
gross profit after applying Blago 5 and predetermine the main indicators of
Fertileader Axis biofertilizers to a single crop nutritional valuei feed units for milk and
of bird'sfoot trefoil. growth, which are essential for proving the
The highest degree of influence due toenergy nutritional value of forage.

fertilization is exerted by the intelationship

between gross revenue and gross profit afteCONCLUSIONS

the highest correlation and regression

dependence between these two indicators wabhe introduction of Blago 5 and Fertileader
established. This is a good prerequisite for théAxis biofertilizers on a seléeeded grassland
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and gross profit (r = 0.99743), as well aSTroyan.Ba nat é6s Journal o#2- Bi ot e

between feed units fanilk and exchangeable 4g
energy (r= 0.99008); feed units for growth [7]Churkova, B., 2013Influence of treatment with
and exchangeable energy (r = 0.98580); feediofertilizers over the chemical composition and the
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. ]Churkova, K., Churkova, B., 2025, Effect of organic
increases the gross energy of the feed, and E rtilizing on the composition of fiber components of

in an average positive Correlat_ion with thecell wall and mitritional value of bird'doot-trefoil
production costs and the cost price of the feedLotus corniculatusL.) forage. Bulgarian Journal of
sold. Agricultural Science, 31(4552659.

. . . . . Forristal, D, Wallace, M, 2010,Simulation modelling
regression models with the highest coefficient " "0 of producing and utilising feeds for

of determination (R= 0.9949), the Correl?‘tion ruminants on Irish farmsl. Farm Manag., 145 116.
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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 earliersystems el dom required. Given the cropdbs thermophil
the establishment method either offiehd planting or cultivation in unheated solar tunnels, an agronomic choice

that carries implications for both productivignd longefterm resource sustainability. Between 2019 and 2021, at
the AV. Adamachi 06 Experi ment al Station, wore examine
two systems. Transplanted seedlings were maintained with relatively unifogetioni and fertilization regimes,
allowing the analyze of the factors that shape yield formation and resosecefficiency, even though minor
seasonal variations still occured in practice. The comparative results indicated a consistent advantage for the
protected environment: yields increased by approximately @ relative to opeiffield 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 welMirval 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 (Solanumrmelongena L.), high tunnel cultivation, opié#ld production, yield components,

INTRODUCTION appears |linked to the cr
to stabilized, moderated environments [19].

Eggplant Solanum melongena )L has Unheated greenhouses and simple plastic

gradually assumed a prominent role amongunnels enable growers to extend the season

vegetable species, not only because of itbeyond what open fields usually permit, while

nutritional profile and the concentration of also adjusting the microclimate in ways

antioxidant compounds it contains, but alsooutdoor systems simply cannot [18]. These

due to the way it seems to integrate intoadvantages have become more salient as

culinary traditions [9], [20], [16], [14]. weather patterns show an increasingly erratic

Currently, the eggplant crop occupies roughlybehaviour from one year to the next, pushing

1.8 million hectares worldwide, fronthe agr i cul tur e toward for

milder Mediterranean zones to humid tropicalintensif cat i ono t hat are no

regions, and even in places that challenge thenplement [2]. Even under careful

species beyond its comfortable thermal limitsmanagement, certain seasons still behave out

[15]. of step with expectations.

Over the past few decades, a steady shifDespite these benefits, a significant number of

toward protected cultivation has becomefarmers continue to rely on opéeld

visible [10]. A growing mmber of producers production, partly due ttamiliarity and partly

rely on solar houses or other controlledbecause the upfront costs remain far lower [8].

structures, and eggplant now ranks, accordin@his method demands fewer technological

to Rasouli, among the top greenhogsewn inputs, yet exposes the crop to abrupt

vegetables, fourth place, although the exactemperature declines, uneven rainfall, and a

position tends to fluctuate depending on theaange of pest pressures. Each of these factors

dataset consulted while this movement may curtail, &times quite severely, the level
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of productivity that eggplant can achieverepeatedly presured by climatic instability.
when grown under more buffered conditions. Although the advantages of protected
Selecting an appropriate cultivation systemcultivation are freqently mentioned in the
has become a rather persistent challenge ilterature, the way eggplant actually performs
sustainable agriculture, as producers musin these structures, especially when set against
attain high yields while avoiding the gradual openfield systems, remains only partly
depletion of the resources on which thec| ar i fi ed, mor e S 0 under
system relies [13]. In temperate continentalspecific climatic constraints and with the
regions, the northeastern part of Romanianewer hybrig@ that have come into use in the
offers a familiar example, summers generallypast few years. In several cases the available
supply adequate heat, yet the frbse perod evidence is either fragmentary or, too narrow
remains unexpectedly short. This compressetb show how these cultivars react under the
window limits the growth trajectory of two contrasting environments. The national
thermophilic crops such as eggplant whemand international literature offers relaly
they are placed directly into open soil. little multi-year evidence capable of
Protected structures, by contrast, generate quantifying, with some precision, the
buffered microclimate, something akin & differences in yield or quality between the two
moderated shell around the plants, whichestablishment methods, and even less when
permits transplanting slightly earlier and economic sustainability is brought into the
allows the harvest period to extend beyondliscussion.

what the field usually tolerates [6]. Suchlt is recognised, for exampléhat excessive
environments also shield the crop fromheat inside greenhouses may suppress
unpredictable rainfall events or sudden windproduction if ventilation is not managed
bursts that leave fieldrown plants partly bent adequately, and the lack of natural pollinators
or stressed. Under these more stablean weaken fruit set [1]. One study even
conditions, vegetative growth tends toreported that a highly controlled greenhouse
accelerate and yields increase, whereas-opeproduced unexpectedly smallgields than
field plots remain exposed to abrupt abioticadjacent field plots because pollination
shifts and to continuous insect or diseas dropped off and light penetration inside the
pressure that may, at times, cut deeply intcstructure was poorer than anticipated [4].
productivity. These observations raise an unresolved issue:
Recent research reinforces the advantages ¢d what extent the theoretical advantage of
protected systems. Shaik et al. (2023) showegrotected cultivation an be translated into
that organic eggplants cultivated in tunnelreal, fieldlevel gains once its limitations are
greenhouses produced roughly 84% more thaacknowledged, and how differently eggplant
those in the openfield, largely due to hybrids reacts to what are, essentially, two
improved fruit set and a modest increase ircontrasting environments.

average fruit mass [17]. Resource use can alsbhe present study aimed to clarify this
be reduced; water illustrates this particularlyambiguity by examining eggplangrown
well. In semiarid environments such as under two establishment systems, a solar
Egypt, studies have shown that greenheuseunnel and the open field under conditions
grown eggplats required nearly 90% less kept as uniform as the site realistically
irrigation than their field counterparts, while allowed. Attention was directed to total yield,
net profit increased by more than 80%, even ikey yield components (fruit number per plant,
seasonal costs did not remain fully constantaverage fruit weight, timingf first fruit set),

as so often happens [6]. and several practical variables with relevance
Taken together, these observations indicatéor growers, including wateuse efficiency
that protected dtivation offers considerable and the broader ecomic interpretation of the
potential for improving both economic crop. The hybrids selectedyiirval F1 and
outputs and resource efficiency, especially inBlack Pearl F1 are part of a more recent
areas where opdield production is cohort of hidg-performance genetic lines.
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Both are marketed for protected and outdooclimate summers tend to be warm, with July
cultivation, though their profiles differ: Mirval means around 222°C, although a fair
F1 is generally classified as very early andnumber of days rise well above 30°C. Rainfall
relatively stable across environments [5],occurs irregularly and, rather often, at
whereas Black Pearl F1 is usuallymoments that complicate opéeld
recommendedor openfield production [7], management, influencing crop performance
producing mediunto-large fruits with a more than producserusually care to admit
teardrop shape and a high degree ofl11]. Each experimental cycle began in early
uniformity, even if its performance shifts a bit spring and continued into autumn, with
from year to year. harvests collected through summer and the
Given these circumstances, it was reasonablearly part of autumn. The same design was
to anticipate differing responsedt was implemented during 2019, 2020 and 2021,
assumed that the moderated microclimate oéllowing the datasets tcemain comparable
the solar tunnel would increase yields in bothand, at least in principle to provide more
hybrids, perhaps more stronglyBtack Pearl dependable trends, even if small seasonal
F1, known for its vigour and capacity to shifts did appear from one year to the next.
exploit longer, steadier growing windows.

Mirval F1, owing to its earlymaturity, was Table 1.0verview of the experimental framework

expected to use the shorter outdoor season Factor Practical meaning Examfiijomme
more effectively. Accordingly, Mirval F1 was - Compares crop Solar greenhouse
hypothesised to initiate fruiting earlier and to CLrJrI]te“t/f?(t)lgn pr(ﬁggger?::\(/:ifolgrﬁent setting, conventional
form more fruits overall, whereas Black Peatl and in open field field plots
F1 would likely express heavier individua . Two modern hybrids | -y, a1 F1. Black Pearl
fruits Hybrid used assessed for their I’:l
. contrasting traits
To verify these assumptions, a thigear seediin Sevvﬁt(ﬂ'gg;n?éf’sﬁgs';;i‘y Transplanting
factorial experiment was implemented, With production under controlled | Performed once plants
close monitoring in both environments and temperaure
. . . . . Transplant dates adapte A
identical technological practices, so the Planting | | "o tic fisks in each| Creenhouse: mid to lat
. . . calendar April; Field: early May
influence of each factor could be objectively ————— tsytstetm _ i g
. e . .. Phenological ants start growing oughly a three wee
identified. The StUd_y therefore pr0\_/|des> advantage in| earlier under protection advance in early
locally generated evidence, still relatively greenhouse than outdoors development
scarce in the region regarding comparatiye Mival F1 ﬁ;ﬁ;ﬁﬂf{;y‘,ﬁ 9990 | Earlier frut initation,
performance in greenhouse and ofiefd traits yield potential higher fruit number
Vigorous hybrid . .
eggpla_nt s_ystems. . o . Black Pearl | producing larger fruits, ngrr;%rufsrtjsemzts;t,ivrgore
Such findings contribute to decisiomaking F1 traits performs strongly in grow?h
; o open field

for grO\_Ne_rS and_1 eventual_ly, fOt.’ policy act_or " Expected | Anticipated variability in | Mirval favoured by
by clarifying which straggies align best with h)?bri 4 response to field timing, Black

e : : . environmental Pearl enhanced in
local conditions. Improvements in production differences Conditions reenhouse

efficiency and a more deliberate use of naturakource: authors' elaboration.

resources have the potential to reinforce long

term resilience, even if, as field practice oftenFor ease of interpretation, the accompanying
shows, seasonal behaviour does not remaitable groups the principal experimental factors
perfectly consistent. and indicates how each was applied in
practice, including brief notes from field
observations. Organising the information in

this manner makes the operational eliéinces
The research was carried out from 2019 tdhetween the two cultivation systems

MATERIALS AND METHODS

2021 in the veget abl somewhal éldarerf dn® Isubgestso fiow ttHe e
Adamachi o0 Resear ch amulids Sérel dxpatted td behdve) ithowh
Station, | aHi, R o malaritsain real Plotse haveaar téndency lofsnot
characterised by a temperaientinental following plans as neatly as theory would
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sometimes like. Table 1 summarizes the This splitplot-type configuration was shaped
principal elements of the experimental design,largely by physical limitations, as greenhouse
indicating how each factor was defined andand field microplots cannot be shifted around
applied across the two cultivation systemsjlike small pots. Nevertheless, the thyear
showing how the hybrids could diverge inrepetition provides the design with strong
their behaviour and allowing the vyield comparability;each season acts as a temporal
outcomes to be read against the broadeblock that, in a way, tightens the reliability of
agronomic ¢éndencies that emerged, evenifat h e dat aset, even i f p |
section of yeato-year drift was, unavoidably, cooperate perfecily.

still present. Overall crop management

The greenhouse used in the trial was arop management was maintained as closely
straightforward, unheated tunnel covered withas practicable between the two cultivation
PE film, equipped with manually operated systems, since the intention was for any
side vents, and occupying rough®0 m?2. differences to arise from the experimental
This area was sufficient for arranging all factors rather than from extra technological
treatments and replications without forcingvariability. Prior to planting, the soil received
plants into an unnaturally tight spacing. Thewell-decomposed farmyard mandrabout
openfield plots assigned to the unprotected30 t ha, incorporated in autumn to prowid
variant were situated only a short distancereasonably uniform nutrient background. At
away, on the same walrained cambic transplanting, a small starter dose was placed
chernozem, ensuring that soil variability directly in each planting hole, roughly 5 g of a
would not interfere with comparisons. Soil 14-14-14 NPK formulation, a routine measure
preparation followed the standard routine:many growers use to help seedlings settle a bit
autumn plowing, disking, and bed formation. quicker. Throughout the vegetation period,
Inside the tunnel the beds ended up somewhdioth systems followed the same {@ssing
wider, to make slightly bter use of the schedule. Ammonium nitrate was applied
protected surface, although planting densitythree weeks after transplanting at around 50
was kept the same in both systems, at least ikg ha, followed by two monthly applications
theory; small deviations do slip in during of a 2620-20 fertilizer, close to 5 kg ha each
fieldwork. time. These ates were adjusted in line with
Plants were spaced 70 cm between rows anplant development, although in a few plots the
40 cm on the row, a configuration equivalenttiming slipped slightly, as field tasks rarely
to approximately 35,000 plants ha. Eachunfold with perfect precision.

experimental plot, corresponding to one AxBlrrigation relied on drip lines one per row, in
combination, contained four rows with ten both the tunnel and the open field, all
plants per row, yielding forty plants over an connectedd the same water source so that no
effective surface of a little under 11 m2. hidden discrepancies would creep in
The study employed a twlactor randomized unnoticed. Under typical weather conditions
block arrangement with three replications.watering occurred twice weekly; during hotter
Factor A, the cultivation environment could intervals it increased to three times, supplying
not be fully randomized, since each blockroughly 2530 mm per week, with opefreld
necessarily included one greenhouse sectioadjustments depending on rainfall. The
and a corresponding opéeld section greenhouse limited evaporation and saved
positioned nearby. For this reason only thesome water, though under our temperate
hybrid factor was randomized within each conditions the effect was noticeably milder
environment, while the environment itself than what is often reported for arid regions.
functioned, in practice, as a fixed factor.To reduce water loss and suppress weeds,
Comparisons between the two systems werblack poyethylene mulch was laid across the
made across the three experimental yearsoil surface in both environments. It also
with hybrid treatments replicated inside bothmaintained slightly higher soil temperatures at
environments. the beginning of the season, an advantage for
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eggplant establishment, even if that benefidevelopmental stage apped, seedlings
tends to fade as summer progresses thed taking hold after transplanting, the onset of
soil warms on its own. flowering, the first visible fruit set, and later
Disease and pest control the moment when fruits reached a marketable
Disease and pest management wasize. A marked difference in earliness
approached through a mix of preventive stepemerged: plants inside the tunnel began
and direct interventions whenever theflowering roughly 710 days ahead of those in
situation genuinely required it, following the the open field. Between the two hybrids,
general principles of Integrated PestMirval F1 maintained its reputation for very
Management [3]. In the open field, the mainearly maturity, usually reaching the first
pressure came from insect pests most notabligarvest about 5 days befoBtack Pearl F1.
the Colorado potato beetleLdptinotarsa This tendency was seen in both systems,
decemlineata which has the habit of although the exactcalendar dates drifted
appearing almost abruptly in certain seasonsslightly from one year to another.

Populations were kept under control throughHarvesting was done manually in successive
targeted applications of biological productsrounds, once fruits showed the usual
such as spinosad and, once the threshold afdicators of commercial maturity, glossy skin
economic damage was passed, a few of thand the firmness typical for each hybrid. In
newer chemical options, though the use oimost seasons the tunnefoduced its first
these was held as low as practidakide the marketable fruits toward the end of June,
greenhouse the beetle rarely becaméssne, whereas opefield plants reached their first
the structure functioning as a partial barrier,picking only around miduly, making the
but close supervision remained necessary tadvantage of the protected environment fairly
catch early aphid or whitefly outbreaks. evident. Harvests continued until yields fell to
Yellow sticky traps were used for monitoring, negligible lewels: in early October inside the
and treatments relied mainly on potassiumunnel, when night temperatures dropped
soap or neerbased formuladns, avoiding below 10°C, and by mi$eptember outside,
synthetic substances in the enclosed spacafter the first light frosts stopped growth.
whenever it was reasonably possible to do so.For each plot was recorded total yield in
One element that demanded more attentiokilograms and converted it to a peectare
was pollination. Outdoors, pollination basis. Frit counts were also taken to estimate
proceeded largely by itself through wind the mean number of fruits per plant. Average
movement and insects; althougkggplant fruit weight was determined both from the
flowers are selfertile, they respond better ratio of total yield to fruit number and from a
when receive a mechanical vibration from20-fruit sample weighed at peak harvest, a
pollinators.In the greenhouse, where naturalprocedure that helped smooth out thealisu
pollinator activity is much more limited, two small irregularities in fruit size. Plant height
complementary measures were adopted. Theas measured at the end of the cycle
tunnel was ventilated dailpy opening side (September); both hybrids remained within
vents and doors during the warmer hoursyoughly 7G 90 cm, slightly taller in the tunnel,
allowing some insects to enter, andthough these differences had no real effect on
bumblebee hives Bombus terrestris were vyield.

introduced close to the onset of flowering.

These bumblebees provide the vibrationaRESULTS AND DISCUSSIONS

pollination essential for the cropand

published work reports yield increases ofThe comparison between the two cultivation
around 2025% in protected systems when systems showed marked and fairly consistent
such hives are used [12]. differences in total yield per hectare across the
Data recording and statistical analysis three study years. Plants grown in the solar
Data were collected throughout the seasontunnel outperformed those in the open field in
with observations entered whenever aevery seasonand this held true for both
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hybrids without any real exception. When thewith the small but persistent stresses that

averages were considered

together,

thaccumulate in opefield settings (Table 1 and

protected environment produced close to 60%-ig. 1).

higher yields than the outdoor plots, which,Taken together, the two hybrids produced
more or less, aligned with the expectationsclose © 60% higher yields in the protected
formed at he outset.
For Mirval F1, mean yield reached roughly tendencies have been reported elsewhere,
65.3 t ha in the tunnel, whereas the same&vhere greenhouse systems often promote a
hybrid produced around 45.1 t ha in open greater fruit set and, in certain seasons, a
field conditions. The contrast was sharper forslight increase in fruit size. The fact thaisth
Black Pearl F1 which recorded about 70.4 t difference appeared yearly and for both
ha under protection but on#§0.2 t ha outside. hybrids, despite their distinct growth habit

Expressed in relative terms$Black Pearl
gained nearly 75% over its opéeld yield,
while Mirval showed an increase of aboutfor

environment than in the field plots. Similar

supports the idea that controlled structures
offer a stable, almost dependable advantage
eggplant cultivation, even if field

45%. The ANOVA confirmed the strong effect conditions, as growers know too welkgldom
of the Environment factor (p < 0.001), behave exactly the same from one year to

underscoring how a moderatedsicroclimate

another.

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% vyield increase;
relative to outdoor plants, drivemostly by 3
approximately 63% more fruits per plant and” *
a smaller rise in average fruit weight of about =
9% [17]. Comparable tendencies were visible 1
in our dataset as well, though the specific ,
components are examined in the next section

Mirval F1

mmm Greenhouse yield (t/ha)

Black Pearl F1

Open-field yield (t/ha)

Table 2. Yield pedrmance of eggplant hybrids

Hybrid G_reenhouse Qpenfield Yield increase
yield (t/ha) | Yield (t/ha) (%)
Mirval F1 65.3 45.1 45%
Black Pearl F1 70.4 40.2 75%
Mean (both
hybrids) 67.85 42.65 59%
Source: Authorsé

stati st iapaut 459, whesesBlack Gearl Fldisplayed ( v .

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

an even steeper rise, approaching 75%. Such a

The yield figures from the trial indicate the contrast suggests thad#lirval does benefit

advantage of protected cultivation, with bothfrom

the moderated conditions of the

hybrids performing better in the tunnel than inprotected system, thoud#ack Pearlappears
the open field. The extent of the gain did notto depend more singly on a stable
follow the same pattern for each hybrid. microclimate to express its full yield potential.
Mirval F1 increased from 43.t ha outdoors When the two patterns are considered side by
to roughly 65.3 t ha under protection, anside, the protected environment consistently
improvement of about 45%. This is alreadysurpassed the field plots, pointing to the
considerable, yeBlack Pearl Flresponded capacity of controlled cultivation to raise
even more strongly: its yield rose from 40.2 teggplant poductivity by a substantial margin,
ha to nearly 70.4 t ha, translating to roughlyeven if plant behaviour, as growers know, is
75% improvement. Tér comparison suggests never entirely smooth from one season to the
that Black Pearl depends more heavily on anext.

steady microclimate and may cope less welNumber of fruits and average fruit weight

168

20)



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

A closer examination of the yield componentsthat the cultivation environment influenced
revealed distinct differences betwettre two  fruit number far more than the weight of
cultivation systems, as well as between thendividual fruits. In proportional terms,
hybrids themselves. Plants grown inside theaverage fruit weight increased lapout 14%
greenhouse tended to carry more fruits pem the greenhouse, roughly 40 g for Mirval
plant, and those fruits were, on averageand about 50 g for Black Pearl. By contrast,
marginally heavier than the ones obtainedruit number rose by nearly 36% in Mirval
outdoors. Across years and hywsj the and close to 53% in Black Pearl. This pattern
protected environment produced roughly 30%ndicates that the tunnel enhanced yield
more fruits per plant, a tendency that stayechiefly by extending the pexil during which
surprisingly steady, even if the exact figuresplants could set fruits and by buffering late
wandered a little from one season to the next.season stress, rather than by making
For Mirval F1, the greenhouse conditions individual fruits substantially heavier.

resulted in about 6.8 dits/ plant, compared Debates among growers often revolve around
with roughly 5.0 in the open fieldBlack whether markets prefer many smaller fruits or
Pearl F1 showed the same directional shift fewer but larger ones; thenswer depends on
but with a sharper contrast: around 5.8 fruitdocal demand. In this case, both systems
plant in the tunnel and only 3.8 outdoors. Thisproduced sizes well within commercial
wider difference suggests that the shorter anéxpectations, and the greenhouse increased
more iregular field season likely restricted both weight and fruit number which is, from a
Black Pearlfrom forming a higher fruit load.  practical standpoint, close to ideal.

Despite these contrastslirval F1 remained The weight differences betweerhet two
the hybrid with the higher fruit number in hybrids mirror their breeding strategies.
both environments. Its advantage, about 1.Mirval is selected for early maturity and a
fruits plant in the tunnel and outdoatke fit  heavier fruit load, meaning assimilates are
its known morphology of short internodes anddividled among more growing fruits,
a notably strong fruisetting ability, although producing slightly smaller units. Black Pearl,
in some plots the pattern appeared a bit less contrast, tends to bear fewer sltaneous
tidy than the numbers might imply. fruits and reaches its production peak later,
Average fruit weight giving individual fruits more time and more
The examination of average fruit weight resources to develop greater mass. This
revealed apattern almost opposite to that relationship is common across vegetable
observed for fruit numberBlack Pearl F1 crops: genotypes with high fruit counts
consistently produced heavier fruits thantypically yield smaller fruits, whiléhose with
Mirval F1, both in the tunnel and under field moderate fruit numbers often allocate more
conditions. In the open field, Black Pearlenergy to size. From a management
averaged roughly 350 g, whereas Mirvalperspective the two approaches can reach
remained aser to 280 g, a difference of similar total yields, though with different
about 25%. Under the steadier conditions oemphases heavy setters may need occasional
the greenhouse, both hybrids increased irruit thinning, whereas largkuited types
weight: Black Pearl reached around 400 gdemand more attentive nutrient supply to limit
while Mirval settled near 320 g. The gap flower drop or alternating growth phases.
between them, usually in the 78D g range, Earliness and harvest dynamics

stayed surpsingly constant, suggesting a Earliness and the general tempo of harvesting
strong genetic control over this trait. Black showed a few distinct tendencies, although
Pearl is bred as a largriited type, typically these traits were not measured with exarti
around 19 x 10 cm with an ovoid or slightly precision. Plants grown inside the tunnel
teardrop profile, while Mirval produces more entered production notably sooner, roughly
elongated fruits of roughly 20 cm, modtem  two to three weeks ahead of those in the open
falling in the 250300 g interval in repeated field, an advance that carries real weight for
observationsWhat emerges quite clearly is growers, since eargeason fruit usually
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commands higher priceBlirval F1, owing to  root zone; with less evaporation and, at times,
its quicker maturity, reached its first the possibility to reuse a portion of drainage
marketable stage toward the end of June in thevater, each liter ended up being used
tunnel, at least in 2020 and 2021 when springomewhat more efficiently.

came somewhat warmer than expected. BlackEvidence from other contexts illustrates the
Pearl F1 followed only shortly after, with magnitude of such effects. For example, Fan
initial harvests appearino the first days of et al. (2023), conducted a research under
July. In the open field the calendar shiftedEgyptian semarid conditions, found that
backwards: Mirval generally began aroundeggplants grown in greenhouses required
10i 15 July, while Black Pearl tended to reachalmost 90% less water than those in open
usabl e maturity cl o sfelds, while nettpiofé rosenty mord thas 80% n d |,
sometimes even a bit beyond, depending oif6]. The contrasts in our temperate setting are
the weather swings not nearly so large, yet the water needed per
These contrasts in maturity rate shaped thenit of harvested yield was still clearly lower
seasonal distribution of yield as well. Mirval inside the tunnel. This came mainly from the
placed a larger share of its production in theminimal direct evaporation and the tighter
early half of the harvest window, whereascontrol over irrigation scheduling. During dry
Black Pearl maintained a steadier output andpells, this characteristic became especially
continued fruiting into theater weeks. The valuable, allowing the crop to ntnue with
divergence was especially clear inside theather modest water inputs and helping the
greenhouse, where Black Pearl still producedarm navigate brief periods of scarcity.
reasonably well until late September, whileA comparable pattern appeared with
Mirval had already shown a decline, mostfertilizers. Nutrient uptake tends to be more
likely because it had pushed much of itsefficient in protected structures, partly
growth and assimilates diar in the cycle. because rain cannot wash nutrientaywand

I n practical t er ms, paitly beealise the maree een tmicrocliniaten i s h
its main period of productivity sooner, maintains a steadier uptake rhythm across the
whereas Black Pearl stretched its outpuigrowth cycle, even when opdield
across a longer span. The choice betweenonditions were, on paper, suitable.

them, for most growers, depends on whetheEconomic and quality aspects

the premium of very earlfruit matters more Although the study centred primarily on the
than having a more even and extendedechnical and llogical aspects of cultivation,
harvest, a decision that rarely stays the sam@he economic implications are difficult to
from one farm, or season to another. avoid, as the yield data repeatedly steers the
Environmental factors and sustainability interpretation in that direction. The additional
The higher yields obtained inside the tunnelproduction recorded in the tunnel, typically
appear closely tied to the set of environmentall5 25 t/ha above the field plots combuh
advantages that this type of structure more owith the earlier harvest period, can lead to
less provides by itself. Temperature levelsconsiderably higher earnings for growers. On
fluctuate far less avoiding those abrupt coldiocal markets, early eggplants often reach
dips or unexpected heat rges that can prices two or even three times higher than
unsettle field crops and humidity stays withinthose sold in mibummer, so the first few

a band that tends to favour both fruittonnes harvested under protectiomay
formation and vegetative growth. The absencaccount for a disproportionately large share of
of rainfall is not trivial either, as strongdropsa s easonds revenue.

may bruise flowers or trigger short diseaseRegarding costs, an unheated tunnel built
incidents in oudoor plots. Pest pressure wasfrom a light metal frame and PE film
generally lower as well. And although both generally recovers its investment within two
systems relied on drip irrigation and blackor three years, mainly through the larger
plastic mulch, the protected environment keptyields and the premium obtained for early
a steadier hydrthermal balance around the fruits. Findings from other regions, such as
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the work by Fan and colleagues in arid field plots, using the hybrids Mirval F1 and
climates, describe even sharper increases iBlack Pearl F1, brought into view several
net profit after switching to protected aspects relevant for sustainable vegetable
cultivation. In a temperate zone like Romaniaproduction. The unheated tunnels created a
the gain is probably more moderate:more buffered microclimate, and plants,
somewhere near BB0%, yet still too almost pedictably, responded with vyields
substantial to & dismissed. A complete roughly 50 70% higher than those obtained
economic evaluation should also consider theutdoors. Most of this gain came from the
recurring expenses. Greenhouses entail extriacreased fruit set, though individual fruits
outlays for the structure, ventilation tended to weigh slightly more as well. In a
components, mulching materials, and in somdew instances the presence of even a modest
cases added labour related to pollinationtunrel nearly doubled the harvest, which
(including the puchase of bumblebee hives). shows  how  strongly these simple
Because the present experiment remainedonstructions can alter productivity without
relatively small, a full cost accounting was notrelying on any advanced climate equipment.
prepared; however, it was clear enough thaA second advantage lay in the timing of
the additional labour in the protected systemharvest. Plants under protection entered
was largely balanced, and sometimesproduction two tothree weeks earlier, a
exceeded, bythe earlier and higher yields. difference that matters economically because
From the standpoint of quality, no pronouncedearly fruit usually commands better prices.
differences in flavour or visible traits emerged Toward the end of the season, particularly
between the two environments. Even so, fruitavith Black Pearl F1 fruiting continued well
from the tunnel appeared slightly moreinto late autumn, giving the protected crop
uniform, with fewer distortions or colour both the earkst and, more or less, the final
irregularities, likely because they were pickings of the year.

sheltered from abrupt weather events and th&he hybrids themselves did not respond
steadier pest pressure of the field. A portion ofdentically. Mirval F1, being a very early type,
openfield fruits displayed minor scuffing performed reliably even outdoors and
caused by wind rubbing them against themaintained a stable number of medisired
mulch or neighbouring stems. This wasde fruits despite the more erraticonditions.
common in Black Pearl F1, whose first fruits Black Pearl F1 expressed its potential far
are naturally positioned a bit higher above themore fully in the extended, calmer tunnel
soil, a trait that proved unexpectedly practical.environment, where it produced larger fruits
Fruits from the greenhouse also tended t@nd generally higher yields once the plants
show a glossier surface and a somewhahad enough time to progress through their
thinner skin, perhaps linketb gentler light cycle. These contrasts untiee the need to
levels and the absence of sharp humidityalign hybrid selection with the cultivation
swings. Such features are usually appreciatedystem, otherwise part of the genetic capacity
by consumers, though they are not simple toemains, in practice, unused.

quantify with precision. Nutritional attributes, For growers, the results indicate that unheated
dry matter, soluble sugars, phenolics, were notunnels represent a practical investment in
assessed bhe, but they merit further temperate climates, incrgag productivity
investigation, since subtle shifts in the growthwhile softening the impact of weather
environment can alter the phytochemicalfluctuations. Even simple structures require
profile of solanaceous crops in ways that arettention, ventilation to prevent overheating

not always visible at harvest. and ensuring adequate pollination, at times
with bumblebees, so fruit set does not suffer.
CONCLUSIONS Techniques such adrip irrigation and

mulching, applied consistently in this study,
The comparative assessment of eggplanbught to be seen as standard components
grown in ®lar-tunnel structures and in open rather than optional additions.
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From a wider sustainability perspective, theregimes. Horticulture, 67(1), 10B11.
move toward efficient protected SyStemshttps://search.ebscohost.com/login.aspx’?direct=true&pr

. = ofile=ehost&scopgAccessed on 2 February 2026.
advances ecological and ~economaims [6]Fan, D., He, W., Jiang, R., Song, D., Zou, G., Chen,

simultaneously. Higher yields per area reduce; cao, B, wang, J., Wang, X., 2023, Enhanced
pressure on land, water is used more sparinglgfficiency Fertilizers Impact on Nitrogen Use

since direct evaporation is minimal, and Efficiency and Nitrous Oxide Emissions from an Open

: .~ 81, https:/doi.org/10.3390/plants12010081
washed away by rain. Although tunnels brlng[7]Gac[:)cione, L.C:] Toppino,pL., Sulli, M., Tumino, G.,

an initial cost, the steadi@nd higher returns ajonso, D., Aprea, G., .. & Barchi, L., 2023, A
typically balance this investment within a few worldwide eggplant core collection to study

seasons, strengthening longem resilience agronomically relevant traits and fruit qualitlated
on the farm. metabolites. In EUCARIA 202318th EUCARPIA

. . International Meeting on Genetics and Breeding of
Stripped of the smaller details, the centralCalosicurn and Eggplant (pp.-95). Maritsa Vegetable

poir)t is thaF choosing the CUltivati_On Crops Research Institute, Agricultural Academy,
environment is not merely a technical https://iris.unito.it/bitstream/2318/1981776/1/Book%20

adjustnent but a strategic decision. A basic 0f%20Abstracts_Eucarpia%202023_with%20ISBN.pdf
solar tunnel paired with a hybrid that fits its Accessed on 2 February 2026.

: . [8]Gan, C. I., Soukoutou, R., Conroy, D. M., 2022,
growth rhythm can lift production Sustainability framing of controlled ngironment

ConSidfi'rab'y without  imposing _nOtable_ agriculture and consumer perceptions: A review.
ecological burdens. Further economic analysiSustainability, 15(1), 304,

or work on nutritional traits would refine the https://www.mdpi.com/20%1050/15/1/304 Accessed
picture, though the core finding remains firm: 0”92 Feé’r_“"’r‘rybzng' N Ul uar iAK
protected cultivation offers a distinct [9] Gerbez, e it ’

advantage when managed according to thgompounds of eggplant. Food chemistry, 26861,

cropb6s requirement s . htps/www.sciencedirect.com/science/article/pii/S030
88146B310665 Accessed on 2 February 2026.
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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 temperatel and precipitation records came from the National Meteorological Administration

for 1991 2020. Results demonstrated that monthly average temperature and precipitation during the growing
season strongly influenced potato yield per hectare. Yields flectdiatm 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, predisigation systems,

and sustainable soil management practices.

Key words air temperature, precipitation, potato, yields, Central Romania Development Region of Romania.

INTRODUCTION yields are affected by rising air and soil
temperatures, butyields can increase if
The potato is a staple food, holding a largerrigated in temperate climates. In addition to
share in the economy of many countries duehe climatic context, economic factors, such as
to its high nutritional value and relatively high inadequate farm sizes or long distances to
yield. Originally from the higkaltitude markets, affect current crop areas [8].
tropical regions of the Andes in South The analysis and evaluation of potato
America, its cultivation is widespreaatross behavior in retion to climate, soil, water,
the globe, with particular importance in fertilization and sanitary protection are of
temperate climate regions [7]. In Europe, thegreat importance, because all varieties
potato as a technical and food crop, became eultivated in unfavorable conditions produce
major cultivated plant starting from the yields 4060% lower than those obtained
mid 20t h century [ 9 ] under Parmabculivation gonditiong f.4].iTkeen i
Romania has a lomgtanding tadition, with  purpose bthis study is to analyze the impact
the earliest references dating back to the 18tbf thermal and water resource variability on
century in Transylvania [4], currently potato vyields for the last climatological
representing a crop of national significance. Innormal period 1992020. This period is used
the current context of climate change, potataas a standard basis for assessing current
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climate conditions [18]. The analysis is pluviometric regime, data sets from two
caried out for the eastern part of the Centralmeteorological stations (MS) under the
Development Region of Romania, coordination of the National Meteorologica
administratively represented by the countiesAdministration (NMA) were used.

of Brasov, Covasna and Harghita, consideredhese stations were selected due to their
a highly favorable to favorable area for potatogeographical positioning in the study area and

cultivation (Map 1). the altitude of the meteorological platforms,
thus being considered representative (Map 1).

Zae 2N . ,=;,_ The climate data used in the study ineéud

( I T monthly average valuesf air temperature

(°C), surface soil temperature (°C) and
precipitation (mm), for the period 192D20.
Agricultural and climate data were processed
using statisticamathematical methods and
digital mapping techniques.

RESULTS AND DISCUSSIONS

Potatoes exhibit a strong ecological plasticity,
but prefer a temperate and humid climate.
Potato varieties are extearly, early, mid
early, midlate and late, with growing periods
between 90 and over 130 days [11]. The
analysis was caed out for potato crops
regardless of varieties, so the growing period

Map 1 The ocat : e stod {the tert was considered to be the monthly interval
ap 1. e locatiomno e stuay area e territory R
highlighted in whitei Brasov, Covasna and Harghita gggtﬁ@rilrgsocmber [15].

Counties) and of the meteorological stations analyzed.
Source: own processing from GIS open sources. Europe currently accounts fpr a quarter of
global potato production, which is declining

The study area is characterized by the intradue to the constant reduction in cultivated
and extramountain depessions of the areas, while yields have increased modestly
Romanian Carpathians and by the hilly area 0{16]. Romania is a medium producer in the
the Transylvanian Hill Depression. Also, the European Unioii6] with a high potenéil, but
soils are well aerated with a balanced thermatiependent on the import of certified planting
and hydrological regime. The correct material. The study area, represented by
exploitation of ecological conditions is an Brasov, Covasna and Harghita counties,
efficient way to ahieve profitable production constitutes an area sfrong tradition in potato
and save material and energy resources [14]. cultivation, with high average yields per
hectare due to the favorabidimate and a
MATERIALS AND METHODS better technological level compared to other
regions in the country. Potato yields for the
The study of the variability of agricultural analyzed period are shown in Figures 1 and 2
yields for potato cultivation was based on theboth for the entire study region and for the
average valueof production obtained per counties that make up the region. The average
hectare, provided by the National Institute ofproduction pehectare for the entire analyzed
Statistics (NIS), for the period 192D20. period was 17,451 kg/ha with higher or lower
The analysis was correlated itiv the yield values over the years.The lowest
agroclimatic particularities specific to the average yields per hectare were recorded in
study area. To assess the variability andhe years: 1991 (8,692 kg/ha), 2005 (12,230
identify the changes in the thermal andkg/ha) and 2012 (10,065 kg/ha) (Fig. 1).
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precipitation regimes, soil types, and water
availability generatélistinct 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 pesticidas d
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 120°C. In terms of water
requirements, the potato is one of the plants that
requires a continuous supply of wateheT
amount of precipitation of 25850 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 9430 mm for the period May

10000

August [14].

success of potato cultivation.

0
\qm" '@i‘v & Qn’ & Qm"op Qn*’ $ FPQQ lﬁﬁ\ & q’a“ § @a F&e‘* 8 q?\" q’a{l q?\"’ '19\& q?@ é‘\“ @(‘ @»@ é@ ’qu,“ Years
M Brasov County Covasna County Harghita County
Fig. 2. The average potato yield per hectare (kg/ha) in th
analyzed counties (1962020).

Source: processed data from N2825 [12].

F PP
F

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 #t 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 Cainties (Fig. 2). In the years with
the highest yields, Brasov County ranked first
(Fig. 2). Harghita County in most years
registers average Yyields per hectare below
those registered in the other two counties (Fig.
2). Spatial differences in potato yieldsudt

The

meteograms
characteristics of the study area for the period
19912020 at the two meteorolagil stations:
Brasov and Miercurea Ciuc (Fig. 3).

show

the

These monthly amounts of
precipitation represent another condition for the

climatic
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from the combined influence of pedoclimatic, Fig. 3. Metograms of the meteorological stations analyzed
technological and structural factors. Althoughfor the period 1992020: Brasov (above) and Miercurea

the entire study area is suitable for potato

cultivation, local contrasts in temperature andgs

Ciuc (below). Note: the brown border highlights the
owing season of the potato crop.
ource: processed data according to NMA, 2025.
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For the analyzed period, it was observed that itOver the three decades of the 129P0
Brasov M.S. the average monthly air period, an increase in both air temperature and
temperature, during the potato vegetatiorsurface soil temperature is observed at both
period, oscillates between 8.6°C in October ananeteorological stations analyzed, each decade
19.2°C in July (Fig. 3 above). being warmer than the previous one (Table 1).
The soil surface temperature recorded values~rom a pluviometric poinof view, the same
between 9.8°C (October) and 23.7°C (July), anclimatic signal is not observed, the last decade
the monthly amount of precipitation records thebeing with higher amounts than the first
optimal precipitation requirement only for the decade, and the decade 2mO0 is the
month ofJune (91.0 mm) (Fig. 3 abovdlhe wettest in the period 1999020 (Table 1).
average valuesf the nain climatic factors of This decennial regional analysis is in line with
influence for the potato growing season (April what is happemg at the national scalg].
October) 1992020 in Brasov M.S. are: 14.4°C Against the background of this variability and
air temperature (below optimal requirement),climate change, there are oscillations in crop
17.5°C surface soil temperature and 476.8 mnyields ranging from 8,692 kg/ha (1991),
precipitation (meets optimal requirement). representing 50% of the average production
For Miercurea Ciuc M.S. the air temperaturefor the entire period analyzed, to 27,072 kg/ha
recorded monthly valuesbetween 6.3°C (2017), representing 155% of the average
(October) and 17.5°C (July), the surface soilproduction of 17,451 kg/ha (192D20).
temperature ranged between 8.0°C (OctoberJhese potato productions are the result of the
and 21.3°C (July) and the monthly variabilty of the main thermal and
precipitation amounts exceeded the optimapluviometric parameters of each year and their
requirementof 90.0 mm in June for the analysis is a mandatory condition for effidien
vegetation period from 1992020 (Fig. 4 crop managemerb]. The year 1991 was an
below). The average valuesf the entire extremely rainy yeaf2], and excess water,
vegetation period (1992020) are: 12.5°C air similarly to drought, has negative effects on
temperature (below the optimal requirement) both plant growth and the level and quality of
15.4°C surface soil temperature and 456.%otato productiofl4]. The year 2017, from a
mm precipittion meeting the optimal climatic point of view, was a&arm and rainy
requirement. The decadal average values year [1]. The study area is characterized
shown in Table 1 highlight the variability of climatically by colder winters and milder and
climatic factors from one decade to anotheryainier summers, but in dry years irrigation is
which is reflected in the variability of crop needed. Potato is much more sensitive to
yields. water stress than most field crops in Romania,
so the possibity of irrigation is particularly
Table 1. Decadal average variation of @mperature, important.
surface soil_ temperature and precipitation amounts at then Romania, depending on the potato variety,
meteorological stations analyzed for the period 1991yields of 15,005,000 kg/ha are recorded for

Zozgiimate Secade | Brasov | Miercurea mid-early varieties, and for midte and late
parameter M.S. | Ciuc M.S. varieties yields of 25,0080,000 kg/ha[l1]
air 1990s 7.7 5.5 when optimal requirements for climatic fa.ct.ors
temperatue 28285 g-i g-é are met. In the study area, a water deficit of
(°C) 1991 20520 53 61 abc_)ut 16260 mm is record_ed in some years,
_ 19905 9.2 =2 which limits potato production. It_v_vas f(_)und
soil 20005 103 79 that for every 10 mm of water deficit achieved
tempfcrat“re 20105 11.0 84 during the potato growingeason, production
C) 19912020 10.2 7.9 decreases on average by 5D kg/ha for the
1990s 593.6 555.5 study ared17].
precipitation 2000s 648.9 648.9
mm 2010s 632.7 582.4
) 19912020 | 625.1 595.6 CONCLUSIONS

Source: processed data according to NRIGL5.
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Climate variability and climate change in Bucharest, Romania, chrome

recent decades are reflected in the Variabi|ityaxtension://efaidnbmnnnibpcajpcglclefindmkaj/https://

. . . . www.iawd.at/files/File/events/2023/Drought_Conferen
of potato yields, especially in areas with a../nNiEL ALEXANDRU.pdf, Accessed on March
temperate continentatlimate, such as the 13 2026.

study area. Potatoes have good plasticity, but3 ] 8- rsan, M. V., Sf ct, L.,
are very sensitive to deviations from theDogaru, D., Lupu, L., 2025, Centennial trends in

. . . .water balance over Romania from observational data
The increase in air temperature and soll

R (1921-2023), Romanian Journal of Physics, 70, 805,
temperature at the surface, the variability Ofwps://doi.org/10.59277/RomIPhys.2025.70.805.

precipitation without a clear trend of increase [4]Bularca, E., Nicolae, C. D., Draghici, M., 2013, The
or decrease are climatic signals for reducingtatistical indicators of potato produced irfania,
potato yields. The eastern part of the Centraﬁmentlﬁc Papers. Series "Management, Economic

" . . Engineering in Agriculture and rural development",
Romania Development Region is part of the,; 13(4), 6972.

highly f_avor_able and f_avorable areaforpotato; 5] constantin (Oprea), D. M.
cultivation in Romania, and the comgot Marinict, A.F., Grigore, E.,
counties of Brasov, Covasna and Harghita aréhe climate variabity of the agricultural year 2016

among the top five growing counties. This 2017. Case study: The Souffest Oltenia Region,

- . . . .. Romani a, Scientific Papers.
favorability ~is given Dby the climatic Economic Engineering in Agriculture and rural

characteristics of the area where airgevelopment:, Vol. 20(3), 16978.
temperatures are moderate, without exceedinp]Eurostat, 2024, EU potato production: vwtoward

25°C and with average temperatures durindrend but uptick in 2023,
the vegetation period of 180°C. Annual ttps://ec.europa.eu/eurostat/web/prociectostat

N news/w/ddr202408081, Accessed on March 11, 2026.
precipitation amounts usually exceed 650 mm[7]Food and Agriculture Organization of the United

being We_” distributed across vegetation Nation (FAO), 2026, Potato, https:/www.fao.org/land
phases, with a monthly minimum between 80 water/databasesndsoftware/crop

100 mm for the months of June, July andinformation/potato/en/, accessed on March 10, 2026.
August. However, there are years when thid8lHaverkort, A.J., Verhagen, A., 2008, Climate

. . . . Change and Its Repercussions for the Potato Supply
therma and pluviometric optimum is not Chain. Potato Research, Vol 51, D237,

reached and irrigation isnecessary 10 hps://doi.org/10.1007/s1154D891070.
compensate for the water deficit and moderatgd]ion, V., 2010, Phytotechnics i(Btehnie).
the soil temperature. https://www.horticultura

From the perspective of adaptation, climatgPucuresti.ro/images/pdf/Fitotehnie.pdiccessed on 6

A . . January 2026.
variability and climate change require the[lO]Iwama, K., 2008, Physiology of the potato: new

reconf_iguratio_n _ of technolgg such as jnsights into root system and repercussions for crop
choosing varieties more tolerant to thermalmanagemenfotato  Research, 51, 333353,

and water stress, punctual irrigation, soilhttps://doi.org/10.1007/s115410891203

protection, etc. to reduce climatic pressure. If 111 Marin, nt., L®hystechnet i nes
the absence of these measures, climati Ir;ili\(/),va(ﬁtotehme), University Publishing House,
variability turns into increased variability in [12]Nati;3na| Institute of Statistics (NIS), 2025,

yields and, implicity, into economic volatility  http:/statistici.insse.ro:8077/tempo

for potato cultivation. online/#/pages/tables/instable, Accessed on
December 10, 2025.
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Abstract

The article analyzes the energy transition as a highly important process for the Repuldliiddofa, one that
directly influences the development of agriculture,
The paper examines how changes in the energy sector, such as the wider use of renewable energy sources, improved
energy diciency, 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 perid2D2615

drawn from national and international srces, 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 @erakimportant areas: energy costs for
agricultural producers, modernization of rural infrastructure, electrification of agricultural processes, and the
introduction of green technologies into the afyrod chain. It also highlights the role of public s, 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 mediuand long term, it can help increase the competitiveness and resilience of the
agricultural sector, provided that wefhrgeted investments are made and new technologies are adopted more
rapidly in practice.

Key wordsenergy transition, sustainable despiment, agrfood sector, renewable energy, economic resilience.

INTRODUCTION by developments in the energy sector through
fuel, electricity and fertilizer prices. In
The Republic of Moldova is undergoing a addition, it is indirectly influenced by
broad process of energy transition, in line withdecarbonization policies that increasingly
global trends toward decarbonization and thearget sustainable agricultural practices.
expansionof renewable energy sources. ThisThe period 201682025 was marked by
transition involves, on the one hand, reducingsignificant increases in energy prices,
greenhouse gas emissions and promotingspecially in its second half, culminating in
green energy, and on the other hand, ensuringhe regional energy crisis triggered by the
energy security at affordable costs. Over theconflict in Ukraine in 2022The energy crisis
past decade (2013025), the energy exposed Mol dovabds struc
transiton has gained particular relevance forincluding its high dependence on imported
Moldova, a country traditionally dependent onenergy, limited diversification of supply and
fossil fuel imports, which account for weak resilience of key economic sectors.
approximately 80% of total energy These systemic weaknesses were hitdid
consumption, primarily supplied by the by policy analyses emphasizing the secio
Russian Federation. economic impact of the crisis and the urgent
Agriculture, a sector that contributesound need for energy system
7110% to national GDP and accounts for[13]. Moldova, already vulnerable due to its
approximately 45% of total exports high level of energy dependence, experienced
(Gandrabura, 2025) [11], is directly affecteda sharp increase in electriciand natural gas
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prices during 2022023 (CNED, 2025) [4]. while simultaneously enhancing lotigrm
These developments generated cascadingsilience and environmental sustainability.
effects on agricultural production costs, as thdn this context, the present article aims to
sector relies heavily on energy inputs foranalyze the impact of the energy transition on
mechanization such as diesel fuel foragriculture in the Republic of Moldova,
machinery and electricityof irrigation and focusing on the period 2018025 and
storage facilities as well as on energy develping possible  projections and
intensive inputs, including nitrogdmsed implications up to 2035.
fertilizers whose production depends onThe analysis addresses four main dimensions:
natural gas. (a) the evolution of energy prices and their
As a result, energy price shocks exerteceffects on agricultural production costs; (b)
substantial pressure on farmers through risinghe structural adaptation of agriculture in
expenditures @ fuel, electricity and terms of productivii and investment under
agricultural inputs. These challenges werethe pressure of rising energy prices and
further intensified by additional adverse decarbonization policies; (c) the extent to
factors, including severe droughts duringwhich renewable energy sources and energy
2020 2022 and disruptions in supply chains, efficiency measures are being adopted within
which together amplified the vulnerability of the agricultural sector; and (d) a comparative
the agriculturbsector (Agerpres.ro, 2022) [1]. perspective, vh particular emphasis on
At the same time, the decarbonizationRo mani a, in order to cont
commitments undertaken by the Republic ofdevelopments within the regional landscape.
Moldova and European countries such asThe results integrate official statistical data,
reducing greenhouse gas emissions by 70%elevant economic formulas such as
compared to 1990 levels by 2030 andelasticities, and energy intensity indices and
achieving climate neutrality by 2050 have analytical models, supported by graphs and
increasingly  shagk  national policy tables presenting key indicators from the
frameworks. Mol dovads d e cagrncldtural i and t energy sectors. This
objectives are anchored in its Updatedintegrated approach provides a rigorous and
Nationally Determined Contribution (NDC), comprehensive assessment of the phenomena
which frames climate action across allunder investigation.
economic sectors, including agriculture
(Ministry of Environment of the Republicf MATERIALS AND METHODS
Moldova, 2020) [17]These commitments are
reflected in updated energy strategies aimed athe study is based on a combination of
increasing the share of renewable energy isecondary statistical data and comparative
total energy consumption, with a target ofquantitative analysis methods. Time series
30% renewable energy by 2030, as well as imata covering the period 201225 were
the implementation of energy ffieiency collected from governmental sources and
measures across all sectors, includingnternational databases, including the National
agriculture. Bureau of Statistics of the Republic of
Sustainable agriculture has consequenthMoldova (NBS) [21] such as the national
become a strategic priority, supported byenergy balance and annual agricultural
initiatives that promote the use of biomassindicators, as well as reports issued by
energy through the valorization of agricultural relevant ministries, namely the Ministry of
residues, the ingtation of solar panels and Energy and the Ministry of Agriculture and
biogas facilities on farms, and the adoption ofFood Industry
climatesmart agricultural practices [25]. In addition, data from Eurostat and
These measures are designed to reduce boBHAOSTAT [9, 10] were used to support
dependence on fossil energy sources and thaternational comparisons regarding
carbon footprint of the agricultural sector, agricultural production, energy consumption
in agriculture and productivity indicators.
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Information from the International Energy A simplified economic modeling approach
Agency (IEA) [L5] and the International was employed, using elasticibased
Renewable Energy Agency (IRENA) [16] was formulas to quantify the sensitivity of demand
also incorporated, particularly with respect toto variations in energy prices.h& price
decarbonization targets and energy transitiorelasticity of demand, generally is defined as:
objectives.

Furthermore, recent reports and analytice = (2)
studies published between 2022 and 2695 P

research - organizations and - think tankslt was drawn from the relevant literature in
including the Energy Policy Group, the : : .
OECD and the World Bank were employed tolorder to estimate the impact of energy price

calibrate specific parameters, such as ff)rice'ncr.ealses on consumption in sectors sueh a
agriculture.

consumption elasticities_, and to incorporate.l_he relatively low absolute value of this
projections and scenarios related to future

developments elasticity (below 1) reflects limited

The methodology consists of the following isnuctl)jgit:ljtlo?armr;ozsrlgl“lglr?:k’ale "’g sic?qr;‘?gar?lﬁrs
components: 9 9 y

- Descriptive trend analysis i temporal reduce energy consumption in the short term,

, : . even when prices increase, doghe absence
developments in prices for different forms of f viable alternatives (OECD, 2018) [23].

energy (electricity, natural gas and fuels) anagrojections toward the year 2035 were

key agricultural indicators (physical output, : L

yie)lldsgmd production costs)(pwére exami[::\eddeveIOped using a qualitative approach, based

over the period 201R025, with the aim on scenarios derived from official strategic

ofidentifying major chandes and critical documents, such as the Energy Strategy 2050

turning points of the Republic of Moldovathe Nationally

) . - Determined Contribution (NDC 3.0) under the
Structural and comparative analysis | aris Agreement [8], and the Integrated

Zgﬁ:]ge)é |2tser;rs]|éy alpn :l?rzltcgl;uer;re] evrv;; f jﬁ:ﬁsecﬁational Energy and Climate Plan 202530
d[14]. Although no advanced econometric

per unit of agricultural value added, an imulations were conducted within this
compared both across economic sectors an ) . . .
ramework, the analysis relies oglationships

with selected countries in the region, with identified during the observed period and on
particular emphasis on Romania. In addition, i 9 S P
revailing policy directions in order to

ner r ivity m r h I : :
nge%y ggnoeolggggltger uenailf lg)feedn:rsgyetdjzvgs uegxtrapolate trends and to identify structural

et hallenges and opportunities for agriculture
analyzed as an aggregate indicator of . .
economic efficiency. For example, energyover the 20302035 horizon.

intensity (EI) can be formally defined as theThe methodology combines the exarraoat

ratio between the energy usedand the groff empirical data with relevant economic

domestic product generated. Energy intensit ormulas and simplified modeling approaches,

(El) is formally defined as the ratibetween allowing for a rigorous interpretation of

energy consumption and GDP, expressed i@henomena at the eneiggriculture nexus.
megajoules per 1,000 USD: he following section presents the results

obtained and the associated discussion
. structured around key themes: the impact of
OO0 — (1) rising energy prices, the adaptation of the

agricultural sector to the energy transition
A decline in this indicator reflects improved particularly in terms of productivity and cost
energy efficiency, whereas an increasedynamics investment and innovation
indicates a higher degree of energy processes, including the adoption of
dependence in order to generate the samenewable energy in agriculture, and an
level of output (NBS, 2023) [21]. international comparative perspective.
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RESULTS AND DISCUSSIONS Figure 1 shows that when energy prices
decline, agricultural output tends to increase,
In recent years, energy price increases in thevhereas rising energy costs are associated
Republic of Moldova have generatedwith a contraction in production.
immediate effects on agricultural production Although the relationship is not perfectly
costs. Natural gas pricesssential both for linear, the overall trend highlights the strong
electricity generation and for the productiondependence of agricultural performanoa
of chemical fertilizerd rose sharply during energy costs.
202172022 amid the regional energy crisis. A particularly illustrative example is the sharp
As a result, electricity tariffs for consumers, increase in mineral fertilizer prices, which
including farms connected to the grid, werewas closely linked to the surge in natural gas
increased byapproximately 4449% in 2022 prices. The dramatic increase in fertilizer
(NAER, 2022) [20]. prices and the continuous revision of price
In practice, Moldova was forced to purchaseforecasts during 2022 confirm the high
energy at significantly higher prices on theexposure of Moldovan agriculture to energy
regional market, costs that were partiallymarket shocks (Crivoi, 2022) [6]. Nitrogen
transferred to endser tariffs despite the based fertilizers, such as urea and ammonium
temporary compensation mechangapplied nitrate, which rely on ammonia produced
during the state of emergency. Fuel pricedrom natural gas, experienced price increases
followed a similar trajectory: diesel prices, of four to five times during the winter of
which are critical for agricultural operations, 2021 2022 (MoldStreet.com, 2022)[19].
increased on average by more than 20% irfFig. 2).
2022 compared to the previous yearConsequently, in 2022 the Republic of
(Agerpres.ro, 2022) [1]. Moldova recorded the highest fertilizer prices
Overall agriculture was subject to substantialobserved over the past decades.
additional cost pressures, given its strongThis extreme price volatility demonstrates
dependence on diesel fuel for ploughing,how strongly energy shocks can affect the
sowing, harvesting and transpbrand on agricultural sector. Faced with prohibitively
electricity for irrigation, silo ventilation and high costs, many farmers reduced fertilizer
primary processing of agricultural output application rates, thereby increasing the risk
of lower yields.
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Fig. 2. Imports of mineral fertilizers
Trimester (2022025) Source: elaborated by the aots based on data from

Fig. 1. Relationship between energy prices and totaMOIdOVa in Progres2025) [18].

agricultural output _ _ N )
Source: elaborated by the authors based on data frol8y contrast, the decline in fertilizer prices

the National Bureau of Statistics of the Republic ofduring 20242025 allowed producers to
Moldova and Invest Moldova [21]. resume input procurement, enabling a partial
recovery of output without a proportional
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collapse in crop productionfMoldova in consume substantially more energy per unit of
Progress, 2025) [18]. output (Odyssedure.eu, 2025) [22]. In other
The phenomenon was felt at the regionalwords, the energy cost per unit of agricultura
level. In Romania, the cost of nitrogbased value added has risen, either because energy
fertilizers increased more than fourfold, from prices increased more rapidly than the value
approximately 900 lei per ton in 2020 to overof agricultural production, or because farmers
4,000 lei per ton in 2021, driven by the were forced to use larger quantities of energy
European gas crisis. At the same time, naturasuch as additional pumping and irrigation
gas prices increased by around 40%gduring drought years to olia comparable
electricity prices by approximately 19%, and harvests.This phenomenon may signal either a
diesel prices by about 21%, valuesdecline in efficiency or an adaptation to more
comparable in magnitude to those observed ichallenging operating conditions. It should be
the Republic of Moldova. These similar noted, however, that at the macroeconomic
figures comirm that the energy shock was level the Republic of Moldova has gradually
regional and global in nature rather thanimproved its oveall energy intensity,
purely local, and that farmers in both decreasing from approximately 4.4 MJ per
countries faced the same challenge of sharplsDP (1,000 USD) in 2015 to about 2.7 MJ
rising input costs. per GDP in 2022, indicating that the economy
The major difference lay in the capacity toas a whole has become more energy efficient
respond. As a member of the EurapdJnion, (NBS, 2023) [21]. The divergence between
Romania benefited from support packages anthe agricultural sectorcharacterized by a
financial instruments, including the National rising energy intensity and the national trend
Strategic Plan 2022027, aimed at mitigating marked by declining energy intensity
the impact of the crisis. These measuredighlights a sectespecific challenge in
included subsidies for agricultural diesel, state&keeping pace with the energy transition.
aid for farmers af#ficted by drought and high Primary agriculture remains less efficient and
input prices, and other targeted supportmore vulnerable to pre shocks, which
mechanisms (Agerpres.ro, 2022) [1]. Inunderscores the need for targeted
Moldova, the government implemented interventions aimed at improving efficiency
emergency measures such as partishnd reducing dependence on conventional
compensation for energy tariff increasesenergy sources.

affecting foodsector enterprises anthrough  Rising energy prices have translated into
AIPA, introduced temporary reimbursementsubstantially higher import costs for fuels,

schemes covering part of the electricity costslectricity and fetilizers, while
used in agriculture, for example for irrigations i mul t aneously compressi
or onfarm processing. margins.This erosion of profitability directly

Nevertheless, the financial burden onaffects the international competitiveness of
Moldovan farmers remained substantial, withMoldovan agrfood products, confirming
many poducers forced to resort to credit earlier findings that efficiency and cost
financing or to postpone investments due tcstructures are desive determinants of trade
working capital constraints caused by elevategp e r f or ma n c eet dl,C2014e Tblc h i ,
energy bills. Farmers tried to adapt in the short term by
An indicator of this development is energyreducing energy consumption wherever
intensity in agriculture, defined as the amountpossible. However, energy demand in
of energy used to produce one unit ofagriculture is not easy to cut, which shows
agricultural value added. According to athat the possibilities forapid adaptation are
national energy profile, the energy intensity oflimited (OECD, 2018). At the same time, the
the agricultural sector in the Repigblof energy transition does not mean only higher
Moldova increased  significantly, by prices for fossil fuels, but also the need to
approximately 139% in recent years, switch to renewable energy sources and more
indicating that agriculture has come tosustainable practices, incilad in the
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agricultural setr. In recent years, concrete They can reduce water evaporation from the
examples have also started to appear in theoil and provide some protection against
Republic of Moldova, showing that extreme weather conditions, such as il
agriculture is gradually turning toward greenexcessive solar radiatiorin this way, a more
energy, both to better cope with difficulties favorable microclimate carbe created for
and to reduce costs. A good example in thigertain crops.At the same time, farmers gain
regard is grophotovoltaics, also called an additional source of income from
agrivoltaics. This involves using the sameelectricity generation, increasing their energy
land both for agriculture and for the autonomy and offsgéhg electrcity-related
production of solar energy. costs. Given that approximately 75% of the
At the end of 2025, the Ministry of Energy of territory of the Republic of Moldova is used
the Republic of Moldova published the first for agricultural purposes, agrivoltaics offer a
national guide on agrivolia systems, which balanced solution for the expansion of solar
shows that this field is beginning to be takenenergy capacity, avoiding the exclusive
more seriously at the level of public policy asoccupation of producte land with
well (Hituc, 2024) [12]. More specifically, photovoltaic installations (Hituc, 2024) [12].
these systems involve installing photovoltaicFor example, one hectare of agricultural land
panels above crops or pastures at a height thaguipped with agrivoltaic systems can
still allows the land to be &d for agricultural generate approximately 400 MWh of
activities. According to the information electricity per year, equivalent to the annual
presented in the guide, one hectare of land caconsumption of around 15200 louseholds.

be used for the installation of panels capabléit current tariff levels, this energy output may
of producing enough electricity to supply generate revenues exceeding 1.3 million lei
dozens of households, while aeteame time annually, while maintaining or even
the land underneath can remain productiveimproving agricultural production.

For example, shaelerant crops can be Through seHconsumption, the electricity
grown there, melliferous plants can be sownproduced significantly reduces costdated to

or the land can be used fgrazing (Hituc, irrigation, refrigeration, processing and

2024) [12]. Compatibility of major storage, directly lowering the unitost of
agricultural systems with agrivoltaisystems agricultural production. In this way,
Is shown in Table 1. agrivoltaics transform land into a dual

productivity asset, gerating both food and
Table 1. Compatibility of major agricultural systems energy. Thi s

with agrivoltaic systems stability, improves the competitiveness of

enhancescialf ar mer

Crop / Compatibility Why it is suitable for . .
system with shading | agrivoltaics agricultural products and increases the
Vineyargls Very high Reduces water and he sector 6s resilience t o dr
(grapevines) stress; provides protection .
against sunburn and hail V0|atl|ltY-
Orchards High (with Replaces anthail nets and Such models have already been tested in the
(apples, plums, | appropriate supplies energy for cooling

etc.)

system design)

and postharvest processing

Shadetolerant

High

Reduced wilting, improved

European Union and the United States, and
their adaptation in Mldova supported by

tabl il isture, tend
(otuce arowing season | development partners suggests a strong
spgl;ch. ) potential for structural transformation of rural
cabbageetc. .
Pasture with Very high Natural maintenance area; where future farms may S|multaneously
sheep (solar livestock shade, improve¢  function as producers of both food and energy
grazing) drought resilience

Source: elaborated by the authors based on Barro

Gafford et al. (R19)[3].

n(Photo 1).
Such systems can reduce soil
evaporation and protect crops,

water
while

Another important advantage is that theseSimultaneously generating electricity for self
panels not only produce energy, but also helgonsumption or for delivery to the grid.
agricultural crops.
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sources, notably biomass and biogas. As have been emearaged primarily through
predominantly agrian economy, the international financing programmes (Efremov
Republic of Moldova has substantial et al., 2025]7].

guantities of plant residues such as straw, cor@rants and subsidies targeted at green energy
stalks and byproducts from winemaking that investments have played a key role in
can be valorized for energy purposes. Theccelerating this transition. In 2023, amid the
International Energy Agency has highlightedpeak of the energy crisis, projecapported
Mol dovads pestentiphforfbiomassn by UNDP, the Austrian Development Agency
energy development, given the agriculturaland the Government of Japan were launched
structure of its economy. to assist agricultural producers in improving
energy efficiency and adopting renewable
energy solutions.

A dedicated programme focused on women
entrepreneurs irural areas provided grants of
up to USD 6,000 for agricultural
microenterprises and up to USD 18,000 for
womenled agricultural SMEs, subject to a
20% cofinancing requirement. Eligible
investments included photovoltaic panels,
biogas equipment, heat pumpsd biomass
boilers, as well as other energy efficiency
measures implemented on farms. The stated
objective of these initiatives was to enhance

Photo 1. Agrivoltaic system with elevated structures

over rows of fruit trees the energy autonomy of agricgl_tural holdings
Source: elaborated by the authors basedHitac, L.  and to reduce their vulnerability to energy
(2024)[12]. price shocks (AgroExpero, 2023)[2]. It is

also worth noting the emerging fiscal
Several livestockarms have already begun to incentive framework that the Republic of
implement biogas installations, converting Moldova is beginning to develop in order to
manure and other organic waste into methanstimulate green investments in rural areas. In
that can be used as fuel for heating orseveral European Union countries, fiscal
electricity generation. This approach not onlyincentives are alregdin place; for example,
provides a local and renewable energy source&s r a n c e of fersvospacichi ct
but al® contributes to improved waste incentives, including tax exemptions, for
management and the reduction offarmers who combine solar energy production
uncontrolled methane emissions fromwith  agricultural  activities.  Similar
agriculture, given that methane is a highlyrecommendations appear in policsiented
potent greenhouse gas when released directbtudies for Moldova, sth as reducing value
into the atmosphere. In parallel, many farmersadded tax on renewable energy equipment
have switched to bioass boilers using pellets (solar panels, turbines, batteries) or granting
derived from agricultural residues or land tax exemptions for farmers who install
sustainably sourced wood to heat greenhousgshotovoltaic systems on their agricultural
and farm facilities during winter, thereby land. Such measures could enhance the
reducing reliance on natural gas or fuel oil.  economic attractivenssof these investments
Energy efficiency measures have also startedy shortening payback periods and lowering
to gain tration, including the use of heat upfront costs.
pumps for cold storage facilities and theAt the practical level, the effects of
modernization of irrigation systems throughdecarbonization in agriculture are also
higherefficiency pumps and drip irrigation reflected in a growing orientation toward
technologies, which reduce both water andarming practices with a lower carbon
energy consumption. These developments$ootprint. The oncept of ClimateSmart
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Agriculture, promoted by organizations suchOverall, the energy transition offers Moldovan
as the FAO and the World Bank, is graduallyagriculture an opportunity for positive
gaining visibility in Moldova. This approach structural transformation: reducing
involves techniques such as cover croppinglependence on importéassil fuels, lowering
and minimum tillage aimed at maintaining vulnerability to volatile energy prices, and
carbon stocks ni soils and reducing fuel creating alternative income streams through
consumption associated with repeatedenewable energy production or savings. The
ploughing optimized crop rotations that cansteps taken to date from the initial deployment
decrease dependence on chemical fertilizersf solar installations on farms, to subsidy
improved livestock waste management toschemesupporting energy efficiency, and the
reduce methane emissions (potentiallygradual integration of agriculture into climate
through capture in biogasstallations), and policy frameworks represent a foundation
soil carbon sequestration through organicupon which future development can be built.
matter management and conservatiorA critical issue concerns the extent to which

agriculture practices. the energy transition both through ngi
Recent studies indicate that agricultural soilssnergy prices and through the broader
in the Republic of Moldova have the potential processes of modernization and

to sequester up t don2 Méearlmohizatiom has effectivelytinflyerdced the a r
emissions if sustainable land managemenproductivity of the agricultural sector in the
practices are widely adopted. At present, thiRepublic of Moldova over the past decade.
potential is only partially exploited; however, Agricultural productivity can be assessed

as environmental policies introduce newfrom multiple perspectives: through partial
incentives such as payments for ecosystermproductivity measures, such as physical yields
services or voluntary agriculturatarbon expressed in tons per hectare or the efficiency
market mechanisms farmers could benefiof specific inputs (for example, energy
financially from soil regeneration and efficiency measured as value added per unit of
emission reductions, in addition to the broadeenergy consumed), or through totadctor

gains associated with improved soil fertility productivity (TFP), which provides an

and climate resilience. aggregated measure of the contribution of all
To fully integrate agriculture into the production factors.

objective @ climate neutrality by 2050, a key Economic modeling indicates that, under
challenge will be the electrification and conditions of low electricity demand elasticity
efficiency improvement of agricultural (U = 10.11), a 44% incre
mechanization. Although electric tractors andleads to ont a marginal reduction in
harvesters are currently at pilot orconsumpti on (approxi mat el
experimental stages at the global leveltotal energy expenditure rises by around 37%.
technological pogress over the coming Given that energy accounts for roughly 20%
decades may lead to the adoption of electric oof total agricultural costs, this translates into
hybrid machinery in commercial farming. an increase in overall production costs of
Such technologies would significantly reduceapproxmately 19% (Table 2).

diesel consumption and could be powered byeconomic modeling of the impact of energy
locally generated renewable energy, forprice increases on agriculture imposed to
example from agvoltaic systems, thereby calculate the indicators mentioned below.

closing the sustainability loop. In the interim, (1)Price elasticity of energy demand:

transitional solutions include the use of

biofuels (such as vegetable oil or biodiesel) in- P3l T P30 ééééééeé. (3)
existing machinery and logistical optimization Theseresults in:

measures, including the reduction of =¥AY -z2p 30
unnecssary  transport and increased P o0 ™ PpWYT b 1& P
cooperation among farmers for the shared use

of energyefficient equipment. (2) Total energy expenditure:
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# 00@1 88888888888 1 example, some farmers reduced the areas

After the price increase: planted with inpuintensive crops, sn as
# p8 WBOL P X maize or greenhouse vegetables, or shifted
tincrease & +37% toward more resilient and sustainable crops,
(3) Impact on totahgricultural costs: including nitrogerfixing crops like soybeans
to reduce fertilizer requirements, or oilseed

%@pCt ot & s I %@pC ¢é ¢é crops thdt eequireFewer treatments.
%pCt ot & 0.20 T 37 % &verall, 4 athough physical prodinty

measured in tons per hectare did not collapse
Table 2.Economic modeling of the impact of energy following the energy price increases, yields of
price increases on agriculture in the Republic of\yheat and sunflower were weak due to

Moldova (2022) drought conditions, while maize production
Indicator Symbol | Value . .

was particularly affected, falling to less than
Price elasticity of - half of its 2021 level. As a result,

S A 10. 11 . . . .
electricity demand disentangling the impact of energy prices
increase in electricity from that of adverse weather conditions
tariffs P | +44% remains challenging. In 2023, a more
Estimated reduction n "0 . o favorable agncultural_ year, high product|on_
energyconsumption Loy - 8% levels were once again achieved, sqpported in

part by improved access to lowerg inputs,
Estimated increase in %PC | +37% including fertilizers at reduced prices.
energy expenditures An important complementary indicator is
Share of energy in : energy productivity. Ac_co_rding to the
agricultural costs S 20% National Bureau of Statistics, the energy
Estimated increase in total o, | .00 productivity of th_e Moldovan economy
agricultural costs o 1o measured as GDP in thousand USD per tonne

Source: elaborated by thef gilteguivalenty 8fs €aergyn copsumed et
(2025)[24]. increased from 9.6 in 2015 to 15.8 in 2022

(NBS, 2023) [21]. This trend reflects overall
Such an increase significantly reduces farnprogress, indicating that more economic value
profitability, particularly for small and is being generated per unit of energy
mediumsized holdings, confirming that consumed, largely driven by nagricultural
energy price shocks are largely transmittedsectorssuch as light industry and services,
into the cost structure of agricultural which have achieved higher efficiency gains
production.In the short term, the surge inthan agriculture. Agriculture did not
enegy prices had a predominantly negativecontribute to this overall increase; on the
effect on agricultural performance, not socontrary, as previously noted, its energy
much through an immediate decline in outputefficiency has deteriorated. This situation
volumes which were more strongly influencedindicaes that Moldovan agriculture still
by drought and other natural factors butpossesses substantial potential for
through the erosion of farm profitability amd  productivity growth through technological
reduction in investment activity. In 2022, modernization and the adoption of more
despite elevated production costs, Moldovaenergyefficient practices. For example,
nevertheless achieved relatively goodaverage yields per hectare in the Republic of
agricultural output levels for certain crops. Moldova remain dwer than those recorded in
However, farmer sd ma rRgmanis or \seossethesBurbpednaunioni fer | |y
compressed, as cereal selling pricé$ dot many basic crops, including cereals and
increase proportionally to input costs, legumes. This gap is partly explained by
resulting in lower net incomes. This weakenedower investment levels, limited irrigation
farm capitalization and led producers to adopinfrastructure and the continued use of
a more cautious approach in 2023. Foroutdated technologies.
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In this context, the energy transition may actintegration into EU markets and access to
as a catalyst for modernization. On the onemodernization funds, including newer
hand, high energy costs compel farmers tanachinery, improved seed hybrids and more
seek new solutions for instance, investing inbalanced  fertilization  practices.  Like
drip irrigation systems powered by solarMoldova, Romania hasignificant untapped
panels, which in the long run redudliesel potential in rural renewable energy. Following
consumption and increase yields per hectarghe sharp rise in electricity prices after 2022,
On the other hand, policy support for greenmany large Romanian farms began installing
technologies provides access to funding thatheir own photovoltaic systems to secure
translates into new equipment and technicaénergy independence. In both Romania and
know-how, such as the installation of heatthe Republiof Moldova, greater attention has
pumps for grain drying, wbh consume up to been given in recent years to the rehabilitation
three times less energy than older-gased of irrigation systems. Although these
drying systems. investments lead to higher energy
In the long term, the sustainability of consumption in agriculture, they are very
agriculture will depend on the extent to whichimportant for maintaining and increasing
it succeeds in decoupling production growthagricultural prodation in a context where
from increases in energy and resourcalroughtis becoming more and more frequent.
consumption. The concept of energyThe main issue is that these systems must be
efficiency thus becomes an integral efficient not only from a technical point of
component of productivity. While farmers view, but also in terms of energy use and
have traditionally focused primarily on environmental impact. That is why new
physical yields (maximizing output), in the technologies, sut as solapowered pumps
future the indicator of energy performanceand sensacontrolled micreirrigation
output per unit benergy consumed will gain systems, are becoming increasingly important.
increasing importance, particularly if emission Without such solutions, there is a risk that the
costs (such as carbon taxes) or schemgsroblem of drought will be replaced by
rewarding energy savings are introduced. another one, namely dependence on expensive
A practical example is the transition to smartenergy for puming water.

irrigation systems equipped with soil moistureln the short term, the energy transition has
sensos and powered by solar panels whichbrought serious financial pressure and, in
can increase crop productivity by iZD% some cases, even production declines,
while simultaneously reducing water andespecially for farmers who do not have
energy  consumption by  comparable enough resources to cope with higher costs. In
proportions, relative to traditional flood the medium and long term, howeyethis
irrigation methods that are enermensive process can also bring positive effects,
and inefficient. Such efficiency gains because it pushes farmers to use new
contribute to improvements in total factor technologies and become more efficient. In
productivity (TFP), which in agriculture has this way, agriculture can become more
stagnated or increased only slowly over recentesilient to crises, less dependent on external
decades. The ultimate objective is anfactors, and better adapted to environtakn
agriculture that is economically competitive requirements.

producing more wh fewer resources and Everything depends, however, on how well
ecologically resilient, avoiding the this change is managed, both by state
degradation of resources needed by futurénstitutions and by agricultural producers.
generations. Investments in modern technologies, the use
A comparison with Romania reveals similar of more sustainable practices, and the proper
patterns. Romanian agriculture has also beense of support measuresrea all very
strongly affected by recurrent droughts and mpor t ant , so that today
rising input prices; however, loAagerm turned into opportunities for the futurdo
productivity has increased moderately due tdetter understand the position of the Republic
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of Moldova in this process, it is useful to look VAT rates on electricity and natural gas for
at other countries as well. Romania is a closagricultural users and tax exemptions under
example, beasse it has similar natural and incomenorm regimes for farms using
agricultural conditions, but also better accesgrotected cultivation systems supplied by
to financial resources and supportrenewable energy. These efforts were aimed
mechanisms, as a member state of that preventing the bankruptcy of small
European Union. Agriculture there has alsoproducers.

been strongly affected by rising energy pricesCompared to the EU average, both countries
The Romaniantate intervened through direct remain at lower levels of energy efficiency
drought compensation, amounting toand renewable energy penetration in
approximately 365 million lei for affected agriculture; however, the overall trend points
farmers, as well as through other supportoward convergence. The European Union
measures, such as the temporary capping of ncr easi ngl y prohot ké t
electricity tariffs and exemptions from excise strategy, which incorporates targets related to
duties on diedaised in agriculture. energy sustainability, including emission
Although Moldova also provided certain reductions in agriculture, renewable energy
compensation measures, its fiscal capacityse on farms and circular economy principles.
was significantly more limited, meaning that In this context, Romania and the Republic of
Moldovan farmers bore a relatively greaterMoldova particularly as Mldova became an
share of the impact using their own resourcesEU candidate country in 2022 and began
In Romania, th&Common Agricultural Policy aligning with the acquis are expected to
(CAP) played a stabilizing role: direct implementincreasingly similar standards. One
payments to farmers ensured a minimumexample is the requirement for energy audits
income even under rising costs, while ruralin medium and large agfood units, already
development measures enabled access fapplied in the EU andKely to be extended to
funding for energyefficient equipment, such Moldova, thereby accelerating the
as support for installig photovoltaic panels modernization of inefficient equipment. In
on farms through the National Rural parallel, EU discussions on concrete targets
Development Programme. By contrast, thefor reducing methane emissions from
Republic of Moldova relied primarily on its agriculture are expected to encourage farms in
national budget and external assistance, whichoth  Romania and Moldova tanvest in
helps explain why positive initiatives, anaerobic digestion (biogas) and improved
including green grants, we implemented on livestock nutrition in  order to lower

a smaller scale. emissions.

Another important difference lies in the Within the broader energy transition,
structure of agricultural holdings. Romania, diversifying energy sources and reducing
similar to Moldova, has a dual agricultural dependence on fossil fuels represent strategic
sector consisting of several thousand largepriorities for agriculturaeconomies. Romania
highly mechanized commercial farms has increasingly capitalized on its wind and
alongside wer one million subsistence or solar potential, particularly in the Dobrogea
semisubsistence farms. In both countriesr e gi o n, which hosts one
large farms demonstrated a stronger capacitwind farms. Over the long term, this process
to absorb the energy shock, benefiting fromcontributes to more stable and potentially
better bargaining power, financial reservescheaper energy benefiting not only the
and economies of scale. Small farms were theverall economy but also agonod value
most exposed. In Moldova, small vegetable chains by reducing energy costs associated
and dairy producers were directly affected bywith processing and storage.

higher electricity tariffs, as a substantial shareAlthough on a smaller scale, the Republic of
of their output requires refrigeration and-on Moldova is undergoing a similar process of
farm processing. In Romania, protectivestructural transformation. Aelerated
measures were introduced, includiregfluced investment in renewable energy sources and
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the synchronization of the national powerimportant. It means that reducing emissions
system with the European ENTSOnetwork  will no longer be only an environmental issue,
have strengthened energy security andut also a matter of market access

enabled a gradual departure from dependenda other words, if agricultural products are
on vulnerable traditional sources. Theobtained through methods that consume a lot
Cer nalgsaocdeE hi Hi ntu I nt o energynandegerieiate high emissions, they
holds particular strategic significance, as itcould be disadvantaged on the European
mar ks Mol dovabs tr an marketi Bon thi§ reason, aligning with Ithat e d
energy system to an integrated and mor&& ur opean Unionds a@lyeen st
resilient one. In the short term, energya good choice, but also an economic
diversification has involved increases i necessity. Romania is a relevant example in
electricity tariffs, which have been reflected inthis respect, because as part of the European
higher agricultural production costs. In the Union it already applies stricter environmental
medium and long term, if farmers have accessules in agriculture and invests in lower
to safer and cheaper energy, they will be ablemission production models.

to use more modern technologies, improveMoldova will need to pursue a form of
their irrigation systems, storage and Al eapfroggi ngo devel opme
processing facilities, and reduce pbstvest signals indicate that this direction is
losses. politically endorsed. At COP27 and COP28,
Energy interconnection does not mean onlyMoldovan officials reiterated the target of
transmission lines and infrastructure, but alsaeducing emissions by 70% by 2030 and
broader changes at the level of institutions andalled for internabnal support to achieve this
the market. It can contribute to greatergoal, emphasizing that energy security and the
transparacy, clearer rules, and more stability. green transition are mutually reinforcing.

For agriculture, all of this matters because itRegional perspectives confirm that the energy
reduces uncertainty, makes rural investmentransition is an inevitable and ongoing process
more attractive, and can open access ta agriculture. Although the Republic of
European funding programmes for moreMoldova starts from a position of relative
energyefficient technologies, such as electricdisadvantage, it also benefits from unique
irrigation  systems, modern ceklorage opportunities, including external support, the
facilities, biogas installations, or anaerobicability to incorporate lessons learned

digestion systems. elsewhere, and significant potential for
Vi ewed as a wh dolsaecead tranewalilee energyv ondrural areas. Close
Chi Hi ntu i nt er c onn e ccodpaention withs Ronmawia andj athert EU a

technical project, but also a real opportunitypartners can accelerate the adoption of green
for the modernizatiorof agriculture in the technologies in agriculture and support the
Republic of Moldova. It can help reduce development of an integrated agroergy
far mer so dependence sysem atethmee regoyal level i gererating
increase the competitiveness of the dgod mutual benefits for example through
sector, and guide it toward a more sustainablenterconnected mgs enabling renewable
and energiefficient production model. energy exchange or joint agricultural research
At the same time, the Eopean Union is programmes focused on climate adaptation.
moving more and more toward policies Looking toward the 203®035 horizon,
focused on reducing carbon emissions. TheMoldovan agriculture will be positioned at the
expansion of the ETS system and the possiblatersection of several critical trends:
application of the CBAM mechanism could developments in Igbal energy markets,
mean that, in the future, imports will also beclimate change with the potential to
taxed according to how poling their fundamentally alter production conditions,
production was. For the Republic of Moldova, and progressive integration into the European
which exports agffood products to the Union. Based on the data and policy
European Union market, this is very
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directions analyzed, a number of keywill become ncreasingly accessible for
expectations and challenges candmtified: agricultural producers.

Stabilization of energy prices and efficiency Adaptation to climate change

improvements The coming decade is likely to bring
Following the shock experienced duringincreasingly extreme climatic events, such as
202112024, scenarios  developed by droughts and heatwaves, which will intensify
international agencies such as thethe demand for agricultural inputs particularly
International Energy Agency (IEA) in the water for irrigation and, in some cases,
World Energy Outlook anticipate medium  additional fertilization to compensate for
term stabilization of fossil fuel prices, with a stressaffected crops. If current practices are
potential downward trend as the transitionmaintained, this may result in higher energy
toward renewable energy sources reducesonsumption in agriculture. The key challenge
demand for hydrocarbons. For the Republic ofwi | | therefor ee bwi ttho laecs
Moldova, this would imply that the years of by combining climatesmart agriculture with
sharp price increases may fmlowed by a clean energy solutions. For instance, if
period of greater predictability in energy irrigated areas expand, newly developed
costs. Nevertheless, price volatility cannot besystems should ideally be electrified and
fully  excluded, particularly in an powered by renewable energy sources rather
unpredictable geopolitical context. than by diesel pumps, as was coomin the
The most effective safeguard against futuregpast. In this way, even if the volume of
energy shocks will be improved eggr pumped water increases, the fossil energy
efficiency. If by 2035 Moldovan agriculture footprint can remain low. New technologies,
succeeds in halving its energy intensitysuch as solapowered pumps and, where
through technological upgrades and moreneeded, desalination solutions for the
efficient practices, the impact of any future intensive use of surface water or grouadisv,
energy price increases would be substantiallgould become increasingly important for this
mitigated. An indicative target wadilbe for region.

agricultural energy intensity to return to its Technological innovations

2015 level or below, effectively reversing the Some solutions that today still seem new or
approximately 139% increase recorded oveeven experimental could become, in the
the previous decade. Achieving this objectivecoming years, something common and
requires sustained investment in modernaccessible for farmers. One example is the

energyefficient machiney, logistics emergenceof autonomous electric tractors.

optimization, and the reduction of energy There are already companies testing electric
losses at farm level. agricultural robots, including some powered
Diversification of the agricultural energy by solar energy, for tasks such as mechanical
mix weeding or vegetable harvesting. If such

A significant share of commercial farms in the technologies become cheaper and are used on
Republic of Moldova is expected to becomea large scale, they could significantly change
energy prosumers, producing part of theim  the cost structure in agriculture. In other
energy requirements. Whether through smalivords, instead of purchased diesel, electricity
photovoltaic installations of several kilowatts generated directly on the farm could become
mounted on storage facilities, smatlale the main source of power.

wind turbines in areas with favorable wind Another example is the development of smart
conditions, or biogas generators on livestockural microgrids. This means that villages or
farms, such sources could glypa substantial several farms in the same area could connect
proportion of the s e dotadacad snergymetwork,ywhereotimeyg woug@ t i o
estimated at 2B0% or more. Government share renewable energy production and
policies already support this transition, and asnergy stored in batteries. Through this kind
the costs of green technologies continue taf organization, local demand could be
decline, the threshold for economic viability coveed more easily, and dependence on the

193



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

centralized grid could decrease. Such &or emissions or the introduction of new
solution would be especially useful for moreregulatory frameworks, for instance carbon
isolated agricultural communities, because itrelated charges on transport thatub also
would provide them with greater energy affect the distribution of agricultural products.
security. For the Republic of Moldova to In this context, it is essential for policymakers
beneft from such innovations, cooperation and the agricultural community to remain
with external partners, participation in pilot proactive and to  anticipate these
projects, and access to research andevelopments.

innovation funding will be important. Although the Republic of Moldova starts from
Policies and financing the positionof a small economy, it benefits
If by 2035 the Republic of Moldova joins the from greater agility, allowing it to adopt
European Union, itagriculture could benefit measures more rapidly than larger countries
from the support provided through theand to implement pilescale solutions more
Common Agricultural Policy. This would efficiently. The political commitment
mean access to larger direct payments and tdemonstrated toward the energy transition
funds for rural development. In addition, sincerepresents astrong catalytic factor. If this
2023, the Common Agricultural Policy has commitment is sustained and translated into
placed increasingnaphasis on environmental concrete projects for agriculture as outlined in
protection, and an important part of its budgetstrategic policy documents by 2035 Moldova
is linked to climateelated measures. EU could achieve a modern, competitive and
accession would therefore provide significantsustainable agricultural sector, one that does
financial resources to support the greemot merely withstand the energy transition but
transition in agriculture, including thrives as a result of it.

investments in mewable energy, nutrient

management and agroecological forestryCONCLUSIONS

practices.
Agricultural emissions and the economics Over the past ten years, the energy transition
of emissions has had a strong impact on agriculture in the

In the future, farmers may increasingly beRepublic of Moldova and has clearly shown
rewarded for reducing emissions, for examplehat energy security and food sety are
through voluntary carbon markets wheney closely connected. In short, the main
can sell carbon credits generated byconclusions of the analysis are the following:
sequestration practices, afforestation andRising energy pricesexerted unprecedented
agroforestry systems, or by reducing methang@ressure on agricultural production costs. The
emissions through anaerobic digestion. Byenergy shock eroded farm profitability,
2035, if such mechanisms are furtherparticularly among smalcaleproducers, and
developed, a Moldovan farmer could obtainexposed the structural vulnerabilities of
an adlitional source of income by operating a Moldovan agriculture, including high energy
digester that reduces emissions by a giveintensity and strong dependence on imported
amount of CQ, subsequently selling these inputs such as natural gas, fertilizers and
emission savings to companies seeking tduels. In the absence of support mechanisms,
offset their carbon footprint. the impact would havebeen even more
Overall, a picture emerges of a Moldovansevere, forcing farmers to adapt by reducing
agricultural sector in transition: more consumption and improving operational
technologically advanced, more closely efficiency wherever possible.

interconnected with the energy sector andThe transition toward renewable energy
ideally, more financially and climatically sources and improved energy efficienciias
resilient. Uncertainties will nevertheless begun to take shape as both a response to
persist such as fluctuations in global carbonrecent shocks and a strategic solution.
credit prices which could indirectly increase Agriculture is taking its first steps toward
fertilizer costs if producers are required to payintegrating solar energy such as agrivoltaic
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systems bioenergy and enemgfjicient 203012035 Prospects

technologies, a process encouraged byoldovan agriculture has the potential to
emerging policies and grant schemes. become more resilient and competitive if the
This trend needs to be accelerated, as in thenergy transition is managed proactively.
long term only through a degree of energyScenario analyses point to an increasing share
autonomy based on farms acting as energgf renewable energy in rural areas, a gradual
prosumers and reduced dependence on fossiduction in eargy intensity as efficient
fuels can agriculture enhance its resiliencetechnologies penetrate the market, and deeper
Investments implemented to date, includingintegration with European markets for both
photovoltaic installations, biogas facilities and agricultural products and energy. The future
irrigation modernization, confirm both the of agriculture is closely intertwined with the
technical feasibility and the economic benefitsfuture of energy, and in the case of the
of the green transition at farm level. Repubic of Moldova this implies a structural
Agricultural productivity and shift toward a lowemission, digitalized agri
sustanability are affected by the energy food sector that is increasingly interconnected
transition in a dual manner. negatively, with smart energy networks.

through cost shocks that can reduce input us&he structural implications of the energy
and threaten output levels; and positively, bytransition for Moldovan agriculture are
creating incentives to innovate and adoptreflected ina transformation of the way food
more energyntelligent practices that leat is produced, encompassing input use,
higher efficiency in the long term. The datatechnological processes and farm business
indicate that agricultural energy efficiency hasmodels. Adapting to these changes is not
declined in recent years, signaling the need fooptional but essential for the sustainable
corrective action. The largecale development of agriculture and for ensuring
implementation of climatsmart agriculture both food and mergy security at the national
and precision technologies wile essential to level. Although the Republic of Moldova is a
decouple production growth from increasingsmall economy, it has the potential to become
energy consumption and to achievea regional example of energynart
sustainability objectives. agriculture, provided that it continues on a
The Republic of Moldova faces challengespath of innovation and cooperation,
similar to those encountered by othereffectively leverging both internal resources
countries in the region, such as Romania, irhuman and agricultural and the support
the fieldsof energy and agriculture, but with offered by its international partners

more limited internal resources to manage
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Abstract

The aim of the studwas to evaluate the applicability of digital marketing for Bulgarian small and mediaed
wineries, withemphasis on online visibility, competencies, and sustainable growth. In 2024, a survey was conducted
among 13 wineries from Northwestern and Central Northern Bulgaria. The resultedti@at the most frequently

used channelgvere social media platformsdeebook and Instagram, while video marketmas only marginally
represented. The data clearly ideidtif a need for training in digital marketing and for regionally targeted
strategies for the national market. Accordinglywits necessary to develop tnig programs and practically
oriented tools for digital channels thabuld enhance return on investment.

Key words digital marketing, winemakers, social networks, training, wine tourism

INTRODUCTION end consumer(Bonarou et al., 2017) [3At

the heart of this new marketing landscape is
The evolution ofthe Internet since the 1990s, the concept of hAttention Economya term
driven by digitalization and platforms, has first proposed by Simon (1971) [16]. It
transformed marketing through social mediapostulates that in a world saturated with
and differentiated online from offline markets information, the primary scarce resource is
(Alves et al., 2016) [1]. In the contemporary human attention (Simon, 1971) [16]. The
environment, owning a website and activelyattention economy, which evolved from the
implementing digital tools are critical idea that attentioitself is a commodity, plays
conditions for customer access, companya key role in shaping economic value and
sustainability and brand recognition (Kannanpopularity in digital media format&érhonen
& Li 2017; Verhoef et al., 2021) [12, 18]. et al.,2018) [17]. In the contemporary digital
Marketing is evolving from analog to digital, ecosystem, consumer attention is perceived as
utilizing new tools to enter a brand new the currency with which they pay for content.
tecmological environment. Its primary object (Huberman, 2013) [8]. This compels brands,
is to reach, research and deliver to digitalincluding in specific niches such as wine
consumers what they are looking for. Onlinetourism, to fight for every second of
trading platforms and social networks playedengagement, turning visual aesthetics and
a major role in thisprocess (Alves et al., personal brand into key strategic assets.
2016) [1]. These platforms have nohly (Dziagacz, 2024) [7].
changed the way purchasing behaviour, butn astudy byl a "Hi2G29 [L0] concludes that
have also established new standards for the integration of modern technologies is the
delivery speed, supported by innovations inkey to the recovery of the wine sectorRn
logistics. (Krastev, 2017; Mastroberardino et Moldova, and the introduction of innovations
al.,, 2022) [14, 15]. In this context, newwi | | facilitate to the ¢
marketing opportunities have opened for in turn will improve working conditions,
the wine sector and wine tourism, using directreduce the environmental footprint and
online stores, social channels for advertisingsignificantly  increase  profitability.  In
reservation and logistics networks to reach th@ulgaria, in 2022, 358 wineries were
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registered, reached 3&fy 202%Koev, 2026) (https://danubewinemakers.p¢2]. Managers
[13]. In a study by Chorbadzhijski (202f)],  of enterprises classified as small and medium
cited by Dimitrov & Dimitrova (2025)5], the  sized enterprises (SMEsS) were surveyed, in
majority of them are small in terms of accordance with the respondent profile
production volume, which indicates that theyestablished in a previous stage of
are mainly familyowned, with Ilimited comprehensive research. Nine of them are
financial and managerial resources, orienteanicro- and small enterprises with the
towards the domestic market. Thesefollowing production volumes: five wineries
constraints affect their competitiveness andoroduce between 75 and 150 hl; two wineries
market sustainaliy, primarily leading to 1 from 150 to 375 hl; and twb from 375 to
savings in resources and effort at the expensé50 hl. Four enterprises are classified as
of marketing and advertising. Nevertheless, anediumsized with an average production
significant number of them have orientedvolume above 750 hl (Dimitrov & Dimitrova
themselves toward digital channels and tool2025) [5].

for advertising and customer acquisition The subject of the research was on the specific
(Dimitrov et al., 2025]6]. forms of virtual communication, digital tools

It is preciselydigitalization in the wine sector and strategies that managers use to promote
that will be key in positioning and reaching their products and wine tourism. The selection
customers, especially younger ones, whaof these specific subjects allows for an
interact much more widely and naturally with integrated angkis of the relationship between
brands in a digital environmerfeor them, an their production capacity and their digital
online presence is not merely a convenience,presence strategies.

but a key factor in building trust and loyalty to Research instrument: Data were collected
the product. Moreover, digital technologies dousing a structured questionnaire entitled:
not Aspoil 6 the i magBResedrch onrdigithi marketingaih thepwined u c t
but on the contrary they are the only way for sectop . The guesists ofnléai r e
these products to remain coetpive and questions, designed mainly as clossdied.
visible in the modern world (Jeleé&a Br u mtin order to ensure comprehensive data
2024) [11]. For this reason, enhancing thecollection, several questions allowed for
digital competence of management in smalimultiple-choice responses, which allows for
and mediunrsized enterprises is strategically in-depth understanding of the digital tools
important for the successful implementationused by the enterprises.

of digital marketing andfor ensuring the Data pre@essing and analysis: The collected
competitiveness of the business. data were processed using MS Excel, utilizing
The aim of the study is to evaluate theunivariate frequency distributions for both
applicability of digital marketing by small and qualitative (noAmetric) and quantitative
mediumsized Bulgarian wineries, with an (metric) variables (Goev et al., 2019) [9]. The
emphasis on online visibility, competenciesinterpretationis followed by an analytal

and sustainable growth. approach to identify the strengths and
weaknesses in the digital communication
MATERIAL S AND METHODS strategies used by winery managements to

effectively reach their target audiences.
The research based on a primary surveyrhe analysis is structured around four
conduct ed Tihe foriwing festivhle reBearch questions (Research Questi®®®),
in Pleven, Bulgaria (August 20 September whichaddress the following:
1, 2024). 1. Infrastructure provision (RQ1): What
The object of the research is the digitalproportion ofthe enterprises have their own
marketing and online presence of 13 wineriesyebsite and do they maintain -tgpdate
from North-West and NortfCentral Bulgaria, information foruser®
all active members of thAssociation of the 2. Communication channels (RQ2): Which
Danube Winemakers social networks and video channels (YouTube
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and TikTok) dominate the marketing mand
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 andesults (RQ4): Whashare
of the budget is invested in digital activities

and how does this affect managers' ability tc ]

evaluate return of investmefROI)? Regularly pdated. Infrequently updated Generalnformation o website

content content only

=
o

O B N W A O N ® W

RESULTS AND DISCUSSIONS Fig. 1. Website Content Managemegnt=13)

Source: own calculation based on sevey.
The first group questions pertains to website . : ) .
availability, the frequency of information The third question wasifWhat is your

updates, and market positioniingspecifically, primary target market_in the digital space?
the markets toward which the wineries areB.""S‘.ad on the data (Fig. 2), the responses are
oriented. distributed as follows: The response options

The first questiowas: Do the wineries have WETe as follows:
their own website® .When processing the &) Nationali 9 mentions (60%)

- R . b) Regional 2 mentions (13%)
responses, nine winerigégve a websiteone ) international 0 mentions (0%)
does natand three (at the time of the survey) d) National and Internation&l4 mentions (27%)
are in the process of being developékhis The total number of respons&ssl15 exceeds
indicatethat most wineries already have theirthe number of participanis13.¢ | t ho u g h
own page and have the opportunity tooption to select more than one answer was not
advertise Regardingthe winery thatdoes not provided, repesentatives from two of the
haveonei it has been on the market for awineries indicated bothational and regional
relatively short time (founded after 2022) markets. We assume that their response is
despite the lack of suclan option in the driven by the fact that the majority of their
responss, the manager noted that theyproduction is sold on the local market, with a
currently advertiseonly through one social smaller portion reaching international
networki Facebook markets The primary focus for the wineries is
The purpose of the second question is tdhe national markef60%), followed by those
checkiiHow often they upate the information targeting both national and international
on their websité 0 The reason for this is to markets (27%). For the latter group, digital
reveal the frequency of content and capabilities must be tailored to the specific
information upodating It is linked to characteristics of the respective international
conducting regular advertising and markets to which they export, taking into
promotional campaigns. Nine of the account the tastes and traditions of the local
respondentsupdate their content regularly population, as well as thegotential channels
one updates iinfrequently while none rely and social networks required to reach their
solely ongeneral informationthe remaining target groups. Additionally, representatives
threedo not yet hava website (Fig. 1). from two of the wineries indicated a focus on
The results indicate that most wineries striveboth national and regional markets.
to update their information and offer ¢ = There is a clear need for a more integrated
date proposals more frequently.rthermore, digital approach thabalances local traditions
they have the opportunity to monitor click with global digital trends, ensuring that
through rates and identify the most searehedwineries not only reach, but also resonate with
for content, allowing them to better direct diverse consumer groups across different
their marketing policies. geographic boundaries.
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The next question aims to specifiwhich are
the most frequently used social media
networks by the enterprises?Since some
enterprises utilizemore 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,Facebookis the most widely
used platform, with 12 out of 13 wineries
. _ o maintaining a presence there. This is followed
Fig. 2. Target market in the d_|g|tal space by Instagram which is used by 9 of the
Note: The total number of méahs (n=15) exceeds the . . s .
number of respondents (n=13) because somdespondents. Only three wineries utilize _V|deo
participants provided more than one answer. platforms such a¥ouTubeand TikTok while
Source: own calculation based on the survey. the fi0ther® cakegory (e.g.LinkedIin X) was
selected by only one respondent (Fig. 3).

The next set of questionare related to The responses unequivocally demonstrate that
Research Question- 2 (RQ2): Which within the most widely used digital marketing
communication channels do wineries use, andhannel- social media owners have focused
what marketing mix do they employ to primarily onFacebookand, to a lesser extent,
enhance their visibility in the digital space. Instagram

Regarding the questioriiDo you use social

media for marketing your producy?the

managers responded as folkw 12

a) Yes, we actively use several social medis

= National-9 = Regional - 2 International-0 = National and international - 4

10

networksi 9 responses; .
b) Yes, but we focus on only one social
media network 3 responses; ?
c) We use social media, but not activélyl ¢
i .

response; 2
d) We do not use social media responses. o
. . . . Facebook - 12 Instagram - 9 YouTube; TKKTok-3 Others (e.g. LinkedIn,
The resllts indicate that all surveyed wineries 01

utilize at least one social media platform. TheFig. 3. Socialmedia anddigital channelsused bywine
majority of them maintain an active presencegcellars _
which ~ demonstrates that their digital Note: Total me_ntlons (n=25) excee'd the number of
. . . . ., respondents (n=13) due to the multipleice format
marketing is primarily focused on social o the question.
media advertising. This appears to bertiest  Source: own calculation based on the survey.
critical segment of their overall digital
marketing strategy. Only a few wineries (3) utlize video
It is noteworthy that while some wineries do channels, despite their high potential for better
not yet have a fully functional website, all of positioning and increased visibility of the
them, without exception, are present on socialineries' offerings. This suggests that
networks. This confirms the role of social wineries should redirect their advertising
platfor ms as an fdentry [paldies toward these platfdings. Fdrthepe, t a |
presence of newer or smaller producers. only one respondent reported advertising on
This high intensity of use of social networks other social media, highlighting another
is probably due to the possibility of direct untapped opportunity, such as the business
communication with the end consumer, theoriented platforniinkedin Wineries offering
relatively low advertising costs and theol® wine tourism, particularly those with
for precise targeting of interest groups (e.gaccommodation facilities, could also
wine lovers, wine and culinary tourism suwccessfully leverage global reservation
enthusiasts, etc.). networks such as Booking.com and
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TripAdvisor. Short video messages areOf all participants, only one (the winery
frequently used by companies offering winewithout a website) did not respond. For the
tourism. For this reason, we examined theremaining 12 respondents, the total number of
adoption of this marketing tool through the mentions reached 16 (Fig).

question: iDo you use video channels to The most widely applied method Gontent
promote your products? The responses Marketing (7 mentions), followed byEmail
indicate that video content is currently Marketing (5 mentions), Social Media
overlooked as a powerful advertising Advertising (3 mentions), and SEO (1
opportunity (Table 1). Only one respondentmention). Two respondents selected two
reportedposting videos regularlywhile five  options, while only one winery utilizes a
othersdo so rarely On a sitive note, five combination ©& Email Marketing Content
managersplan to startusing video content Marketing andPaid Advertising The results
more frequently. Only two respondents statectlearly indicate that wine enterprises do not
that theyhave no plango use video channels sufficiently utilize the full range of digital
for now, which suggests they may becomenstruments to position themselves in the
less visible in the future compared to thosemarket. This is primarily due to their heavy

who embrace thisofmat.. reliance on social media, which provides
flexibility in content updates (mainly for

Table 1.Using video channels for advertisifig=13) promoting products and upcoming events) but

Response category Number of relies significantly less on paid advertising.

: respondents One of the most effective tools SEO is

Yes, we post videos regularly 1 -

Yes, but we rarely post video 5 utilized by O_nly one manager. .

No, but we plan to start 5 The analysis eveals a weak adoption of

No / Not planned 2 digital instruments. We can assume this is

Total 13 driven by several factors: limited budgets

Source: own calculatiobased on the survey. lack of familiarity with digital marketing

tools lack of experience or specialized
The results reveal a significant deficit in the knowledge absence of qualified personnel
use of video content, despite its proven role injme constraints or the fact that digital
achieving high visibility and engagement. Themarketing is not currently a strategic priority.
data shows that over 84% of the surveyedy \ell-developed advertising campaign is a
managers do not use video channels regularlyital component of a company's development
which limits their competitiveness in the and promotion, often requiring a substantial
digital environment. ~budget. Consequently, this study examined
Regarding one of the key questions in thispyphethe and how regularly wine enterprises
study What types of digital marketing do yse paid advertisements on platfor(ssch as
you employ@ ,managers were allowed t0 Google, Facebook, and othgPsdo The
select multiple answers. response options are detailed in Table 2.
The results show that only three wineries use
paid advertisingregularly, while five do so
rarely. Additionally, two respondents are
considering starting whereas thredave no
plans to e paid advertising. Based on these
findings, two hypotheses can be proposed:
first, that wineries operate with limited
budgets for paid promotion; and secotitht
there is a lack of market familiarity regarding
o covmwr socwweon w0 ommss o the opportunities for online investment. This
L . suggests a potential concern among managers
regarding the return on investment (ROI) and

Fig. 4. Distribution of digital marké@tg instruments
applied by wine enterprises (n=12)
Source: own calculation based on the survey.
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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 2

starting

No, and no plan to use 3

Total 13

Source: own calculation based on suevey.

The following set of questions focuses on th

advertising, it indicates either an over
optimistic selfassessment or a lack of
understanding regarding the full potehtad
digital marketing.

With the question:iwhat are the biggest
challenges you face in digital marketing?
our goal was to identify the specific barriers
and constraints that managers encounter in
their digital marketing efforts. Respondents
were giverthe opportunity to select more than
one answer (Table 4).

Table4. Challenges in digital marketing=12
Challenge Type Respondents Share of
(Counts) respondents(%)*

managers sefissessment of their familiarity

with digital tools, their level of preparedness,
and their potential need for additional
qualification and training. In response to the

¢ ; ; ; ; Competition with 3 25.0%

first question in his series Rdie the bigger brands

knowledge and expertise of your team other (please 0 0.0%
specify)

regarding digital marketing the results are
presented iMable 3.
One participant did not provide an answer.

Limited time to 5 41.7%
support campaigns
Insufficient
knowledge
skills

Lack of budget

4 33.3%

and

3 25.0%

Total Responses 15 125.0%
*Note: The survey allowed for multiple responses. The
percentages are calculated based on the total number of

The majority of respondents (7) stated thatparticipatingrespondents (n=12). One respondent did

they possess diGood enough level of
knowledge, followed by those witlivVery
good(2) and fBasi@® knowledgeé2). Only
one respondent indicatedfck of sufficient
digital expertisé.

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 whoanswered) feel confident in their
digital knowledge, defining it aSood enough
or Very good However, this subjective

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 bothinsuffident skills and limited
time, while the third respondent highlighted a
lack of budgetndlimited timeas concurrent
challenges.

The results clearly show that thmited time
required to conduct, monitor, evaluate, and
maintain digital campaigns is r@source that
many managers lack. Given that the majority
of the surveyed entities are smsdlale
production wineries with fewer employees,
the primary difficulty lies in allocating time
for marketing amidst their other operational
responsibilities Insuficient knowledge and
skills is the second most frequently cited
challenge, which confirms our hypothesis that

optimism contrasts with the actual operationathe personnel of certain wine producers

use of digital tools described in previous
sections. There is a clealgital skills gap.

require additional training and professional
gualification Three respondents indicated that

When managers rate their knowledge ashey face dficulties in advertising and

fAisufficien yet previous findings show low

promoting their brand because there is

utilization of instruments such as SEO or paidcompetition with bigger branddn reality, it
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Is quite difficult to allocate the time and awareness could lead to a broader adoption of
budget that larger enterprises undoubtediyanalytical tools and, ultimatelyto more
possessLarge wine producers have their own successful marketing campaigns. Overall,
marketirg departments and/or hire advertisingthere is a positive outlook toward using
agencies, which small firms cannot afford.analysis tools; however, the two managers
Three respondents stated that they haleela who do not plan to use them should be
of budget for marketing campaigns, which encouraged through increased information and
puts their future competitiveness at risknecessary training.

compared to brands that advertise and seek response to the qation: iWhat kind of
customers in the digital spac&he analysis training and additional knowledge do you
emphasizes the importance and necessity afeed®, the possibility for multiple answers
training that small wine producers maywas provided, resulting in a total of 18
require to cope with the challenges of digitalselections. Four of the respondents indicated a
marketing. Providing support through training need for more than one of the suggested
will be key to their successful adafiwsn and  options (Figure 6).

market competitiveness. The conclusion is

that investing in training can help wine

producers adopt new strategies and tools the

will make their marketing more effective.

In response to the questidiDo you use tools

to analyze and track the efteveness of your

marketing campaigns? the managers'

answers are presented in the diagram i
Figure 5.

Socml Media Pul Advertising Other No training
gement required

Fig. 6. Identifieddigital marketmgtralmng needs
Note: Number of respondents (n=13) were allowed to
Yes, regularly used select more than one option.Total number of responses
is 18.
Source: own calculation based on the survey.

No, and no plans to
use-2

Most commonly, managers prefer training
euentty 1 related toSocial Media ManagementThis is
expected, considering their previous responses
indicating that their digital tools are primarily
concentrated in social media. In second place
is the need fo6EQO optimizabn. This is also
Fig. 5. Usage of marketing analytics and performancethe most frequently desired profile by 4
tracking toolgn=13) managers, along with training in social media
Source: own calculation based on the survey. management. Only three of the respondents
L , stated that they haveo need for training
The _re_-sults indicate that the first 9roup, fowever, two indicated a need for training
consisting of three managenggularly USeS o |ataq toPaid Advertising We also provided
tracking tools. One respondent utilizes sucrhn opportunity to specify other training needs.
tools, thougot frequently A positive trend 5o vagpondent replied in this field, stating:
is observed in the largest group of S'XnComblnmg knowledge of wine with digital

[)estpclmd(:;ntsE V\t/hcc)) Ihazle not useg tf;lam‘;a; 4 marketing skills and expertigeThis indicates
utpian 1o start Unly two respondents stated ¢ training sessions related to digital

they haveno plans to useanalytical t0lS, o ating could be organized in the near

Wh!Ch. may Elgnal_ a need for_educaﬂon;lfuture in response to the needs of the business.
Initiatives.  Focusing  on  training  and gageq on the questioriiHow effective are
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your digital marketing efforts¥ the where digital marketing is not yet the primary
distribution of responses presented in Figurdocus.

7, clearly indicates a trend toward a devate -Strategic investment (30%50%): Only two
assessment of digital efforts. The highest barespondents invest a significant portion of
in the chart corresponds to the categorntheir furds in digital activities, demonstrating
sufficiently effective (7 responses), which a high level of recognition of the importance
serves as an indicator of a basic level ofof an online presence.
proficiency with digital tools. At the same

time, the significant number of managers (5 T
responses) who evaluate their effortxasso
effectiveunderscores the presence of seriou:
difficulties in achieving optimal results. The
fact that only one respondent falls into the
category fivery effectivé® categorically
confirms our hypothesis regarding the neec
for specialized training. under 10%

between 30%
and 50%

Fig. 8 Share of digital marketing in total marketing
’ budget (n=12)
° Source: own calculation based on the survey.

The results show that nearly0% of the

) respondents do not invest adequately in digital
. . . marketing. This passive strategy threatens the
, longterm competitiveness, particularly of
Highty effetive -1 Sufficintly efectve -7 Somenhat effective 5 Inclfective -0 small wineries. There is a need for active
Fig. 7. Managers' seiassessment of digital marketing promotion of awareness regarding the benefits
effeciveness =13 of digital advertsing within this sector.

Source: own calculation based on the survey. In response to the questioitiow do you

Based on the questiofiwhat percentage of evalua_te_ the return on invest_me\nt (ROI) from
the marketing budget is allocated to digital YoUur digital marketing campaigne?11 out of

marketing®, it is understood to what extent 13 managers provided an answer. The
wine producers have directed their efforts€Spondents’ answers are noted in Table 5.
toward online markets. The number of TWO respondents eiumted it asvery good

respondents is 12. The data regarding thdNiS group consists of respondents who
distribution of the marketing budget (Figure aIIocatgd a Iarge_r budget, as identified in the
8) indicates a clear trend toward low levels ofPréceding question. As a result, we can
investment in the digital environmerThe assume that with higher expenditures, there is

results can be differentiated into three main@ Sufficiently good profit, which indicates the
categoris: positive mpact of implementing digital
-Minimal investment (under 10%): This is the marketing —on the business. For two
most prevalent model, followed by eight respondents, the ROl is sufficient
respondents. This high proportion indicates ssatisfactory For three of the surveyed, the
strong reliance on traditional marketing réturn isinsufficienf and those who cannot

channels and an underestimation of the onlinéinable to determinare four. Given the small
space. investments allodad by most of themi
-Moderate investment (up t80%): Two of under 10% (the previous question), it
the managers allocate up to ahad of their indicates a low or zero return. Here, training

budget, which indicates a transitional stage€lated to analytical tools could be helpful.
The group that cannainable to determine
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(4), along with thosavithout a respons€?2), presence and do not see a need for expansion,
demonstrates aecessity for improving the or they face very limited budgets, lack of
methods for measuring and analyzing ROI tatime, and insufficient competencies. Only one
ensure a better awareness of the effectivenessspondent stated they are considering
of investments. reducing their digital activity possibly due to

a low return on investment (ROI).
Table 5.Managers' assessment of Return on Investment

(ROI) from digital marketing (n=11)

ROI Assessment| Responsecount Percentage share "

Category (%)

Very good 2 182

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 thit I

question |
Source: own calculation based on thevey. SIONIFCANTLY LIMITED SCALE  STAY AT THE  REDUCE OUR

SAME LEVEL DIGITAL
ACTIVITY

The importance of investment in digital Fig- 9.Future intentions for digital presence expansion
marketing and how their levglinfluences OVer the next3 years (n=13)
. . . Source: own calculation based on the survey.
return is clearly outlined. It also highlights a
need for training and awareness regardngr o dayo6s mar keting, mu ¢ h

ROl measurement is noted, in order torequires both intuiton and technological
improve business results and encourag@recision. The transition from a limited scale
producers toward a broader adoption of digitakg effective digital growth is possible through
strategies. In our view, thiswformation is the implementation of monitoring and
valuable for developing approaches that helgynalysis tools. Focusing on increasing digital
wine producers maximize their investments”teracy is the best first step, @ming that
and achieve better results. every invested resource will bring maximum
With the final 16th question of our survey, we gqded value to the winery.

aimed to determine:iDo you intend to

increase your presence in digital chais® coONCLUSIONS

The responses are shownfigure 9. To the

options provided, the participants respondedrhe small and mediwsized wineries

as follows: surveyed members by Association of the

a) Yes, significantly’ 3; fiDanube Winemakedsare at a turning point

b) Yes, but on a limited scale7, of fdigital awakening ,as the majority of

c) No, we will remain at the same leve2; managers now recognize the need for a more
d) No, we plan to reduce our digi@ttivity T permanent digital presence. However, due to
1 constraints in time, budget, or specific krow

Overall, the majority of respondents (10 out ofhow, they require accessible training and
13) express a willingness to expand theirsimplified, automated reports rather than
digital footprint, albeit with varying degrees complex software pitforms to directly link

of intensity. The group that responded theymarketing expenditures with the number of
will significantly increase their presence (3) wine cases sold or winery visitoranalysis
provides a pdfve sign for strategic from the survey manages to provide answers
development through online markets.Thetg the previously set questions:

largest group of respondents (7) plan to1 pjgital infrastructure and presencRQL) -
expand their presence, bon a limited scale  cyrrent status showkat most wineries have a
This may be a sign of a cautious approach opasic online identity (website), but it is often
limited resources. The group that stated theytatic.

will remain & the same leve(2) shows that conclusion: The results indicate the existence
they are perhaps satisfied with their currentyf 5 solid fundamental digital base (over 70%
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of the wineries have a web presence)digital activities leads to an inability to
however, a deficit in interactivity and measure ROI. This creategarsistent barrier
dynamic content management is still of low investment and poor results, which can
observed. Digital infrastructure is perceivedonly be broken through specialized training in
more as a 'business card' rather than an actianalytical tools and the reallocation of funds
tool for sales and consumer engagement. toward highperformance digital channels.

2. Communication Channels and VideoFirstly, the study demonstrates the necessity
Marketing (RQ2) i Widespread use of of condwcting specialized training to enhance
Facebook/Instagm and the neglect of video the digital literacy of management teams. The
platforms and shoifiorm videos identified Digital Skills Gapin the areas of
Conclusion: There is a pronounced reliance oifSEO, Video marketing, and ROI tracking
traditional social networks (Facebook andtools is a major obstacle to effective
Instagram), which creates a risk of saturatiorpositioning and budget expenditurEraining
and high competitive density. The critical programs should be practically oriented,
underestimation fo video plattorms guiding winemakers to transition from
(YouTube, TikTok) reveals a missed intuitive social media posting to strategic
opportunity, particularly for attracting decisionmaking based on datiiven
younger audiences and for a deeper emotionaharketing.

presentation of wine tourism through visual Secondly, as a strategic solution to overcome
storytelling. the chronic lack of time and limitedntancial

3. Regarding barriers and resource deficit resources, we propose the implementation of a
(RQ3)1 the limiting factors are lack of time model for shared (common) digital marketing
and knowledge. under the auspice®f Association of the
Conclusion: Regarding barriers and resourcéiDanube Winemakeds Cooperation would
deficit (RQ3)1 the limiting factors are lack of enable wineries (especially for micro and
ti me and knowl edge. sidletopootteem bhudgkts ferdng ektermalg i t a |
deficitd in the sur weegiaisls, bwldingeommensregional digital t S0
much financial as it is strustal and platforms, and joint advertising campaigns for
cognitive, where the lack of time and specificthe region's wines and wine tourism. This
expertise hinders the transition from intuitive approach would enhance the online visibility
to strategic marketing. This highlights a of the entire region and ensure a professional
significant Adigital skills gap , as the presence on vide channels, which are
widespread use of content marketing is noturrently underutilized by individual small
accompanied by technicalompetence in producers.

complex areas such as SEO aMideo
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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 supjgntiierl. 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 kailagy and Muscat Ottonel at the Institute of Viticulture and Enology. Theténg

decline in wine grape and wine production in Bulgaria revealed challenges across the supply chain. Stable farm
profitability emerged as a critical condition for maintainirgetsupply 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 Level Group on Wine Policy, 2024) [23, 24,
27, 13].
The wine grape market is an importantThe production of quality wine with Protected
element of the overall structure of the Designation of Origin (PDO) or Protected
functioning and development of the viticulture Geographical Indication (PGI) has been at the
and wine sector. The report of the Comitécore of the strategic positioning of EU wines
Européen des Entreprises Vins (CEEV, 2024pn the internatinal market, as geographical
[5] highlighted the complex mechanism of indications function as a mechanism for
interrelationships along the wine value chain,product differentiation, reputation building,
encompassing different economic sectdors and price premium generation (Agostino and
viti-viniculture  (agriculture), winemaking Trivieri, 2014; EU Wine Market Observatory,
(industry), and commercialization (services).2024) [1, 10]. The structure of wine
Wine grape production stands at thegginning  production in theEU in 2022 showed a
of the value chain and determines thedominant share of PDO winés75.6 million
possibilities for ensuring a stable supply ofhl, followed by PGl wine§g 33.9 million hl,
high-quality and differentiated products. For varietal winesi 10.6 million hl, and other
this reason, profitability in farms cultivating winesi 38.9 million hl (CEEV, 2024) [5].
wine grapevine varieties has been a key issudhe use of geographical indications has also
which over the yearshas shaped the served as a mecham for protecting
framework of financial support in the sector production in traditional wingrowing
under the Common Agricultural Policy regions within the Union (Martine&rndiz et
(CAP), given its significant socieconomic al.,, 2022; Todorova, 2025) [15, 28 the
importance for many rural areas in thecontext of ensuring a stable supply of wine
European Union (Pappalardo et al., 2012grapes with the required quality parameters
Pappal ardo et ad; High- 2fér PRGiand R&Ghvyingroduckidh,2European
countries with weldeveloped viticulture and
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wine sectors have relied to a large extent orAgricultural Census 2020. The information
vertical integration along the supply chain.has been grouped according to the intended
This type of organization has createduse of the produced wine grapedor wines
conditions for improved profitability of wine with Protected Designation of Origin (PDO),
grape produas, particularly for smaller for wines with Protected Geographical
farms, depending on vineyard size andindication (PGI), and for other wines (Wwout
economic scale (Montaigne and Coelho, 2012PDO and PGI)The following indicators have
Castriota, 2020; Corsi et al., 2023; Pacifico etbeen used: number of holdings; vineyards area
al., 2025) [20, 4, 6, 22]. within holdings (ha); and average physical
Viticulture in Bulgaria can be defined as asize of holdings (ha per farm).

highly competitive sectp due to the large From the demandide perspective of the wine
number of economic entities, with a grape market, the dynamics of processed
predominant share of smaltale farms quantities (tons) have been examined, both in
(Borisov et al., 2023) [2]. In the context of industrial and nofindustrial conditions, as
negative trends associated with the continuouwrell as the volume of wine produced (hl).
decline in harvested vineyard areas, as well aBroducer price dynamics (EUR/kg) have been
the decrease in graand wine production, the analyzed as a key determinant of farm
question has arisen regarding the position oprofitability in wine grape productiorgand a
wine grape producers within the overallcomparative analysis with neighbouring
organization of the wine supply chain andcountries, namely Greece and Romania, has
their bargaining powerln this regard, the been conducted.

analysis of the wine grape market providesThe study period was 20@2024. The
insight into the key relationships, methods of comparative, index and graphical
interdependencies, and challenges faced bgnalysis, descriptive statistics, analysis of
one of the crucial segments of the value chairvariance, correlatioranalysis and regression

T wine grape producers. analysis were appliedBoshnakoy 2009;
The aim of this study was to examine theGoev et al., 2019[3, 12] The estimation of
main characteristics of the Bulgarian wine producer price fluctuations was based on the
grape market, while identifying the values of the coefficient of variation (CV, %),
opportunities for maintaining the stability of calculated as the ratio between the standard

production. deviatin of the prices and the average price
for the studied period, using the following
MATERIALS AND METHODS formula:
B
This study focused on the role and position ofcy p —zpnmnm——zpmdé( 1)

wine grape production within the overall h

organization of the wine supply chain in W gre I
Bulgaria. A framework of interrelationstgp §D' standard dewathn‘ '
across the different segments of the chain hal- average producer price of wine grapes for

been developed based on induction andhe studied period.

deduction methods, literature review, andSources of primary data were Eurosiht],

interviews with vineyard and winery the Ministry of Agricultureand Food (MAF)

managers. [16, 17, 18, 19] the Agrostatistics

The main characteristics of the wine grapeP€partment, the National Statistical Institute

market have been analyzed from the(NSI)[29]. S

perspective of supply and demand. Trends inThe level of profitability in wine grape i
harvested vineyard areas (ha) and wine grap@roduction is an indicator of ¢h sect or 0s
production (tons) have been identifietihe attractlvgness and a partial measure of future
structure of farms cultivating wine grapevine €xpectations. For the purposes of the analysis,

varieties has been examined according to theflata from an experiment conducted in 2025
legal status, based on data frothe have been used. The experiment was carried
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out in an experimental vineyard planted with63.7%, mainly resulting from the decrease in
the red wine grapene variety Rubin and the harvested vineyard areas within farms. A
white wine grapevine Vvarieties Misket comparative analysis showetiat the total
kailashky and Muscat Ottonel, located at thearea of vineyards planted with wine grapevine
Experimental Base of the Institute of varieties decreased by 44,770 ha in 2024
Viticulture and Enology i Pleven. The compared to 2007, indicating limited
method of economic evaluation has beerentrepreneurial interest in the sectdrhe
applied, including the followinghdicators: dynamics of average yields showed a certain
- average vyield (kg/ha) - The average degree of stability, with thaverage level for
theoretical yield per unit area for the differentthe period 2013019 (5,840 kg/ha)
grapevine varieties was calculated based oexceeding that for 2002012 (4,701 kg/ha).
the average yield per vine in 2025, taking intoA large share of the depreciated and
account the vine density per unit area, i.einefficiently managed vineyard areas was
3,130 vines pehnectare; abandoned, but the data indicated the need for
- gross output (EUR/ha) The gross output investments in vineyard renewdhe problem
was determined by valuing the obtainedwas particularly pronounced under conditions
output at the average producer price, based oof climate change, as prolonged periods of
data from the National Statistical Institute drought and irregular precipitation negatively
(NSI) for the third quarter of 2025 (0.61 affected production stabilitylhe lower levels
EUR/kQ); of average yields from vineyards with wine

- production costs (EUR/ha} The total grapevine varietein 2023 (5,165 kg/ha), and
production costs, including material and laborespecially in 2024 (4,843 kg/ha), reflected the
costs, were calculated based on averageegative impact of high temperatures and
market prices and hourly wage rates for thesevere drought.The introduction of new
period under study. The standard labor andjrapevine varieties resistant to stress factors,
material costs were calculated based ota da as well as the use of varieties adapted to local
from the Institute of Viticulture and Enology conditions, represents one of the possible
I Pleven. Depreciation costs for the vineyardapproaches for improving the economic
were also included in the total direct performance of farms in terms of average
production costs (excluding costs related toyields, grape production, and wine output
organization, management, and other(Popescu, 2019) [25].

overhead activities);

- net income (EUR/@) i The indicatorwas 00 000 100,000
calculated as the difference between grosiy, J = -74380In() + 359103 350,000
output and direct production costs; 70,000 R2=0.7233 300,000
-prime cost (EUR/kg)i The indicatorwas  |60.000 250,000
calculated as the ratio between productiof; o 200,000
costs and average yield; 30,000 150,000
-profitability rate (%)i The indicatorwas  [20.000 100,000
calculated as the ratio between net income an***)’ io‘ooo
production costs.

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

RESULTS AND DISCUSSIONS Harvested area, ha
Wine grapes production, tons
Wine grapes productiomccounted for a major Fig. 1. Dynamics of vineyards with wine grapevine

i ; invarieties and wingrapes production during the period
share of total grape production in Bulgar|a2007_2024

(92.2% of tc_)tal_ output In 20_24)' The_long Source: Ministry of Agriculture and Food (2025),
term trend indicated a continuowtecline, inistry of Agriculture and Food (2025a) [18, 19].

with production amounting to 341,818 tons in
2007 and decreasing to 124,161 tons in 2024n addition tothe challenges associated with
(Figure 1).The reduction was substantinl climate change, wine grape and wine
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production in the country developed underproduction in total wine output has gradually
conditions of market changes driven byincreased, reaching 59.2% in 2024 (375,612
changes in the global wine market. Thehl), compared to 40.8% (259,038 hl) for red
observed persistent decline in globalwines (MAF, Agicultural Report, 2025[16].
consumption of red wines over the past fifteenlt is unfavorable that the overall trend in wine
years (OlV, 2023)[21] has raised concerns production in the country has indicated a
regardirg the sustainable functioning of the significant decline, which has been much
Bulgarian viticulture and wine sector. Red more pronounced in red winésby 63.7% in
wine grapevine varieties traditionally 2024 compared to 2007. The decrease in
dominate the varietal structure of vineyardswhite wine production over the same period
for wine grape production, which is has amounted to 40.0%. The negative
determined by the favorable soil and climaticdynamics in wine production have been
conditionsin the country, particularly in the directly associated with the decline in exports,
wine-growing regions of Southern Bulgaria while the reasons for the loss of market
(Roychev, 2012]J26]. In 2024, their share in positions in the international wine market
the total harvested vineyard area amounted tbave been complexnd have largely stemmed
60.4% (15,493 ha), compared to 39.6%from strong competition, wine quality,
(10,145 ha) for white wine grapevine product assortment, branding, and product
varieties. positioning ( Dimitrova and Dimitrov, 2025)
Vineyardsrepresen@a longterm asset with a [8].

long productive lifespan, which constitutes aWine market conditions determine the
limiting factor with regard to the adaptive interactions between grape producers and
capacity of viticultural holdings. At the same wine producers withegard to the supply and
time, wine producers have been required tgrocessing of wine grapes within the overall
respond adequately to marketolges in order framework of the wine supply chain (Figure
to limit potential losses of markets and market2).

niches. As a result, the share of white wine

— Export '—

_J HoReCa L_

Contracted work ﬁ

’ Retail trade
Crop protection Vine growing holdings Winemaking | h 4
‘—P enterprises il | Wholesaletrade
Fertilizers f _’I Consumer
* _.I Online sales 'ﬁ
Grapevine Wineries with their own | T A
. 2 Y

planting matechl e —}: Wine tourism

Other inputs 1 3 |

Ny Direct sales I—
[ |

Input suppliers ‘Wine grape production Wine production Wine sales

Fig. 2.Mapping the wine supply chain in Bulgaria
Source: Created by authors.

production activities. Official data showed
Grape productiorconstitutesthe initial stage that in 2020, a total of 13,869 holdings
of the wine supply chain. A large number of cultivating vineyards with wine grapevine
economic entities produced grapes withoutvarieties operated in the country (MAF, 2023)
possessing processing facilities. On the othefl7]. A significant differentiation in the
hand, most wineries have relied on theimow structure of viticultural holdings was
vineyard areas for the main part of theirobserved, both in terms of their legal status

212



Scientific Papers Seriedlanagement, Ecolomic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

and with regard to their size and specializatiorkey role in the production of raw material for
in wine grape production. Natural personsprocessing into PGl wes (7,914 ha) and
dominated the total number of economicPDO wines (1,483 ha), with a large proportion
entities, accounting for 93%, but the of them possessing established processing
managed a relatively small share of vineyardacilities. It is evident that these entities are
areasi 10,267 ha (32.5%) (Table 1). The primarily oriented towards the production of
majority of these producers cultivated grapesvines with higher added value. It should be
intended for processing into wines withoutnoted thatwithin the overall structure of
geographical indication, which indicated aviticultural holdings, vineyard areas intended
lower degree of specialization andarket for the production of grapes for PDO wines
orientation. (2,317 ha) and PGI wines (10,466 ha)
At the opposite end were commercialaccounted for 40.5% of the total vineyard area
companies, which managed the largest shareithin holdings, which partly explained the
of the total vineyard area planted with winedifficulties in maintaining stable market
grapevine varieties (51.9%). They played apositions of the wine sector.

Table 1. Number of holdings and areas of vineyards by legal status and direction of wine grapes pno@@0&tbn

Vineyards fowine grapes production
of which for wines with of which for wines with| of which for other wines
Legal status of the farn Total protected designation protected geographicg  (without PDO/PGI)
origin (PDO) indication (PGI)
Holdings Area Holdings Area Holdings Area Holdings Area
(number) (ha) (number) (ha) (number) (ha) (number) (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 [ 5 c 58 1,227
Companies 750 16,392 73 1,483 201 7,914 535 6,995
OCt'r‘]’grzssoc'a“O”S and 18 197 1 c 2 c 16 178

*c T confidential information
Source: Ministry of Agriculture and Food (2023Y].

Sole traders andooperatives accounted for a Significantly larger average vineyard sizes
significantly smaller share, both in terms ofwere observed in cooperativespmmercial
number and vineyard area. In both types otompanies, and sole traders, amounting to
organizational structures, the majority of 30.80 ha, 21.86 ha, and 20.00 ha, respectively.
vineyard areas were allocated to theWhen analyzedby production orientation, the
production of grapes for wines without highest degree of land consolidation was
geographical indidgons 1 1,227 ha (61.3%) observed in vineyard areas intended for the
in cooperatives and 1,521 ha (55.5%) in solgroduction of grapes for PGl wines,
trader holdings. amounting to 39.37 ha in commercial
Data on the average physical size of holdinggompanies and 36.00 ha in sole trader
confirmed the significant concentration of holdings, as well as for PDO wines,
vineyard areas in larger organizationalamounting to 20.32 ha in commercial
structures (Table 2). The average size otompanies and 19.44 ha in sole trader
vineyards planted with wine grapevine holdings. This suggested a tendency towards
varieties per holding was 2.28 ha, indicatingbetter integratio into the market for quality
the predominance of smaltale farms. wines among these types of organizational
Among natural persons, the average size wastructures. A proportion of sole traders
only 0.80 ha, clearly illustrating the small consisted of familyrun holdings that invested
scale nature of this group of wine grapein product differentiation (primarily in terms
producers. of grapevine varieties) and in the production
of high valueadded products as a means of
achieving economic viability.
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Table 2. Average area under vines (ha per holding)  Viticulture and Wine Sector in Bulgaria in the

*c 1 confidential information
Source: Ministry of Agriculture and Food (2023) and
own calculation$17].

arrangemerst According to official data from
the Executive Agency on Vine and Wine
(EAVW) [9], the number of registered

From the perspectives of market structure, jtVineries in 2025 amounted to 362, however,
can be concluded that the supply of winen© information was available regarding the
grapes in Bulgaria was characterized by aphann_els_ Qf raw material procurement. (_Slven
high degree of fragmentation, with g the significanty smaller number of wine
significant share of production being providedProducers compared to the number of
by a large number of smacale farms with vineyard holdings, it can be concluded that the
limited economic capacity and, consequentlyWine grape market was characterized Dby
weak bargaining power in the market. In thistelatively stronger bargaining power on the
context, Borisov et al. (2023p] identified side of buyers. This, in turn, determined their
commercial intermediaries as a key link Substantial infilence on market conditions and
facilitating the relationship between grapePrice formation in the wine grape market.
producers and processing enterpsisen A limitation to conducting an kdepth
recent years, however, a trend towards gmpirical analysis was the lack of detailed
declining role of intermediary structures hasinNformation on the quantities of wine grapes
been observed. This process has been drivétfrchased by wineries. This deficiency of

both by the significant reduction in the Statistical data hindered the precise
number of vineyard holdings managed byassessment of the volume and structure of raw

natural persons largely as a result ofmaerial trade, as well as the degree of market

unfavorable demographic processes in rurafoncentration in the buying grapes segment.
areas and by changes in market conditions iNevertheless, the assessment of product flow
the wine sector. Under conditions of strongM© vV € ment s al ong the
competition in the wine market, a number ofProductioipr ocessingo chai
small and mediussized wineries have Main characteristics of the market situation t

increasingly relied on product differentit be outlined.. . .

and diversification of their product range, The dynamics of wine grapes production and
which has required better control over theProcessing over the period 20@024
quality and origin of raw materials (Dimitrov outlined significant transformations,
and Dimitrova, 20257]. This has often been partlcglarly with regard to the scale of the raw
achieved through direct contracting of wine material base, which may have affected the
grape supplies between proews and functlo.nlng of the wine grapenarket. The
wineries, which has gradually reduced thednalysis of the ratio between produced
importance of intermediaries. guantities and their subsequent processing
Another important structural characteristic of Provided some insight into market structure
the wine grape market is the number ancfhd the interaction between producers and
concentration of buyers. Data presented in th@rocessors. During the period 20012, the

accompanying d 0 c u me RYerage cagnual produciion of @i LgEapes

214

(0]

for wines | for wines : p

with with for other Period 20162020, 6 attached t
Legal status| .~ | protected| protected wines ANStrategy for t he Devel
of the farm designatio| geographical (without - . : :

nof origin | indication | Pporpayy|  Viticulture and Wine Sector in Bulgaria for

(PDO) (PGI) the Period 2022 027, 06 di scussed
1ol 2.28 | 520 2559 1.43 showed that as of 31 August 2021, a total of
atural 080 | 095 6.00 0.72 : - :
persons : : : - 327 wne producers were registered in the
i‘;”aders 20.00 | 19.44 36.00 13.58 country. Of these, 138 operated their own
operatives | 980 c c 21.16 vineyard holdings, 125 maintained contractual
g,Of_TI‘panies 2186 | 20.32 iR c AN relationships or were affiliated with grape
VI .
associations | 10.94 o* c 11.13 producers, an_d 65 purch_ased raw materials
and others annually without prior contractual
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amounted to 272,018 tons, with 13.3%. This dynamic could be interpreted as
approximately 66.4% of the produced outputan indicator of a gradual strengthening of
being directed towards industrial processingvertical integration, as well as the increasing
(Table 3). Processing under nmmlustrial role of organized channels for the marketing
conditions accounted for a relatively of raw materials.

significant sharé 19.6%, while 14.0% of the During the sixyear period from 2019 to 2024,
raw material was used for the production ofwine grape production continued to decline,
other products. The relatively high share ofwith the impact of climate change becoming
nonrindustrial processing could be interpretedincreasingly evident. The average quantity of
as an indicator of weaker integration of aproduced output for the period under review
segment of wine grape producers into theamounted to 54.1%f the average level for
market supply chain. 20074 2012. At the same time, a more
During the sub®quent period 2012018, the pronounced decline was observed in
average quantity of produced raw materialindustrially vinified grapes, which decreased
decreased by 23.9%, while the decline inby 34.5% compared to the average level for
guantities  processed under industrialthe previous skyear period. In contrast,
conditions was relatively modekt4.1%. The processing under nendustial conditions
share of industrial processing in total wineincreased by 14.2%, while its share of total
grape productiorreached 83.8%, while the wine grape production reached an average of
share of noandustrial processing declined to 21.4%.

Table 3.Dynamics of wine grapes production, processed quantities and wine produced during the perRiiP2007

Produced wine Industrial Norrindustrial Produced winé Produced wine | Total produced
Years/Periods grapes vinification vinification industrial I norrindustrial wine
(tons) (tons) (tons) (h1) (hl) (h1)

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
Sverage 2007 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
Sverage 2013 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
Qg;;age 2019 147,234 113,588 31,477 751,357 146,655 898,011
201318/2007
12 %) 76.1 95.9 51.7 98.1 61.5 92.7
201924/2013
18 (%) 71.2 65.5 114.2 63.4 113.3 68.3
201924/2007
12 %) 54.1 62.8 59.1 62.2 69.7 63.3

Source: Ministry of Agriculture and Food (20@825)and own calculationf 6].

The data indicated a deterioration in marketifficulties in selling of red wines, affected the
conditions for wine grape producers in termsdemand for raw materials antkd to a

of demand and producer price levels. Changesontraction in production in wineries, which,
in the wine market, and in particular thein turn, resulted in an increase in wine
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production under noeimdustrial conditions. and imported quantities between 500 and
On the other hand, the decline in wine grapel,200 tons.

production may have led to increasedAccording to the results of the descriptive
competition among wine producerdor  statistics (Table 4), the average levels of
securing raw materials, which in certain yearsproducer prices for wine grapes were lowest
could have improved market conditions forin Bulgaria, ranging between 0.24 EUR/kg
vineyard owners. Nevertheless, due to theand 0.39 EUR/kg, with a mean value of 0.31
fragmented nature of production and theEUR/kg. In Romania, the price range was
limited market coordination among producers,wider i between 0.24 EUR/kg and 0.48
the bargaining power of grape grower EUR/kg, with an average value of 0.35
remained relatively weak. EUR/kg, while in Greece the highest price
Producer price levels represented anothelevels were observeidbetween 0.27 EUR/kg
important characteristic of the wine grapeand 0.57 EUR/kg, with an average level of
market. The data presented in Figure 30.43 EUR/Kg.

illustrated the movement of price levels over

the period 200i72024. Table4 . ¢nalysis of the wvariatio
wine graps duringthe period 200-2024

0.60 Indicator n| R | Pmin | Pmax ”— SD ((0:/2;

0.50 Producerprice
(Bulgaria), |18|0.15| 0.24 | 0.39 | 0.31 | 0.036 |11.8

0.40 EUR/kg

Producerpriceg

0.30 (Romania), |18|0.24| 0.24 | 0.48 | 0.35 | 0.062 |17.8

0.20 EURKg
Producerprice
0.10 (Greece), 18(0.30| 0.27 | 0.57 | 0.43 | 0.074 |17.1
' EURkg
0.00 Source own calculations wittMS Excel
SN0 OO A N MWL OMN~NWOWOOO N M . . . . . .
8888800088 000988888 R T range of variance, Pminminimum price Pmaxi
AN AN AN AN AN ANNNNNNNNNNNNN

maximum price.
Bulgaria e=@==Greece e=@==Romania

The values of the coefficient of variation

Fig. 3. Dynamics of producearices during the period

2007:2024, EUR/Kg indicated a low degree dfuctuation in all

Source: Eurostat, three countries, with the lowest price
https://ec.europa.eu/eurostat/databrowser/view/apri_apvariability observed in Bulgaria (11.8%). The
_Crpouta/default/table?lang=]. price dynamics in the country showed that

prices were formed under a stronger influence
of the processing sector and under more
limited market competitin 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 observed dynamics showed that until
2019, Bulgarian prices remained relatively
stable, within the range of 0.24 EUR/Kkg to
0.32 EUR/kg. After 2020, an upward trend in
price levels emerged, driven by inflationary
processes, rising fuel prices, and incregsi

input COSts, which led to higher production The results of the correlation analysis
costs in farms.

. . . _examining the relationship between producer
The dynamics of producer prices for wine g P P

. . ! ri n h nti f win r
grapes in Bulgaria, Romania, and Greecez ce and the quantity of wine grapes

h 4 similar fluctuati it dri roduced indicated the presence of a
showed  simiiar tuctuation patterns, rIVenmoderately strong negative relationship

both by changes in raw material productlon(.l.able 5). An increase in wine grape

and b_y the specific chateristics Of. market production was associated with a tendency for
conditions. A very small share of wine grapes

duced in th ¢ biect tproducer prices to decline, which was
produced in he —country was SUBJeCt 10.q,qjstant with theclassical principles of
international trade, with exported quantities

. . market equilibrium between supply and
typically ranging between 130 and 180 tonS’demand. '?’he relatively high vaIlE)eIO yof the
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correlation coefficient (r 50.594) indicated production was the assessment of profitability
that production volume was an importantfrom production activities, determined based
factor in the formation of producer prices. on the average producer price. The results of
the economic evaluation were obtained from a
Table5. Correlationbetween the quantity of production -55e study involving the cultivation of

and the level of producer price vineyard plantation of the red wine grapevine

. thousand tons Proglé;cﬁ;k%”ce' variety Rubin and the white winergpevine
(F;{]%‘I‘J‘;‘;'%”mns) ! varieties Muscat Ottonel and Misket
Producer price]  -0.59426 1 kailashky. The main technological operations
(BGNkg) vine pruning and harvesting were performed

Source own calculations withMS Excel. manually. The data presented in Table 8

The presence of an inverse relationshipSOWwed low levels of net income (ranging

between the two variables was also confirmed®€tween 370 EUR/ha and 1,130 EUR/ha),
by the results of the conducted linear"eskectively low profitability rates across all

regression analysis (r = 0.594) (Table 7). thrge levels of average yield determined by
varietal characteristics between 9.3% and

Table 6. Assessment of the adequacy of the linear27.3%.
regression model

gzumarz‘; df '\S";"j‘;‘re F Sig. Table 8. Economic results of wine grape production
Regression| 0.0078 1 0.0078 | 8.735 | 0.0093 from the wine grapevine .varletles Rubin, Muscat
Residual | 0.0142 16 0.0009 Ottonel and Miskekailashky in 2025
Total 0.0220 17 Indicators Rubin variety | Muscat Mi;ket
Source own calculations wittMS Excel. Ottonel kailashky
Average 7105 7806 8634
. Lo yield, kg/ha
The regression model was statistically]  Gross 4334 4761 5267
significant (sig = 02309 3 < 0. 05 = U)
indicating that thendependent variable wine | Production 3964 4058 4137
grape production had statistically significant E‘ﬁ’;}f"a
effect on the formation of producer prices, Netincome, 370 703 1130
although it did not fully explain their | _EURMa
. Prime cost, 0.56 0.52 0.48
dynamics (Table 6). EUR/kg
Profitability 93 17.3 273
Table7. Values of measures of dependence rate, % i _
R R Square Adjusted R | Std. Error of Source own calculations based on data from a field
Square the Estimate experiment.
0.594 0.353 0.313 0.029
N o t e :indépdngenvariableis production thousand . s . .
tons pend P 0 Under these price conditions, it was likely that

Source own calculations wittMS Excel. many wine grape producers, particularly
smallscale farms, were under strong pressure

The value of the coefficient of determination to maintainlow production costs, which in
(R?2 = 0.353) indicated that approximately SOme cases led to a deterioration in both the
35.3% of thevariation in producer prices quantitative and qualitative parameters of the

could be explained by changes in productiorobtained output. For the sake of analytical
volume. This implied that, although accuracy, it should be noted that these data

production was a significant factor in price referred to the official statistical inforation
formation, a substantial part of price on the average national price level for the
fluctuations was determined by otherperiod July September, when the harvest of
economic and market facgrsuch as demand the three varieties was carried out under the
from wine producers, harvest quality, climatic conditions of the Pleven region, located in
conditions, and overall market conditions in Northern Bulgaria.

the wine sector. Price levels often varied across different
An important aspect in the context of leng regions ofthe country depending on supply
term negative trends in grape and winevolumes, the ripening period of grapes, and
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demand from wineries. A specific feature of production was processed in cooperative
the Bulgarian grape market in recent years hawineries, in Francé& 37%, in Spaini 60%,
been the stronger demand for grapes fronand in Germany 33%. Despite the proven
white wine grapevine varieties, which hasadvantages of the cooperative model in
deternined their higher producer prices. In countries with weldeveloped viticulture and
particular, in 2025, unfavorable climatic wine sectors, this type of vertical integration
condition® sharp weather fluctuations during had limited application in Bulgaria. The
the spring months, including a critical cold reasons could be explained by a combination
spell between 7 and 10 April, and prolongedof historical, institutional, and economic
periods of drought (EAVW, 2026)[9] factors. The characteristics of the wine grape
negaively affected harvest volumes, which market in the country clearly defined the
led to a more pronounced increase in produceunfavorable position of grape growevghich
prices. In Northern Bulgaria, at the beginningrequired the identification of an appropriate
of the harvesting campaign, producer pricesand effective model, adapted to national
for white wine grapes reached up to 1.00specificities, to improve the overall
EUR/kg. Unfortunately, official statisté did functioning of the wine supply chain.

not provide information on the differentiation

of producer prices according to varietal CONCLUSIONS

characteristics.  Nevertheless, the data

presented in Table 8 demonstrated theéThe results of the conducted analysis
stronger position of wineries in determining indicated a longerm downward tred in wine
price conditions, which for a propasti of grape production in Bulgaria, leading to a
grape producers were unfavorable and led teontraction of the raw material base and
an increase in the quantity of grapes processetteating significant challenges for the
under norndustrial conditions, as well as to sustainable development of the sector. This
the withdrawal from economic activity. The dynamic was driven both by the reduction in
obtained results were consistent with theharvested vineyard areas and bg tmpact of
findings of Kirechev (2024[14], according to climate change and changes in the market
which net income without subsidies in farmsenvironment.

specialized in grape production during theThe structure of production was characterized
period 20072022 was highly variable and by a high degree of fragmentation and a
even negative in certain years. According todominant share of smadlcale farms, which
the author, farm performance was stronglylimited their market power and their ability to

dependent on the lelof public support. negotiatefavorable price conditions. At the
According to Castriota (202(%], producers same time, larger organizational structures,
who chose to sell grapes as raw material hagrimarily commercial companies,

to accept lower remuneration. The same studgoncentrated a significant share of vineyard
indicated that smalicale producers were areas and were more strongly oriented
highly dependent on wineries. Vertical towards the production of higher valadded
integration of gape producers along the value wines (PDO and @l).

chain represented an opportunity to improverhe analysis of the supply chain showed that
their market position and farm profitability. vertical integration between grape producers
Corsi et al. (2023]6] noted that this was a and wine producers remained limited. Due to
preferred option among producers of qualitythe smaller number of wineries compared to
wines, as it allowed for greater control overvineyard holdings, a stronger bargaining
both the individual stages of wine grapeposition was formed on the sidd buyers,
production and the subsequent stages oivhich exerted a significant influence on
winemaking. The authors emphasized thanarket conditions and price levels.

significant share of cooperatives in leadingindustrial processing remained the main
European wingroducing countries, noting channel for the utilization of wine grapes,
that in Italy approximately half of total grape however, in recent years, a relative increase in
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quantities processed under Aodustrial [3]Boshnakov, V., 2009 Statistical methods in the
conditions was observed. This was associatefimpirical researchEducational and methodical guide.

; e ; : : Locality, BG: Avangard Prima, 164 pp.
with difficulties in selling grapes and a [4]Castriota, S., 2020Wine Economics.Locality,

weakening of demand from wine producers incampridge, Massachusetts: MIT Press.
the context of changes in the wine market.  https:/direct.mit.edu/books/aaonograph/4975/Wine
Producer price levels in Bulgaria were lowerEconomics Accessed on February 11,28
compared to those in neighbgagircountries. [5]Comité Européen des Entreprises Vins (CEEV),

. . o . 2024, Economic, social and environmental importance
The dynamics of prices indicated reIa‘tlvelyof the wine sector in the EU. Report March 2024.

low variability, influenced by the stronger gxecutive Summary,
bargaining power of buyers. Annual https:/www.ceev.eu/medias/5983/Mas2624Report
fluctuations in production volumes explained PwGEconomiesociatandenvironmentaimportance
35.3% of the variation in price levels, while a of-thewine-sectorin-the EU-compressed.pdf

Accessed on February 17, 2026.
number of other factors as exerted [6]Corsi, A., Mazzarino, S., Frontuto, V., 2023,

influence, including demand from wine paking wine, selling grapes, or delivering to a
producers, harvest quality, and overall marketooperative? Determinants of grape allocatitmurnal
conditions in the wine sector. of Wine _Economics, 18,  1538.
The relatively low levels of profitability in the https://www.cambridge.org/core/journals/jouriod

. ine-economics/article/makingine-selling-grapesor-
sector placed wine grape producers undeﬁ/elivering,to—accooperativedeterminante.)f-grape

pressure to reduce production costdemfat  ajiocation/A4C9B704DAABCAD2B38D370DOF12DF
the expense of both the quantity and quality ofcF, Accessed on March 4, 2026.
output. [7]Dimitrov, V., Dimitrova, D., 2025, Production and

Maintaining a stable production of high market orientation of wineries in the Northwest and

. . . . . North Central Bulgaria. Journal of Mountain
quality wine grapes required improvements in griculture on the Balkans,28 (6), 474500

contractual relationships, the development Ohttps://jmabonline.com/en/article/CkeqMQ7KGsuisyvc
vertical integration, and the implementation of8SGq Accessed on March 4, 2026.

appropriate  fiancial and institutional [8]Dimitrova, D., Dimitroy, V., 2025, Market
measures tailored to the specific challengesfacing the development of the Bulgarian

. L . viticulture and wine sector. Journal of Mountain
characteristics of the national sector. Agriculture on the Balkans 28 (6), 534563
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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 204824. Information concerning the two types of grapes is searched from the
built relational database. The mber 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 usesifthical cluster analysis for the indicated data. The results
show thatthe pace of growtlin the price per ton of the dessert grapes is significantly fast@0132021 The

increase in the indicator is 25.47%r the first of the examined ye&0.64% for the second and 16.31fér the

third, respectively. Moreovethe growth pace of the mentioned indicatsirelatively sloweffor this product in the

time segment 2022024.During 2019compared to 2018, the price per ton of wine grapes decrease®bp A

similar case is observed @021,where the decline is abo8t07%But, the values of the researched indicator for

the mentioned product increase in the time segment-2022, as well as in 2020.Grouping the years with relation

to the values of thexamined indicator (price per ton) led to the formation of three clusterdefesert grapemd

two clusters for wine graped.his 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 database. The quoted database contains the
following tables:
In modern society, it is particularly - Continent[d_1, namg
importantfor both managers and farmers to Country(d_2,country, Id_1);
make adequate and timely decisios 18] - Elementsid_3,elementid_2);
regarding the successful management aneValues(d, years, prices (BGN), unit, 1d).3
functioning of the respective busindg4, 1]  The Continent table is related to the
Information technologies provide powerful CountrytableTheElements table is related to
tools [20, 3] for processingof data from the Valuestabl@heCountry table is related to
various fields [17, 2, 22] According to the ElementstableThe createdrelationships
Hol l oway and and Me n beenveen ¢hdistefl tabjles drel df gypeeortea r e
many approaches to analyzing time seriesnanylnformation concerning two of the
d at a dhe ptudy ofSevillaet al. [L6] notes  productgdessert grapes and wine
al s o Dtehta the iritreasing use of datagrapejstored in the database is the subject of
analytics, information visualization is getting research in this work.
more and more importaint [ Bénje.of It should be pointed out #t one of the
these issueare considered in this study. activities, that is of great importance [15, 9]
The data related to pricgser ton of some for some countries is wine production [15,
agricultural products are extracted from thel4]. Miteva and Kanche{2017) [10] indicate
website of the National Statistical Institutet h at Afnthe existing forn
(NSlhof Bulgaria[11], [12]. The information wine production and trade have a direct
about the indicated objects is presented in xIsxmpact on the developemt of the rural areas
files. The examined elements from these fles n whi ch t hey Imaddtion oc at
are organized and saved into a built relationathe price variation [4] of grapes is to some
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extent also related to the purchasing power ofypes of grapes, the following variables must
individual consumers. be calculated:

The aim of this article is to preseran _ 1

approach for determining and d&mng the Now = pq+1*100?' 100

price dynamics of dessert grapes and wine i

grapesin Bulgaria for the time interval from where N, - percentage change in the price

2018 to 2024. per tonof dessert grapes for the current year
towards the previous year,

MATERIALS AND METHODS P,.. @ndp, -price per tonof dessert grapes for
g+landqg year 1< < 6;

Approach descriptionThe presented database 1

contains information concerning forty-one - j,,; =W,,, *100— - 100

agricultural productt should bepointed out Wy

here that the Elements table contains thevhere j ,, - percentage change in the price

names of the respectiveproducts. The nher ton ofwine grapes for theresentyear
Country table includes the nametbé studied {o\ards theprecedingyear

country, and the Values table stores th_e price,, ., andw, -price per torof wine grapes for
per ton of each produatver the examined  * K

sevenyear period This work studies and d*1landgyeas

analyzes theprice perton of two of the - Thedifference F,

mentioned productsin this case, these are Fya = Pg - Pqo

dessert grapes and wine grageg.[l). _Thedifference Z..,
q+:

D2+ comry - ID1 = 2y = Wyyg = W5
- 1 Bulgaria 1 1
Id 3 - Element - | - Bq =100 Pg-—- 100
- . W,
+ 40 wine grapes q
- 41 dessert grapes where B, - percentage change in the price per

Id - yems - picesBGN - Unit -+ o1 of dessert grape®wards the wine grapes

n fgﬁ Zg‘;g?: for a given yearl< < <.

3 2020 839621t This work also uses hierarchical cluster
Fig. 1 Information about the two examined products @nalysis 13], [19], [8]. As a result, the
organized in database tables grouping p] of the examinedyearsdepending
Source: Data frolSI[11, 12] on the values of the considered indicator

(price per ton) for each of the products

The information for the thiSterbjeCtS is (dessert grapes and wine grapes)is shown.
searched from the four tables of the database.

Users can track the individual values of theResULTS AND DISCUSSIONS
researched indicator (price per ton) for dessert

grapesduringthe indicated inten20182024  The presented comparative analysis shows
(Fig. ). In a similar way,the data for the other that the price per ton of the first product
examined object - wine grapes can be (dessert grapeskontinuously increases in
visualized from the related tables Country, each year of the time Segment_ The situation
Elements and Valudsurthermore, users can for the secondagricultural product (wine
also use different querieS. As a result, th%rapes) is different.In two years of tberiod
values of the indicator (price pesn) for the (2019 and 2021), a decline in the indicator
two studied grape types are visualized for a/ajues is observed, as can be seen from the
selected year of the time segment. diagrampresented in Fig. 2.Summarizing the

In order to determine and analyze theresylts related to the variablal two

dynamics of the studied indicator for the two i

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 deceased by 8.32%.The case is similar in
2021. Here, theace of growthin the price 2021, but here the decline in the indicator is
per ton of the studied product dessert grapes sbout 3.07%.For the other years from the time
significantly faster(Fig. 3). In the first of the segment, the values df,, are positive. The
listed years, the increase in the indicator isprice per ton of the second product (wine
25.47%, for the seconﬁ0.64% and for the grapes) increased by 19.48% in 2020
third 16.31% respectively. The second compared to 2019.In addition, an increase in
subinterval contains the next three years 2022 stydied indicator is also observed over the
2024. In the indicated segment, tgeowth  |gtthreeyears of the examined time period.It
pace is relatively slower.The calculations ;g 3 7704 in 2022, 0.12% in 2023, and 6.02%
show that the price per ton of dessert grapeg, 2024, as shown in Fig. 3.Analyzing the

goes up by 5.49%, .B9% and 8.23%, gptained values of the variable,, for dessert
respectively for each of thksted years.The . _
grapes, it is found that in the last three years

second surveyed variable j_,, has negative ,
_ a of the time segment they are much lower than
values in 2019 and 2021. Therefofer the  ihese valuein the other stdied years.

first of the mentionedyears 2019, compared
to 2018, the price per ton of wine grapes

30.00%
25.00%

20.00%
15.00%
10.00%
o l [ i ;
0.00% = —_— ! !
2019 2020 2021 2022 2023 2024

-5.00% -

-10.00%
vears

[ dessert grapes Hwine grapes

Fig. 3. The obtained results about the examined variddigsand ], relatedto the examined products
Source: Own calculations on the basis of data fsn[11, 12].

The mentioned values vary in the range frombe pointed outthat the variablez_,, for the

approximately 144 BGN to 53 BGM. should

g+l
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otherexaminedproduct (wine grapes) has the 2020,the calculations show that the price per
highest value in 2020. It is around 106 BGN.ton of dessert grapes is 27.66% &&192%
The lowest value was calculateduring higher, respectively, than the price per ton of
2019The present work calculates thewine grapeShe period 2022024 is
percentage changds() in the price per ton of characterized by much higher values of the

dessert grapesowardshe wine grapesfor studied indicator for dessert grages. each
each year of the considered time intervalOf the four listed years, the price per ton of
Only in 2018 the indicator value for dessertd€SSert grapes is over S4%giter than that for
grapes is 6.72% lower than that farine wine grapes, as can be seen from Fig.4.

grapeOver the next two years, 2019 and

70.00%
60.00% 34.69%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%
’
-10.00%

60.07%

27.66% 28.52%

2019 2020 2021 2022 2023 2024

years

Fig. 4. Percentage change of the investigated varigjie the time period2012024
Source:Own calculations on the basis of data frei®l [11, 12].

reignt This study also uses hierarchical cluster
0 200 400 600 800 analysis for thementioned data related to
s | ‘ these two considered produ@souping 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
2023 areincluded in one cluster. Herthe values of
the examined indicator are the lowest
throughout the considered interval:
2z - 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 202te presented in
s0o1 : one cluster. This time segment is
characterized by the highest values of the
} considered indicator for dessert grapes.
2022 Grouping of years based on the values of the
mentioned indicator (price per ton) of the
other examined product (wine grapes) is
valuesfor dessert grapes . . .
Source:Own calculations on the basis of data friN@l presented in the dendrogram in Fig. 6. As a

[11, 12]. result of data processing, the following two
clusters are formed:

Fig. 5. Grouping the years depending on itidicator
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- A separate cluster is formed by the yearsach of the products (dessert grapes and wine

2023 and 2024;
- The next cluster contains two sub clusters
The first of them includes 2020 as well as

grapes)s presentd.
The performed comparative analysis shows
that the price per ton of the first studied

2022.Subsequently, the year 2021 also joinproduct (dessert grapes) continuously rises in
to it. The second sub cluster includes twothe studied time interval, while a decline in
consecutive years, in this case 2018 and 201%he indicator values for the second product

Here, the values of the examined indicator forfwine grapes)

wine grapes are relatively lower.

Height

0
L

2023 —‘
2024 J

50 100
1 L

150
L

200 250
1 L

2021

2020

2022

2018
2019 j

Fig. 6. Grouping the years depending on thdicator
valuesfowine grapes

Source: Own calculations on the basis of data f6in
[11, 12].

CONCLUSIONS

is observed fowd non
consecutive yeard.he pace of growtln the
price per ton of the dessert grapes
significantly fasterin the interval 2012021
The increase in the indicator is 25.4786 the
first of the listed year20.64% for the second
and 16.31%for the thil, respectively. In
additionthe growth pace of the mentioned
indicatoris relatively slowerfor this product

in the time period 2022024. During 2019,
compared to 2018, the price per ton of wine
grapes decreased by 8.3286similar case is
observed in @21, 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 2022024 as well as
2020.

As a result of the performed hierarchical
cluster analysis of the data concerning the t
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 okine grapegormed two
clusters.

This approach could also be used when

is

The current paper presents an approach foudying data in areas such as finance,
determining and analyzing the price dynamics2griculture, ecology, etc.

of dessert grapes and wine grape8ulgaria
for the time period20182024. Information
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Abstract

Agricul tural policies have an i mportant role in incr
and theoverall 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, investmentintives, 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 amatplblicies contribute to increasing

wheat production vyields, 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 sapport
restrict the potential for increasing wheat productivity. The effects of agricultural policies on the sustainability of
production and the stability of farmersod6 incomes are
an integratedagricultural 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 major challenges facing agulture today.
Nitrogen is an absolute requirement for plant
Studying how different climatic factors growth, and crop yields and quality depend on
interact and influence wheat production issubstantial nitrogen inputs.
essential when making decisions on how taChemical nitrogen fertilizers were first used in
adapt to the effects of climate changeagriculture in the 19th century. Today, more
(Godfray et al., 2010) [11]. Strategies adoptecthan half of chemicallfixed nitrogen is used
to improve cereal crop productivity must bein agriculture, representing over 80 Mt per
correlated with the type of crop used. In thisyear, worldwide (Hawkesford, 2014) [14].
sense, a change in temperature implies th¥arious wheat varieties are being studied for
adoption of a different strategy than a changeheir resistance to drought, high temperatures,
in precipitation (Asseng et al., 2015) [3]. The and diseases.
behaviour of the wheat crop underProduction technologies are being imped,
temperature is particularly importanfor  which allows for high wheat yields. As
assessing the impact of climate change oproductivity per unit of cultivated area
wheat production, because the greatesihcreases, wheat production increases
uncertainty in the simulated impact on yield( GNsi or ows ki , 2004) [ 10
comes from increasing temperatures (Assen@ses various material and energy inputs,
et al., 2013) [2]. Cereals are important stapléncluding fertilizers and fuel (Vinci et al.,
foods globally, directly contribirig over 50% 202) [22]. The large number of
of total human calorie intake (Erenstein et al.agrochemicals and fuels associated with
2022; Hawkesford, 2014; Senapati et al.global wheat production has had serious
2022) [8, 14, 20]. Cereal production mustenvironmental implications since the
continue to grow as demand increases, anthdustrial Revolution and, more recently, the
both improved yields and sustainability areGreen Revolution (Acevedo et al., 2018;
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Kheiralipour et al., 202) [1, 15]. Changing The aim of the study is tanalyze the impact
climatic  conditions, such as rising of agricultural policies on increasing wheat
temperatures and fluctuations in the amounproductivity emphasizing on: subsidies,
and distribution of precipitation, as well as financial support schemes, png policies,
unpredictable events such as war, are makingmvestment incentives, and environmental
it increasingly difficult to meet the growing regulations.

demand for wheat_pbell et al. 2011; Dadrasi

et al. 2023) [16, 5]. MATERIALS AND METHODS

Durum wheat can also be grown in searnd

environments due to its very good adaptationThe study adopts a mixed approach,
to adverse weather conditions, such as higlntegrating the bibliometric analysis of the
temperature and drought (Grodseilmann et scientific literature from 201&025 on the
al. 2024) [13]. In warmer, d&r regions, such relationship between agriculturpblicies and
as the Mediterranean basin, it is grown as avheat productivity with a descriptive
winter wheat, while in northern regions, statistical analysis of the main aggoonomic
characterized by cold and long winters,indicators for the year 2024, at the European
sowing is usually carried out in spring andlevel and in the Souikast Region of
harvesting in early autumn. (Sieber et al.,Romania. The bibliometric data were
2014) [21]. The increasein average extracted from international databag@¥eb
temperature in recent decades has alreadyf Science) [23], based on relevant keywords
generated adverse effects on wheat yieldéagricultural policies, wheat productivity), and
worldwide (De Vita & Taranto, 2019) [6] and were processed using the specialized software
is expected to intensify in the coming years.VOSviewer. The empirical component used
The frequency and intensity of extreme heapfficial data provided by Eurostat [9] and the
waves, heavy rainfall, eamjical and National Institute of ftistics [17]. The
agricultural droughts in some regions will analysis included descriptive indicators and
increase, according to the Intergovernmentathematic cartographic representations to
Panel on Climate Change (IPCC), highlight the spatial distribution of areas and
significantly reducing agricultural production production, as well as assessing the
(D6Odorico et al ., 2 coelagopship befveen the level of erodsichivile t i m
the world population is expesd to grow in the size of holdigs and the political
the coming decades, which will lead toeconomic framework, highlighting the
increased demand for food and pressure oinfluence of support and regulatory
agricultural production (Goicoechea et al.,mechanisms on the performance of the cereal
2016; Rulli et al., 2013) [1, 18]. sector.

Durum wheat ranks tenth among the most

cultivated cereals in the world in terms of RESULTS AND DISCUSSIONS

production (Brocanello et al., 2023) [4]. The

annual global production of durum wheatThe bibliometric analysis performed in
ranges between 35 and 40 million tonnes (D&/OSviewer based on 458 articles indexed in
Vita and Taranto, 2019; Xynias et al., 2020)Web of Science (201@025) highlights a
[6, 24]. representing approximately 7% ofthematic structure strongly concentrated
total wheat production (Brocanello etl., around the concepts: climate change, food
2023) [4], a percentage that is continuouslysecurity, wheat and irrigation, which form the
decreasing, because of climate changecore of the network. The results indicate that
Currently, Canada is the main producer ofresearch on the relationship between
durum wheat, cultivating an annual total of agicultural policies and wheat productivity is
5.2 million tonnes, closely followed by Italy dominated by the perspective of climate
and Turkey, with a production oftand 3.7 change adaptation, with an emphasis on water
million tonnes, respectively (Xynias et al., use efficiency, water deficit management and
2020; Sabella et al., 2020) [23, 19].
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climate resilience, especially in regions suchregion continues to be the primary laboratory

as South Asia, China and Indiadére 1). for agricultural policy analysis on wheat
productivity. The overlay view shows a
oSl thematic evolutiorfrom initial concerns about
climate impact and crop yield to more recent
N faqn madfBrization themes such as climate resilience, energy
R ;Z;?f.’:l‘:;’iiil“ efficie_ncy, competitivengss and technology
et e o 0 i B adoption, reflecting the field's maturation and
e orientation towards applied solutions (Figure
ecosystermEenices CTOP yield technology adoption
climate change 2).
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Fig. 1. Keyword ceoccurrence network on the aguwxwm

relationship between agricultural policies and wheat

"ngus vmhm!gre 5i0
rhyu, <a1d<owdalun

>t rcp@ano'\d ficit Iffig ati
productivity (20162025). ¢ e . #’@‘: c‘“*
Source Web of Science database [23] generated with TG Zmpﬁwm et -
VOSviewer. ot h‘:uh - . self-sufficency competive

. e . . . L"“\/USviewer mmon sewesmﬂbn mmm“} gyl“ E
The sustainability dimension is reflected g ratn
throughthemes such as carbon sequestratior N ——

soil conservation practices and eCOSyStenl‘—Wg 2. Overlay visualization of the temporal evolution
services. Overall, the literature from the of keywords in the literature on agricultural policies

period under review reveals an increasinglyand wheat productivity (2012025).

pronounced integration between agr|cu|tura|80urce Web of Science database [23] generated with
policies, productive performance and climateV©OSviewer

sustainability objectives (Figure 1).

Three main axes are observed: climate axi
(climate change water scarcity- irrigation -
crop yield - food security), economic axis
(land consolidation -  productivity -
competitiveness 1 profitability) and
sustainability axis (carbon sequestratien
conservation tillage- ecosystem services

his is a density visualization magpeated in

OSviewer based on the 458 articles indexed
in the Web of Science (2018025). In this
type of representation, the color indicates the
density and frequency of occurrence of
keywords: yellow = high intensity (dominant
themes), green = medium egbhnce, blue =

agricultural sustainability) (Figure 1). low/peripheral relevanceThe density map

This is the overlay visualization map made inChO n .Tf | dr ms .,t E N cen tr a it
VOSviewer based on articles from the Web ofSangéfood securiywh e at o axits,
Science (201/2025), where the color strong geographical focus on China and South

indicates the average year of appearance (ﬁs'a while themes such as biodiversity,
the keywords (blue = older, yellow = more carbon sequestration and soilalte remain

recent). The network confirms that (:Iimaterelat'vely p_erlpr_]eral, indicating emerging
change, food security and wheat remain th esearch directions. Overall, the results
central concepts of the field, but the overlay ighlight ~ the  progressive  integration of

highlights a clear thematic dynamic recent cI.imate,. ecpnomic and _sustainability
years (20282025). dimensions in the analysis of wheat

Terms such as China, India, South Asid productivity in the context of contemporary
remain constant, indicating that the ASIanagnculturaI policies (Figure 3).
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@5 VOSviewer
0

Fig. 3. Density visualization of the main research topics
in the field of agricultural policies and wheat
productivity (20162025).

Source Web of Science database [23] generated with
VOSviewer.

The map i”USt'jate? theegional d_iStri_bUtion of Mmap 1 Production of common wheat and spelt
wheat production in Europe, highlighted by aexpressed in tons, at European level, 2024.

chromatic scale from light orange (low Source Eurostat database [3lenerated with Tableau.
production) to dark orange (high production). _

A concentration of high production is Atthe opposite pole, Vrancea has the smallest
observed in the regions of the westand soutre r ea (26, 361 ha), while
west of the contient, especially in France and and Tulcea courgs present intermediate,

Spain, but also in certain areas of Central angelatively  close  values (approximately
Eastern Europe, including Romania and69,00081,000 ha). The distribution shows

Poland. In contrast, the northern regionsthe predominance of wheat cultivation in the
(Scandinavia) and some mountainous omlain areas and confirms the strategic role of
colder climate areas show lower values, whicithe SouthEast region in the cereal production
suggests thénfluence of climatic conditions, of Romana (Map 2).

soil fertility and available agricultural areas on )
the level of production. The distribution thus ...
reflects the agralimatic and economic - ! v
differences between European regions (May | o o e
Map 1 highlights the areas cultivatedth .« 7 0
wheat in the counties of the SoiFast \

Region of Romania in 2024, expressed in
hectares, through a chromatic scale from ligh': =/
green (lower values) to dark green (higher. .
values). e ol B
A significant difference is observed between™, = o
the count i esa recovding hthe C oo o s 1
largest cultivated area (166,293 ha), which =~

reflects the high agricultural potential of = | ol L0
Dobrogea and the important share of cerea’ . . \‘h> h h o of
r in this area. Map 2. Areas cultivated with wheat in the counties o
crops S area the SouthEast Region of Romania, in 2024, expressed
in [ha].

Source NIS database [17], generated with Tableau.
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The SoutkEastern Region of Romania less favourable pedoclimatic conditions, land
(SouthEast Region) highlights in 2024 fragmentation or rainfall varality. Overall,
significant differences in wheat productiont he sout heast ofiBrntthiel a)e
bet ween counti es, w i tohcenttates thet hagimeStievel€al producvity i n
first place (836,503 t), followed at a greatper hectare, outlining a higbherformance

di stance by Br i | a @Gagrigutturaycorg watlitnGhe ie@dn (Map)4). a n d

G a | Gottity (298,719 t). An average level is

observed in Buztu Co ! nd
Vrancea County (85,950 t), while Tulcea - ' ,

County records the lowest production (36,95¢ ‘ ‘ \ \, X, Moldova

t).
Ron
Rom ¢
Map 4.Average Whéat production in the counties of the
SouthEast Region of Romania, in 2024, expressed in
[kg/ha].
Source NIS database [17], generated with Tableau.
Map 3 Wheat production in the counties of the Seuth N 2024, average farm gate prices for wheat in
East Region of Romania, in 2, expressed in [t]. Romania  vary = moderately  between

Source NIS database [17], generated with Tableau.  development regions, ranging between 0.85
and 0.94 lei/kg. Thehighest valuesare
The distribution reflects the pedoclimatic recorded in the SoutBast Region (0.94
advantages and the extensive agriculturalei/kg), followed by the SoutMuntenia
areas in the plain and plateau area, especialiRegion and the Center Region (approx. 0.92
in Constan™a and Br Hei/kh)awhich wmbyedflect bdthahe dighrleved | e
conditions and intensive exploitation supportof production and the easy access to markets
high yields, compared to counties with moreand infrastructuréport or processing).
fragmented relief or smaller cultivated areasan intermediate level appears in the Nerth
(Map 3). East Region (0.91 lei/kg), while the lowest
In the SouthEast Region, the average wheatprices are in the NortiiVest Region and the
productivity in 2024 highlights clear contrasts West Region (0.85 lei/kg), respectively in the
between counties:€€n st an "Ha C o uSpiithwest Gténia Rébidn (0.86 lei/kg).
the highest value (5,030 kg/ha), followed byOverall, regonal differences are relatively
Brtila County (4, 41S8malk gugdegting aa reldtivelyG inledratdd
County (3,694 kg/ha), which confirms the national market, with variations mainly
efficiency of land exploitation in the plain determined by logistics costs, proximity to
areas with fertile soils and higierformance exports and local demand dynamics (Map 5).
agricultural tebnologies. The integrated analysis of total production,
At the opposite pol eyjeld Bér héctare @edu fariny gaté Jricds9 9
kg/ha), Vrancea County (1,402 kg/ha) andhighlights significant territorial disparities in
especially Tulcea County (1,236 kg/ha) Romania, with a concentration of agricultural
present lower yields, possibly influenced byperformance in the SoutBast Region.
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N 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

Map 5. Average farm gate prices of wheat, byThe research is strongly dominated by the
development regions, in Romania, in 2024, egped climate change perspective. Agricultural

in [lei/kg].

Source NIS database [17], generated with Tableau. policies are predominantly analysed through

their impact on productivity, water use

It is noted that Viduino ir vakaru Lietuvos €fficiency, climate resilience. There is a clear
records the highest production, of integration between economic approaches
approximately 4 million tonnes, clearly (quantitative models) and sustainability
exceeding the other regions. The following@Pproaches. Emerging regions in the analysis
positions are occupietly Castilla y Leon, are South Asia and China. There is a focus on
CentreVal de Loire and Picardy, each with land consolidation and energy efficiency
values ranging between approximately 3 andPolicies. _

3.3 million tonnes, which highlights the The density map confirms that the
important role of these regions in the totaif@ g r i ¢ ul t U whebt prpdudt v ic ¥y o
wheat production of the EU (Fig. 4). domain is dom!nated by the c_Ilmate change
The SudMuntenia region isalso among the @and food security paradigm, with a focus on

regions with high production, with almost 2.8 Water management and crop yield. The
million tonnes. economic and sustainability components are

well represented, but topics such as

4500000 biodiversity, climate resilience and carbon

—. 4000000 sequestration still appear
= 2888888 on the periphery of the network, indicating
S :

2500000 p_oten_tlal future research  development
T 2000000 directions.

5 1500000 Overall, the two cartographic representations
g 1&(3)88888 highlight the concentration of production and
§ 0 areas cultivated with wheat in plain regions

with high pedoclimatic potential, both at
European level and in the SotHast Region

. L. P 2 & &
%@x\’c}\\\lq}& 1@”@ ;;@%i@@@ < of Romania, while also underlining the
‘&@& d’@/ < &Q@o@' & determining role of agricultural policies
© Q@«»‘* & ~ through financial support mechanisms,
& EU regions subsidies and regulations within the Common

Agricultural Policy - in stimulating and
Fig. 4. Wheat production for the top 10 EU regions, inmaintaining the competitiveness of the cereal
2024, expressed in [t]. sector.

Source Eurostat database [9], generated with Excel. The overlay visualization shows a clear

Th f th . i th Kinacls evolution of research, from analysing the
e rest of the regions In the rankingelsias impact of climate change on wheat

éatlvija, SChampagn%\rdenned BquePasde @roductivity to integrated approaches that
aiais, evgrozapa en 3“ : nttany,l recog ombire climate resilience, energy efficiency,
more  moderate  productions, located.,nnetitiveness and  sustainability  of
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agricultural systems. The field is thus pp.4766.

becoming more oriented towards app|ied[9]Eurostat Database, 202kurostat online database.

. . : . _https://ec.europa.eu/eurostat/web/main/data/database
public policies and economic performance N, .cccodon 5 February 2026,

an uncertain climate context. [ 10] GNs ik (Ed.)y 2004, Wheat. Chemistry

The correlation betweemhigh volumes and and Technology; PWRiL: Pozna
superior productivity reflects not only [11]Godfray, H. C. J., Beddington, J. R, Crute, |. R. et
pedoclimatic advantages, but also the impac?'-* 2010, Food security: The challenge of feeding 9

. L . : billion people.Science3275967), 812818.
of agricultural policiesi through financial [12]Goicoechea, N. Bettoni M. M. Fuertes

support  mechanisms, investments  iNyiendizabal, T., Gonzaledurua, C., Aranjuelo, I.,
technology and market measuréson the 2016, Durum wheat quality traits affected by
intensification and efficiency oproduction. —mycorrhizal inoculation, ~water availability and
At the same time, moderate price Variationsatmospherlc CO2 concentratiorCrop & Pasture

e S . Science67(2), 147155.
indicate the functioning of a relatively [13]GrosseHeilmann, M., Cristiano, E., Deidda, R.,

integrated  market, _ influenced by  the viola, F., 2024,Durum wheat productivity today and
framework of national and European tomorrow: A review of influencing factors and climate
agricultural policies. Overall, the results change effects. Resources, Environment and

highlight the strategic role of public Sustainabilityl7,100170.
gnilg . 9 P [14]Hawkesford, M. J., 2014, Recing the reliance on

'nterven_tl_on In strengthening the nitrogen fertilizer for wheat productionlournal of
competitiveness of the cereal sector. cereal scienc&Y(3), 276283.

[15]Kheiralipour, K., Branddo, M., Holka, M.,
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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 carbamarkets 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 identifgiffeeences 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 indicatbrdMRV technology, certification standards, access
costs, and payment model, as well as identifying operational mechanisms capable of increasing farmers net income.
The study tests the hypothesistthemote 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 levest solution with better performance than
solutions based on physical samples and field visits.

Key words carbon farming, carbon markets, digital MRV, economic sustainability

INTRODUCTION the prevention of leakage, and rigorous
measurement (Schneider, 2009) [30].
European agriculture is at théeart of Additionality refers to the fact that the carbon
decarbonization efforts, and carbon creditsequestration or emission redootwould not
initiatives  create incentives for adopting have occurred in the absence of the project
sustainable practices. Agricultural soils can(Nabuurs et al., 2022) [25]. The lack of a
store significant amounts of carbon, but theirwell-founded framework creates a risk of
actual  contribution depends on theovercrediting, and numerous analyses of
implementation of reliable systam for forestry projects have highlighted problems
assessing, reporting, and selling credits. related to the static estinman of baselines
Most European regulations are still beingand the crediting of multiple hypothetical
developed, and farmers face uncertaintysequestrations (Badgley et al., 2023) [3].
regarding the security of their loans and thein agriculture, assessment methods must
market in which they are sold (Paustian et al.consider soil variability, changes in
2019) [28].Given that theEuropean Union is management practices, and the dynamics of
aiming for climate neutrality by 2050, carbon organic carbon (Lal, 2020) [22The adoption
farming mechanisms can contribute both toof these practices at the farm level in Romania
reducing emissions and to generatingdepends directly on economic feasibility and
additional income for farmers (Europeanincentive policies, factors that have recently
Commission, 2022) [13]The quality of a b e en shown t o be esser
credit depends on compliance itriteria  profitability.
such as additionality, the establishment ofViethodologies recognized by international
baselines, the permanence of sequestratiogtandads establish approaches based on direct
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measurements (soil samples) or modelgCoffield et al.,, 2022) [11]. Furthermore,
(biogeochemical simulation models) to agricultural carbon markets are fragmented,
estimate carbon stocks (Lindsey & Bird, and farmers in Eastern Europe do not benefit
2019) [23]. The Gold Standard protocol forfrom clear eligibility rules or financial
soil organic carbon (Gold Standard, 2021)compensation commensurate with their
[16] and the \rra VMO0042 methodology investment efforts (Paustian et al., 2019;
(Verra, 2023) [35] require dynamic base Stefan et al., 2025) [28, 34].

models adjusted annually, with corrections forBetween 2020 and 2025, the structure of
uncertainty and risk. voluntary carbon markets (VCMs) underwent
The Intergovernmental Panel on Climatea significant structural transformation,
Change (IPCC) recommends a tieredcharacterized by a ghfrom a model focused
approach: Tier 1 uses generic emissiorprimarily on quantitative expansion to one
factors; Ter 2 uses regienpecific factors; based on strict compliance and integrity
Tier 3 involves detailled modelling and requirements. This reconfiguration was
measurements. The correct application ofdriven by a loss of credibility resulting from
these tiers is essential for obtaining legitimatethe exposure of methodological limitations in
credits (IPCC, 2019) [18]. certain existig standards, which necessitated
Credits are reported through monitoring,the internalization of the actual costs
reporting, and verifiddon (MRV) systems, associated with  scientific  verification
which include data collection, report processes.

preparation, and verification by independentin 2023 - 2024, there were big changes in
third parties (Lindsey & Bird, 2019) [23]. The prices and many market participants became
ISO 140642:2019 and ISO 1406&:2019 hesitant, but 2025 shows the start of a
standards provide guidelines on the reportingstabilization process, helped by the new Core
and verification of emssion reduction Carbon Principles (CCP) created by the
projects.The GHG Protocol Project Guidance Integrity Council for the Voluntary Carbon
(WRI, 2005) [37] and the recent SBTi Market (ICVCM). In this context, agriculture
initiative (SBTi, 2024) [31] emphasize the which sits at the intersection of being a source
necessity of transparent reporting to prevenpf emissions and having the potential to
double counting of reductions. The use ofsequester and store carbon in soil (SOC) has
digital registries (e.g.Verra, Gold Standard) emerged as the primary testing ground for the
ensures the traceability of certificates andnew standards. These principles have forced
reduces the risk of fraud (Carbone 4, 2022)urrent standards, such as Verra and the Gold
[7]. Standard, to revise their methodologies,
In Europe, carbon credits are not part of thephasing out outdated versions aimaposing
mandatory EU ETS system, but initiatives strict labelling that distinguishes emissions
such as the Carbon Removal Certificationreductions from actual sequestration (Climate
Framework (®RCF) propose voluntary Focus, 2025) [8].

mechanisms for certifying soil sequestrationThe transition to carbeneutral agriculture
and for integrating these credits into climategoes beyond stricty ~ environmental
policies (European Commission, 2022) [13]. considerations, representing a key pillar for
The literature reveals numerous gaps. Firstthe longterm economic growth and
existing methodologies are primarily tailored development of rural areagStefan, 2012)

to forestry projects; their application in [33]. At the European Union level, the overall
agriculture requires adjustments to account foperformance and competitiveness of the
crop rotations, the incorporation of crop agricultural sector are directly dependent on
residues, and soil management (Lindsey & ar mer s abil ity to
Bird, 2019) [23]. On the other hand, currentsustainable dotions (Coca et al., 2023) [10].
MRV systems are costly, and digital Adopting these begiractice models requires
technolgies and satellite data have not yetaccelerated digitization of agricultural audit
been widely integrated into reporting schemesand management processes. However, the
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implementation of digital systems and and 2024 which were subsequently compared
decisionsupport tools at the farm level with commercial offers from soil science and
remains cortsained by specific structural environmental consulting service providers in
barriers, such as operating costs and factorRomania.

limiting technology adoptiorfBodescuet al., The gaps were assessed using a benchmarking
2023) [5]. matrix that incorporated four key performance
In this context, the aim of this research is toindicators. The analysis focubseon MRV
identify the structural differences between thetechnology to determine the degree of
voluntary carbon market iRomania and that automation through satellite imagery versus
of the European Union, with a view to physical sampling, as well as on the
optimizing national mechanisms. certification standard used, distinguishing
The scientific approach has two objectives:between international accreditations such as
(1) to assess technological gaps byVerra or Gold Standard and domestic
benchmarking three European referencestandards.

platforms against local initiatives based onln addition, the cost structure was evaluated to
four  performance indicators (MRV identify barriers to entry, specifically the
technology, certification standards, accesslifference between fixed costs, issuance and
costs, and payment model) and (2) to identifytrading fees, and the payment model, while
operational mechanisms capable of increasingnalyzing the speed of cash flow to farmers.

farmersd net i ncome. To ground the economianalysis in actual
agronomic data, the study incorporated a
MATERIALS AND METHODS model of carbon sequestration potential at the

farm level. The database included a
The study employs a mixedethods representative sample of 13,693 hectares. The
approach, structured around two lines ofar eas analyzed are cul't
analysis. In the first phase, three platformsmain arable crops, amely wheat, corn,
representative of the European market wergunflowers, and rapeseed.
selected and analyzed: Agreena (Denmark)B a s e d on t hese dat aset
Soil Capital (Belgium/United Kingdom), and indicators were determined: average carbon
eAgronan (Estonia). The main selection input (kg C/ha), humified carbon (kg/ha), and
criterion was their regional relevance inc ar bon di oxi de equi val e
Central and Eastern Europe (Bera, 2024) [4]was converted to carbon dioxide equivele
The necessary technical data was extractedfy CO e) using the standar
analyzing official white papers and MRV 3.67.
methodology reports published between 2023

Table 1. Coefficients applied in estimating carbon fluxes according to crop type and tillage system

Coefficients Tillage system Crop
Wheat Maize Sunflower Rapeseed

CT 0.3 0.2 0.95 0.95
RET MT 0.45 0.3 0.95 0.95
NT 0.6 0.4 0.95 0.95

CT 0.2 0.2 0.2 0.2
h MT 0.28 0.28 0.28 0.28
NT 0.34 0.34 0.34 0.34
CT 0.03 0.03 0.03 0.03
RD 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 theratio (RPR), the roeto-aboveground
use of a set of creppecific coefficients biomass ratio (R:S), the carbon fraction
derived from the literature: the straergrain  (Cfrac), retained residue fraction (RET),
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humification coefficient (h), and In terms of innovation, Agreena focuses its
rhizodeposition (RD). efforts on scalality, using satellite imagery
These coefficients were taken from the tableio monitor agricultural practicéssuch as
presented by Ispas (2026) [20], which in turnidentifying bare soil or detecting plowiég

is firmly grounded in the IPCC guidelines without the need for costly esite visits to
(IPCC, 2019; IPCC, 2006) [18, 19] and recenteach plot.

studies and reviewi2l, 6, 9, 27, 14, 29, 17]. Soil Capital was the first platform to launch a
The average values used are presented icertified carbon farming program 2020,
Table 1. adopting an approach strongly focused on
In Table 1, the following abbreviations werea gr o n o my and on suppor
used for the three tillage systems: GT technical transition.

conventional tillage, MT- minimum tillage, From a methodological standpoint, the

and NT- no tillage. platform is based on the Cool Farm Tool
(CFT), an internationally recognized carbon
RESULTS AND DISCUSSIONS footprint calculator, suppleemted by an

annual audit conducted in accordance with the
In Europe, numerous initiatives are promotinglSO 14064 standard by TUV Rheinland (Soil
the voluntary market. Companies such as SoiCapital, 2024) [32].
Capital in Belgium and Regen Network areSoil Capital provides farmers with a
using blockchain technology to track cartbonguar anteed mini mum price
credits. The Spanish platform Nori and theper ton, safeguarding them against adverse
German platform Carbo Farm are digitig market fluctiations. The business model is
MRYV procedures, making it easier for farmersprimarily defined by value€hain integration,
to connect with buyers. In addition, pilot as a substantial share of the credits is sold to
projects supported by the French Ministry ofcompanies within the food chain that
Agriculture are testing the integration of collaborate with the farmers.
credits into payments for ecosystem serviceIhe platform distinguishes itself through its
(OECD, 2023) [26]. In Romania,such robust focus on gronomic consulting,
programs are still in their early stages, withregarding carbon as a byproduct of healthy
some cooperatives exploring partnerships witrsoil rather than a primary objective.
technology firms to access voluntary markets.eAgronom operates mainly in Central and
Agreena has established itself as one of th&astern Europe, including Poland, the Baltic
leaders in the European carbon farmingstates, and Romania, integrating farm
market, managing a portfolmf over 2 million = management software with a fgtatn focused
hectares across 17 countries (Agreena, 202%n the carbon market.
[2]. Methodologically, the company uses theThe company employs a hybrid financing
Verra VM0042  standard  (Improved model, collaborating with prominent banks
Agricultural Land Management), recognizedlike Swedbank to provide farmers with
as one of the most robust globally. Thisadvantageous credit terms for their
involves a combination of emissi® participation in the carbon program.
modelling and verification via remote sensing. Sustainability is directly icorporated into the
Agreena's business model is designed so thdrm's financial risk profile (Global
farmers retain ownership of the certificatesAginvesting, 2024) [15].
generated. From a technological perspective, eAgronom
The company charges an issuance and tradirgmploys blockchain technology to guarantee
fee of approximately 15% and, optionally, athe traceability of loans and offers farmers
sales commissionwhen it acts as an prefinancing mechanisms  aimed  at
intermediary in the transaction. It also offersaddressig the initial costs of transitién
an near |l y payout o meostshtfaanpose asubstantial pbstachke fordsmall
farmers with liquidity prior to the official and mediurrsized farms in the region
issuance of the loans (Agreena, 2025) [2].  (eAgronom, 2024) [12].
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The key difference lies in the Monitoring, before the transaction is recorded in a third
Reporting, and Verification (MRV) process. party registry that prevents the credits from
European platforms incorpate SentineR  being double counted. The farmer then begins
satellite data and artificial intelligence the new practicethe company initiates the
algorithms to remotely validate agricultural agreedupon payment program for the farmer,
practices (Agreena, 2023) [1]. and the company sells the verified number of
This automation enables the simultaneousredits to individual or corporate consumers.
monitoring of millions of hectares at minimal Because estimation procedures are not
expense to the farmer. perfectly accurate, there remains a degree of
The most pecise method to ascertain uncertainty regarding the exact amount of
variations in soil carbon content on a specificcarbon sequestered in the registered field.
parcel of land is to obtain physical samplesTo calculate carbon sequestration, physical
and quantify the carbon content prior to andsamples must be collected from various
after alterations in management practicesdepths. For arable land, samples must be
Nevertheless, this is exceedingly expensivetaken at 20, 40, 60, and 100 cm, and for-non
In return, the farmer provides the intermediaryarable landsamples must be taken at 10, 20,
firm with information on soil conditions and 50, and 100 cm, since the highest
management practices. The firm uses thigoncentration of carbon in the soil is found in
information, along with specialized computer the top 15 centimeters of the subsoil.

models, to estimate the additional amount ofAs shown in Figure 1, the global price of
carbon that would be sequesteredravgiven carbon credits in 2025 varies from continent
period. to continent ad from country to country.
Generally, these carbon sequestration

estimates are then verified by a third party

70—
65

61.17
60—

- 49.55
50+ °

40

30.43
304 27.82

Price (€ / carbon eredit)

25.44

10.43
104

R,

o,
",
Ay iy

Fig. 1. The global price of carbon in 2025
Source: adapted from the World BdB3i]

In  Romania, a consultative approachphysical validation of carbon stocks.
dominates the ecosystem, necessitatinfRomanian farmers are required to hire
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accredited soil laboratories to collect soil"freemium” model, where the platform
samples, a complex and costly logisticalcharges only a listing and trading fee (e.g.,
process (Popescu A., 2023) [29]. 15% at Agreena), Romanian farmers bear the
The cost of this manual validation is the mainfull initial investment risk (Bera, 2024) [4].
economic bargr. Our study shows that Another issue iderfied is the lack of
recurring physical assessments (requirednternational standardization. Western
every 35 years) incur a cost of approximately platforms have quickly adopted the Verra
10i 15 euros per hectare, which must be paidstandard (VCS), which ensures the liquidity
in advance regardless of whether the carbowf credits on the global voluntary market. In
certificate is sold or not. Romania, the use of domestic standards
This cost structure reducqwofitability for  makes the certificates difult to sell.

small farms in Romania. Unlike the European

Table 2. Assessment of soil carbon sequestration for major agricultural crops

Crops Al Qm? Cin® hc* CO°%e

(ha) (kg/ha) (kg C/ha) (kg C/ha) (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:!A - cultivated aregZQm average yield per hectaf€Ini average carbon inpdhC1 humified carbon.
5C O 7T average carbon dioxide sequestration potential.

Evaluating the efficacy of trading platforms 2,193.20 kg/ha (Table 2). This analyzed

necessitates comprehension of the prospectiverganic  input generates an average
volume of carbon sequestered at thesequestration potent.i
agricultural level. An analysis of agronomic per hectare (Figure 2).
data covering an area of 13,693 hectares
reveals an average soil carbon input of
Average: 1.61
Rapeseed . 2.24

I
I
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Fig. 2. Average sequestration potential (tons&Ziin)
Source: Own source.
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The highest potential sequestration valuefRomania. The European platforms analyzed
were recorded for rapeseed, at 2.24 tons dfave adopted the digital MRV model, which
CO e/ ha. Thi s i s f o Is|basederd satdllite imagery farld oavtifecial s ,
indicating a high potential for both fall and intelligence. This automation enables the
spring crops to generate biomass. Howeveremote validation of agricultural practices,
voluntary markets monetize only the significantly reducing marginal costs for
additional sequestration generated througharmers (Agreena, 2025) [2].

conservation practices, limiting the number ofin  Romania, a consultative approach
eligible  credits.Thus, the monitoring dominates the ecosystemnecessitating
technology selected directly influences thephysical validation of carbon stocks. Farmers
economic viability of the transition to carbon are required to hire soil laboratories to collect
farming. A comparative analysis of operating soil samples. This logistical procedure incurs
mechanisms reveals a profound technologicah fixed cost of 1015 EUR/ha, payable in
asymmetry between the mature markets ohdvance, constituting the primary economic
Western Europe and the emerging market irobstacle to méet 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
. Cool Farm Tool+ Soil | Hybrid ( Software + . .
MRV Technology Satellite + Al Analysis Satelite) Manual / Soil Analysis
The Standard Verra (VM0042) ISO 14064 / Intern Verra (VM0042) Intern / ISO
Cost type Issuance and trading fee§ Annual subscription Subscription + Fee Fee
Total cost 15120% of the carbon| G 2 8 8 fi xed| 15120% of the carbon 1015 G/ ha
credit value 03.50/ ha pe1 credivalue
Payment Annual Annual At the sale of carbor] At the sale of carbor

credits credits

Source: Own source.

An analysis of the operational modelsof payment. European farmers benefit from a
demonstrates the direct impact on cash flowzerorisk system, while Romanian farmers

(Table 3). The European digital model bear the full initial investment risk.

converts fixed costs into variable operationalAnother weakness identified is the lack of
costs, deducted in the form of an issuance anhternational  standardization for local

transaction fee charged exclusively attinee  projects.

160 —
14596 €
130.77 €
= Average: 111.05 €
- B 0909000 R U PP
=
=
E 8716 €
< 80.29 €
=
g
=
g
=
T T
o - A b=
Rapeseed Sunflower Wheat Maize (Corn)
Agricultural Crop
Fig. 3. Economic potential for farmers by crops (U0/ he

Source: Own source.
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Abstract

The agricultural sector inlfov 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 nripport needs of farmers from perban areas. The research is

based on senstructured interviews conducted at the level of 44 farms in 9 localities in IIfov County. The dataset
includes information on farm location, type of production, agricultural areaed, farm size category, market
integration, access to advisory services, training programmes, public subsidies, financial support instruments and
perceived price constraints. Using a descriptdsve an
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 anedesistence farms mainly require
financial support, market accesand 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 lifov County.

Key words farmers, suport needs, peturban agriculture, farm typology, llfov County

INTRODUCTION level and influences the type of support
required by farmers.
Agriculture in  periurban areas presents The complex agricultural framework of Ilifov
specific challenges, such as increasingCounty, located in the immediate vicinity of
pressure from urban expansion [2], difficultiesBucharest, makes it a relevant case study for
in  market integration [1] [11], and analyzing these dynamics. The coexistence of
environmental constraints [12[ [13]. Farmssmall farms, semsubsistence holdings and
located near large urban centers combinéarge commercial farms creates a diverse
opportunities related to market proximity with production landscape that generatesediit
challenges such as land fragmentation, highetypes of constraints and development
input costs and the need to adapt to rapidlyppportunities. Despite its proximity to an
changing demand structures [8]. important urban market, farms in the county
In Romania, perurban agricultural areas play face difficulties related to market access,
an important role in ensuring the food supplyaccess to financial resources, participation in
of nearby cities [10]. However, these areas daraining activities and compliaac with
not display a uniform development patterniegislative requirements.
and still lack modern organizational forms for Previous research has emphasized that access
product valorisation, such as cooperatives oto information, financial resources and
producer associations [9]. The structure ofinstitutional support strongly influences the
farms is highly heterogenequsanging from development of the agricultural sector [5]
small subsistence and sesuibsistence farms [14]. Small and mediursized farms often
to large commercial holdings [7]. This encoungr difficulties in accessing markets
diversity generates different needs at the farnand investment resources, while larger farms
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require  specialized advisory services,Data were collected through sestructured
management support and clearer regulatorynterviews with farm owners or managers.
frameworks [4] [6] [3]. Understanding these The questionnaire included information on
differentiated needs is essential for improvingfarm characteristics (type of production,
the functioning of agricultural systems, utilised agricultural area, size category),
especially in perurban areas where access to markets, participation training
competition for land and resources is moreprogrammes, access to subsidies and financial
intense. In this context, the present study aimsstruments, as well as perceived constraints
to assess the main support needs of farmend support needs.

operating in the pewirban areas of llifov The analysis follows a descriptive and
County. The research seeks to identifyexploratory approach. Farms were grouped
differences in needs according to farm sizeaccording to territorial location (north vs.
and territorial location. By wusing an south ofthe county) and size categories. The
exploratory approach based on faewel results are presented using percentage
data, the paper aims to provide a clearedistributions and comparative analysis across
understanding of the structural constraints andarm typologies. This approach allows the
supprt priorites of farms in this identification of differentiated support needs
heterogeneous agricultural environment. and structural disparities within the perban
The results contribute to a better agricultural system.

understanding of the diversity of support

needs among farms operating in patan RESULTS AND DISCUSSIONS

areas and highlight the importance of

considering farm size anterritorial context The  results  highlight the  structural
when analyzing agricultural developmentheterogeneity of farms in lifov County and the

challenges. differentiated support needs expressed by
farmers. The analysis is structured according
MATERIALS AND METHODS to territorial location, farm ge and categories

of needs to better understand the main
The research is based on a field studyconstraints faced by farms in the study area.
conducted in 2025 on 44 farms located in nindFarm  characteristics and territorial
rural localities in Ilfov County (1 Decembrie, differences
ML gur el e, GD turi tuHt i N u CciA&d, uspatiaiHi djstribution of agricultural
Moara VItsiei, Co p t c productioa mighligigs &troctuitdlt differen¢ef i g .
1). The farms interviewed present abetween the northern and southern parts of
heterogeneous structure in terms of sizellfov County. Farms located in the southern
production profiles and degree of marketarea are predominantly specialised in crop
integration. production (especially vegetables), vehiin

the northern aredoth crop farms and mixed

1 Decembric; farms (80.8%) and mixed farms (cattle

Branesti; 9.1 6.8

Magurele; 6.8 breeding and beekeeping) (19.2%) (Fig. 2).
This indicates a higher level of diversification
Gruiu; 9.1 in the northern localities, while in the southern
Copaceni; 250 area we find a clear aguttural

specialization.
Differences also appear in the distribution of
. e 182 farm sizes. Farms located in the northern part
measaea,-\ v of the county are predominantly very large

o mg//ﬂ’afamﬁ (57.7%), while subsistence farms account for
19.2% (Fig. 3).

Fig.1.Distribution of farms by villages (%)
Source: own prcessing.
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Mixed - 19.2

0 20 40 60 80 100 120

Fig. 2. Type of farm production by locatiq#b)
Source: own processing.

South

North

Over 50 ha (very large) Bl 11.1
20-50 ha (large) W 16.7
Under 1 ha (semi-subsistence) I 72.2
Total I 100
Over 50 ha (very large) I s7.7
20-50 ha (large) m 7.7
1-5 ha (subsistence) M 15.4
Under 1 ha (semi-subsistence) I 19.2

Sud

Nord

0 50 100 150

Fig. 3. Distribution on the farms by size and locatiu)
Source: own processing.

Farms with sizes between 20 andib@ c t a rMais support areas

account for only 7.7%. In contrast, the Across the entire sample, the most frequently
southern area is dominated by semi mentioned support area is that of advisory
subsistence farms (72.2%), while very largeand consultancy services (36.),%ollowed
farms account for only 11.1%. Mediusized by access to markets (22.4%) and financial
farms (2050 ha) account for 16.7%. These support and subsidies (22.4%).

findings reveal a dual agricultural structure atFigure 4 shows a less frequent mention of
the county level, with large commercial farms legislative support (12.2%) and managerial
concentrated in the north and small farmssupport (6.1%).

predominantly in the south.

Farm management - 6.1

Financial support and subsidies

Legislative framework _ 12.2

00 50 100 15.0 200 250 300 350 400
Fig. 4.Main support areaislentified by farmg%)
Source: own processing.

The territorial analysis presented in Table llifov County. Farms located in the south

highlights significant differences between themainly request support related to subsidies
communes located in the north and south o&ind financial instruments (31.8%), access to
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markets (27.3%), legislative aspects (22.7%)f advisory and consultancy services (63%),
and managerial support (13.6%). In contrastfollowed by market access (18.5%) and
farms in the north emphasise the orjance financial support (14.8%) (Table 1).

Table 1. Main support areas by territorial location (%)

. . Moara North South

Gruiu | Nuci | Af um VI Esi Brtn Total Oldec| Copbtc DEr i ML gur Total
Legistlative 125 37 60.0 77 333 227
framework
Advisory services 50.0 | 375 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 o5 | 550 | 143 148 | 200 | 462 31.8
and subsidies
Farm management 100.0 66.7 13.6

Source: own processing

The analysis by farm size (Table 2) highlightsreponses. Subsistence farms particularly
important differences in the type of supportidentify the need for specialist advice (75%).
needed. Sensubsistence farms mainly Large farms mention that they mainly need
require financial support and support forsupport for farm management (60%), as well
facilitating market access, these two areass specialist advice for developing economic
account for approximately 73% of the activities (40%).

Table 2.Main support areas by farm si¢#)

Under 1 ha 20-50 ha Over 50 ha
(semi 1-5 ha (big) (very big)
subsistence) (subsistence)
Legistlative framework 13.6 16.7
Advisory services 13.6 75.0 40.0 55.6
Marketaccess 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 onfable 3.Main categories of needs (%)

technical advice (55.6%), also mentioning the___ %
need for improvements in the legislative| Znancial support for farm developmeni 7.7
framework and financial support Training and education 36.5

: 0 p_p ; Market access 19.2
(approximately  33%). Overall, specialist | Financial support (likeubsidiey 9.6
advice services and facilitating market acces{ Minimis support scheme 15.4
are the areas of support most frequently| Professional farm management 11.6
requested across all farm categories. Source: own processing.

These results suggest that smaller farms are

more dependent on financial support andThe territorial analysis presented in Table 4

market integration measures, while Iargeragain highlights clear differences between the

farms require specialised advice and guidanc@°rthern and southern areas.
on field regulations. Farms in the northern part of llfov County

Categories of needs consider training and education to be the most

.- . j 4.8%), followed by financial
Across the sample, training and education ardnPortant need (5 ’
the most important category of needs (36.5%)support (16.1%) and market access (12.9%).

T In the southern area, farmers mainly express
followed by facilitating access to markets A
(19.2%), minimis  support (15.4%), the need for minimis support sane (38.1%),
professional farm management (11.6%) andCllowed by ~market —access —(28.6%),

financial support for development (9.6%) profes_sional management  (14.3%)  and
(Table 3). 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 locat{é)

Gruiu | Nuci | Af um \'\;I?ai_as i Br tn l'\ll'ggl] Oldec| Copt g DEr i Mbgur ?_gl:;r
Financial support fon 25.0 | 10.0 6.5 25.0 7.7 9.5
farm development
Training and| 50.0 | 30.0 55.6 100.0 80.0 54.8 7.7 333 9.5
education
Market access 20.0 11.0 20.0 12.9 25.0 38.5 28.6
Financial support 25.0 | 30.0 111 16.1
(like subsidie}
Minimis support 50.0 46.2 38.1
scheme
Professional farm 10.0 222 17 100.0 66.7 14.3
management

Source: own processing.

Categories of needs by farm size a greater need for skill development through
The analysis by farm size, presented in Tablgarticipation in specialised courses (75%), as
5, confirms the differentiated nature of well as the need for support aapitalising on
farmers' needs. Sermubsistence farms production in the market (25%)arge farms,
require support in three main directions:already at a higher level of competitiveness,
financial support through the minimis supportmainly highlight the need for more
scheme (36.4%), assistance to facilitateprofessional management at the farm level
market access (31.8%) and financial suppor{66.7%), but also the interest in accessing
for farm development (13.6%). Subsistencetraining and education pragmmes (33.3%).
farms indicate, with the increase in farm size,

Table 5.Main categories of needs by farm s{Z&)

Under 1 ha 1-5ha 2050 ha Over 50 ha
(semisubsistence)| (subsistence] (big) (very big)

Financial support for farm development 13.6 5.0
Trainingand education 13.6 75.0 33.3 55.0
Market access 31.8 25.0 10.0
Financial support (liksubsidie} 4.5 20.0
Minimis support scheme 36.4

Professional farm management 66.7 10.0

Source: own processing

Very largefarms indicate as their main needsof agricultural holdings in petirban systems,
participation in training programmes in especially in the context of pressures
emerging areas such as climate changeenerated by the proximity of large urba
digitalisation or the wuse of modern centers and market dynamids. the case of
technologies (55%), as well as access tdarms in llfov County, under the direct

financial support for investments (20%). influence of the Bucharest market, strategic
These results highlightthe differentiated adaptation becomes an essential factor for
nature of farmers' needs depending on the siz@edium and londerm economic

of the holding. Small farms are more sustainabity.

dependent on financial support and facilitatingFor smalisized holdings, characterized by a
access to markets, while large and very largdigh dependence on financial support and
farms show a greater need for advisorymarket access, it is recommended:

services, professi@h management and access-strengthening associative forms, in order to
to specialised knowledge. increase bargaining power and reduce
Implications for farmers transaction costs;

The research results highlight the need fororientation towards short supply chains and
differentiated adaptation strategies at the levetapitalizing on the advantage of proximity to

249



Scientific Papers SeriedManagement, Ecommic Engineering in Agriculture and Rural Development
Vol. 26,Issue2, 2026
PRINT ISSN 22847995, EISSN 22853952

the urban consumer; subsistence farms with large commercial
-diversifying production and increasing addedholdings generates distinct priorities in terms
value, through primary processing or specificof financial support, @ess to knowledge,
certifications (e.g. local, organic products);  management practices, and interactions with
-improving financial management skills, institutional frameworks.

including cost monitoring and product Small and sersubsistence farms are more
profitability analysis. dependent on financial support and on
These measures can contribute to reducingheasures facilitating access to markets. These
economic  vulnerability and increasing farms frequently mention the need for

decisionmaking autonomy. financial resources to sustain production and
Mediumsized farms, in a consolidation support business development, particularly in
phase, can lmefit from: the vegetable sector. For this category, access

-professionalization of management, throughto subsidies, financial aid, and support
the use of strategic planning and financialprograms is an essential condition for
control tools; maintaining activity and ensuring @wmic
-partial integration in the value chain, throughviability.

investments in storage, packaging orMedium and large farms express a stronger

processing; interest in improving managerial and technical
-digitization of production and managernhen competencies. Modern agricultural practices
processes, to optimize the use of inputs; such as regenerative agriculture, climate

-diversification of marketing channels, in change adaptation, financial planning, and the
order to reduce the risks associated withuse of resistancrop varieties are the focus of
dependence on a single trading partner. training needs. Mixed farms also highlight the
These directions can facilitate the transition toneed for specialized knowledge related to
more stable and competitive businessdels.  animal nutrition, soil testing, and pest control,
In the case of largecale farms, where the especially in light of regulatory restrictions on
main need is for advisory services andcertain inputs.

advanced management, it is recommended toLarger farms adtonally highlight the
-develop mediumand longterm development importance of support for  project
strategies based on clearly definedimplementation and access to updated

performance indicators; technical information. At the same time, large
-invest in humarcapital, through continuous farms underline the relevance of the
training and attracting specialists; legislative  framework and institutional

-adopt innovative technologies, including interaction. Farmers cite the need fdearer
precision agriculture and energy efficiency eligibility conditions for support programs;
solutions; faster administrative procedures, timely
-implement risk management mechanismspayments, and improved communication
such as agricultural insurance and cropregarding legislative changes.

diversification. People also are becoming more interested in
These measures can increase the resilience ofodern farm management practices in all
farms to market volatility and structural types @ farms. Farmers stress the importance

changes in the petrban area. of crop rotation, using adapted varieties,
managing risk through crop insurance, and
CONCLUSIONS better planning of production activities. These

trends indicate a growing emphasis on
The study highlights the heterogeneousprofessionalisation and adaptability to
structure of farms operating in the parban econonc and weather fluctuations. The
area of llfov County and confirms the adaptation of farmers in pewrban farming
differentiated nature of farmers' support needsystems cannot be uniform, but must be
depending on farm size and territorial calibrated according to farm size, production
location. The coexistence of smadind semi  profile and territorial positioning. Proactive
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strategies adopted at farm level canManagerent, Economic Engineering in Agriculture &
significartly contribute to increasing the Rural Development, 25(2), 4#82.

. . 8]Petrovici, N., Poenaru, F., 2025, Uneven and
competitiveness  and  strengthening  th divergent spatial figurations: A fiveronged typology

sustainability of the agricultural sector in peri of yrhan and perirban formations in Romania. Cities,
urban areas. 156, p.105578.

Overall, the findingsconfirm that support [9]Pila, M., Stanciu, S., 2025, Local producer groups in
needs differ significantly according to farm Romania: an European contextual analysis. Scientific
size, production profiles, and tiorial Papers Series Management, Economic Engineering in

Agriculture & Rural Development, 25(2), 5901.
context. Smaller farms are more dependent ofygjpopescu, A., Dinu, T.A., Stoian, E., Serban, V.,

financial support and market access, whileStanciu, M., 2024, Regional development in Romania.
large farms have a greater need for advisory brief statistics on socieconomic differencea
services, training and managemestated TR RIS 2 o raricuture
kn.OW|edge' Th‘? flndlngs_ offer empirical and rural development”, Vol. 24(4), 66Z8.

e\_”d_ence r_egardlng th_e variedews of farms  11jRadulescu, C.V., Bran, F., G&feac, I.I., Burlacu,
within perturban agricultural systems ands., Petrescu, |.E., Popescu, M.L., Dima, C.,
enhance the understanding of the Cha||engel§umitrescu, O.C., 2025The contribution of short
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food and nutritional security. Rivista di Studi sulla
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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 coctien 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 PRA84, which wer organized depending on the level

of urbanization. Descriptive statistical methods were used in the analysis, such as arithmetic mean amdanral

gap analysis, as well as tools for analysing the relationships between indicators, including the ioarrelat
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 healtstatus valuesand low levels of unmet needs, while Central and Eastern European
countries have lower health indicators but show a trend of convergence. The analysis -offvarabisparities
highlights the fact that the rural population faces persisteshidvantages, reflected in the levels of unmet medical
needs and, in some cases, in lower vabfgserceived health status. The conclusions of the study show that access

to medical services directly influences the health status of the populatias,rmitthe only determining factor, and

it is necessary to take into account seeemnomic factors and living conditions. Reducing inequalities between
rural and urban areas requires integrated public policies, aimed at improving access to medicalssendce
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, tumaén disparities,
perceived health status, unmet medical needs, European Union, sustainable development

INTRODUCTION affect not only the health status of the
population, but also economic productivity,
Due to their direct influence on social social inclusion and the sustainability of
cohesion and sustainable development at theealth systems. Therefore, understanding
European Union leveit is crucial to analyze these differences and the factors that
health service access disparities between ruraletermine them is an important element for
and urban region€Equitable access to health the development of effective public policies,
services is recognised as an essential elemenapable of reducing inequalites and
of the population's welbeing, but also a supporting the balanced development of
fundamental condition for achieving the European regions.
sustinable development objectives, in The literature extensively addresses the issue
particular in terms of reducing inequalities of health inequalities, highlighting the
and ensuring a healthy life for all. In this existence of persistent differences both
context, the disparities between rural andbetween European Union Member t8taand
urban areas reflect structural imbalances thabetween various socidemographic
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categories [5, 20, 21]. These differences arén this context, the main objective of the paper
explained by the influence of socialis to analyze the relationship between
determinants of health, such as income levelperceived health status and access to health
education and living conditions, as well as byservices expressed by the level of unmet
variations in  the organization and medical needs, in selected European Union
pefformance of health systems [1, 2, 4, 25]. Inmember states. At the same time, the paper
this context, recent research pays particulaaims to highlight the differences between
attention to the contrast between urban andrban and rural areas and identify trends
rural environments, highlighting the role of during the analyzed period.

differential access to health services inBy including a comparater perspective and
explaining variations in the hehltstatus of employing pertinent indicators for the
the population concurrent evaluation of health status and
According to other research, a group ofaccess to medical care, the study strategy adds
variables known as the social determinants ofo the specialist literature and presents a
health such as living circumstances,cohesive picture of the current disparities in
education, and income determine thethe European area

population's health[7, 8, 10, 29]. In this

context, differences beeen urban and rural MATERIALS AND METHODS

areas become particularly relevant, since

populations in rural areas frequently faceThe data used in the analysis come from the
limited access to health services and a higheEurostat database, being selected in such a
incidence of health problems [6, 16, 27]. way as to allow the assessment of the
Access to health services is related to a keperceived health status and access to medical
determinant of health, but the literature services according to the degree of
highlights that it is not sufficient to explain urbanization. Theanalyzed indicators were
the differences recorded between populationgxpressed as percentages and allowed
[9, 15, 19]. Even in conditions of similar comparisons to be made between urban and
access, health outcomes can varyural areas, as well as between the Member
significantly, depending on the efficiency of States of the European Union. The analysis
health systemand their organization [18, 24, was carried out for the period 201024,

28]. which  allowed the highligting  of
Comparative studies at European level showdevelopments over time and the identification
that health inequalities are influenced by bothof trends.

the characteristics of health systems and th@he sample of analyzed states was constructed
social policies adopted in each countf$, using multicriteria selection, which had the
11, 17. In this context, thedifferences role of ensuring the representativeness and
between urban and rural areas reflect not onlyelevance of the analysis at the level of the
the differential access to health services, buEuropeanUnion, the criteria used being the
also distinct living conditions, which directly following:

influence the health status of the populationi the geographical criterion, which aimed at
[23, 26]. the inclusion of states from the main regions
The importance of the topic addressed derivesf the European Union (Northern, Western,
from the need to reduce these inequalitiesSouthern and Eastern Europe);

given that they affect both the quality of life T the criterion of the level of economic
of the population and the sustainability of devdopment, which allowed the inclusion of
health systems [5, 22]. The specializedboth developed states and those in the process
literature emphasizes that reducing healtlhof convergence

disparities requires an integrategpeoach, 1 the relevance criterion for the analysis of
which includes both improving access toruralurban disparities, by selecting states in
health services and interventions on socialvhich there are significant variations in the
determinants [4, 20]. analyzed indiators.
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Based on these criteria, ten European Uniofi Pearson correlationcoefficient, used to
member states were selected, representative assess the relationship between perceived
the economic and social diversity of thehealth status and unmet medical needs
European space, these being: Denmark,

Germany, Spain, France, Italy, Hungary,; B & & 6666é. (4)
Netherlands, Poland, Portugal, Sweden. B €B ¢

The analysis followed two main indicators

i the percentage of the population that reportdhere: _ o

having very excellent or good health is known' | Péarson correlation coefficient;

as perceived health status Xil v_aluesof theindependent variable (unmet
i the percentage of the population that did nofn€dical needs); _
receive medical care because of expense¥ | Vvalues of the dependent variable
travel time, or waiting times is known as (perceived health status); _

unmet medical needs X,y - the averages of the two variables;

These indicators allowed us to simultaneouslyXi i X), (¥i T y) - deviations from the average.

evaluate the results of the health system and )
access to medical services i rurali urban g, calculated as:

///////

In order to process and analyze the data, © @ w eeeéeeee(5)

descriptive and comparative Ssdical W'here: _
methods were used, as well as syntheti@' the difference between rural and urban

indicators, as follows: areas, o _

i arithmetic mean, calculated according to Vrurai the value of the indicator in rural areas;
the relationship Vurad the value of the indicator in theban

® B weééseccecess. . (LM .
= ese methods allowed both the analysis of

where: . o developments over time and the identification
x I arithmetic mean of the analyzed indicator;of relationships between indicators and

Xi T the indicator value for each state; territorial differences.
N1 number of states included in the analysis.

o RESULTS AND DISCUSSIONS
i standard deviation, used to measure the
dispersion of values The analysis carried out in this research
i . O ® éé66é666(2) targeted the (ppulatlon of the Membe_r S_tates
of the European Union and used indicators

where: relating to the perceived health status and
si the standard deviation; access to medical services, based on Eurostat
xiT individual value of the indicator; data. In this context, the evolution of these
Xi arithmetic mean; indicators during the period 2008024 was

ni the number of observations; monitored, as well as the differences recorded
(xi -X) T the deviation of each value from the petween the urban and rural areas.

mean; The information in Table 1 illustrates some
i sum of squared deviations. broad trends in the evolution of perceived

health status in metropolitan settings across
i the coefficient obariation, which expresses the nations examined. First, we can see that
the relative stability of the indicatars nations in Northern and Western Europe have

0w 5 PmEéeéeéeecceee ( 3) high and comparatively steady léveof
perceived health status, which reflects the

where: efficiency of health systems and the high level
CVi coefficient of variation (%); of quality of life in these countries, such as
si the standard deviation: Sweden and Denmark, where the indicator
i arithmetic mean: values are constantly maintained at a high
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level throughout the ahged period, or status in the recent period, especially after
Germany and the Netherlands, characterize@020, a penomenon that is due to the impact
by a relative stability of the perception of of the global health crisis and the pressure it
health status. Second, we can note a trend axerts on health systems.

slight deterioration in the perception of health

Table 1. Evolution of perceived health status in urban areas in the EU in the periogd@21@%6 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 515 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 countrieas Portugal, which, although starting from
record lower levels of perceived health statuslower values, has recorded a gradual
but show a gradual convergence trend towardsnprovement in recent years.

the values recorded in more developed As a resul we can see both the persistence of
countries, suggesting improvements in livingstateto-state disparities and shared tendencies
conditions and access to medics#rvices, at the European Union level, which are
such as the case of Poland and Hungarymarked by relative longerm stability and
where an upward trend in the indicator ismild volatility during times of crisis.

observed during the analyzed period, as well

Table 2. Evolution of perceived health status in rural areas inrBbe period 201682024(% 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 *x 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, Eurogtay.

The information in Table 2 shows how areas. First, it is noted that the level of
perceived health status has changed over timgerceived health status is generally lower in
in rural regions of the nations under study,rural areas, which reflects more limited access
with more noticeable variations than in urbanto medical services and less favorable living
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conditions. Also, in the countries of Northern At the same time, the evolution of the
and Western Europe, relatively high valuesindicator shows the existence of some
are maintained, but thegre lower than those fluctuations in the recent period, especially in
recorded in urban areas, such as the case tife context of th years 202022, which is
Sweden and Denmark, where, although thelue to the pressures exerted on the health
level of the indicator remains high, a slight systems and the impact of external factors on
decrease is observed over time, as well as thiae rural population. There are structural
Netherlands, where the downward trend iselements that affect the quality of life and
more evident imecent years. access to health care in rural regions, as
Central and Eastern European countriegvidencd by the greater variety in reported
record lower levels of perceived health statusealth status and the persistence of dtate

in rural areas, but show a trend of graduaktate disparities. The observed differences are
improvement, an aspect highlighted by Polandalso correlated with the higher prevalence of
and Hungary, where an upward trend in thdong-term health problems in certain states,
indicator is observedbut also by Portugal, highlighted in Eurostat data [13jhich helps
which, although starting from low values, hasto explain the lower levels of perceived health
recorded a gradual recovery in recent years. status.

Table 3. Differences between rural and urban areas in terms of perceived health status in EU countries in the period
2016 2024 (%)

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 i -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 theas Portugal or Hungary are distinguished by
differences between rural and urban areas ifarge and constant differences between rural
terms of perceived health status, highlightingand urban areas, as a result of lower access to
both the intensity and persistence of thesenedical services in rural areas and a lower
gaps in the analyzed countries. The existenceapacity to compensate for these disparities.
of distinct patterns between adues is Additionally, due to the trend of convergence
observed. Thus, a first group is formed bybetween rural and urban regions, certain
countries characterized by small and relativelynations, like Poland, have seen a tendency in
stable differences over time, such as Germanyecent years to lessen these distinctions. As a
or the Netherlands, which indicates a highresult, disparities between rural and urban
degree of balance in the distribution ofareas are noted; these dispasitiare not
medical services betweeanrban and rural consistent across the European Union and are
areas. A second group includes countries irtontingent upon the degree of development
which the differences are moderate butand the effectiveness of national health
persistent, such as Spain or France, where theystems.

gaps are maintained throughout the analyzedo highlight the size and stability of the
period, suggesting the existence of structuratiifferences between rural and urban areas, we
imbalances. On thether hand, countries such calculated the avege of the gaps for each
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country analyzed, the results indicating thatAlso, the analysis of the variability of these
countries such as Portugal and Hungandifferences highlights the fact that in some
record the highest average differences, whileountries the gaps are relatively stable over
Germany and the Netherlands have valuedime, while in others more pronounced
close to zero, due to the high level offluctuations are observed, due to the less

equilibrium. uniform evolution of access to health sees.
Table 4. Statistical analysis of health disparities between rural and urban areas in the ERQ2D16

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 14 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 urbanbenefit from better access tcedical services,
areaswas analyzed through the share of thehere are still differences between countries,
population that did not benefit from medical determined by the efficiency of health systems
services due to barriers such as costs, distan@ad their capacity to respond to the needs of
or waiting time, based on the data in Table 4the population.

Significant differences are observed betweerThe increased vulnerability of rural areas in
the analyzed countries in termbthe capacity terms of access to health servicemesasured

of health systems to meet the needs of théy higher levels of unmet medical needs
population. There are countries in which the(Table 6). Compared to urban areas, the
level of unmet medical needs remains low andralues recorded in rural areas indicate the
relatively constant, such as Germany or theexistence of persistent structural barriers,
Netherlands, which indicates an efficient andgenerated by factors such as the reduced
accessible healthsystem for the urban accessibility of medical infrastcture and the
population. Other countries, such as France dimited availability of specialized services.
Poland, are faced with higher levels of thisSignificant differences are observed between
indicator, due to the existence of dysfunctionscountries, depending on the capacity of health
in access to medical services even in urbasystems to cover the territory evenly. Because
areas. Also, the evolution of the indicatorhealth services are well integrated at the
demongrates the existence of a recent upwarderritorial level, unmet medical needs are
trend in several analyzed countries, due to theninimal even in rural regions in nations like
increasing pressure on health systemsGermany and the Netherlands. In contrast, in
especially in the context of external factorscountries such as Romania or Poland, higher
that have affected the capacity to providelevels of this indicator are observed,
medical servicesAt the same time, inasne  highlighting persistent difficulties in ensuring
countries there is a trend towards a reductiorqutable access to health services for the
in unmet medical needs after the peak periodiural population. France has also recorded
as a result of the gradual adaptation of healtincreasing values recent times, due to the
systems and improved access to medicahtensification of pressure on the health
services. Although urban areas generally system in rural areas.
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Table 6. Evolution of unmenedical needs in rural areas in the EU in the periodiZTB! (% 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 *x 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 51 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 theThus, the rural environment remains more
existence of fluctuations over time, exposed to the risk of exclusion from the
highlighting the sensitivity of the rural health system, and the differences between
environment to changes in the health systenstates areargely determined by the level of
and to external factors that affect thedevelopment and the efficiency of public

availability of medical services. policies in the field of health.

Table 7. Rural and urban differences in unmet medical needs in the EW20046%)

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 -04 -0.2 -0.5 -04 -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 *x 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 requirementambalances. A relevant case is represented by
between rural and urban regions are clearlRomania, where positive valuesf the
shown by the statistics in Table 7. Access tdifferences indicate higher level of unmet
medical services is not evenly distributedmedical needs in rural areas, due to the
among the nations under study; rather, itdifficulties related to ensuring uniform access
reflects the unique characteristio national to medical services. Poland also highlights
health systems and territorial developmentdifferences in favor of the urban area, but with
There is a high degree of fairness in access ta tendency to decrease in recent years, as a
medical care in certain nations, includingresut of improved access to services in these
Germany and the Netherlands, where theareas. At the same time, in some countries
inequalities between rural and urban regiongariations in the differences are observed over
are negligible and mostl consistent across the analyzed period, due to the dynamics of
time. In contrast, in other countries, theaccess to medical services that are influenced
differences are more pronounced, highlightingby economic and institutionaldtors.

the existence of persistent territorial
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The existence of ruralrban inequalities in To highlight the complexity of the
access to medical services is observed, buklationship between perceived health status
their size and evolution differ between and acces® medical services, the correlation
countries, highlighting the determining role of analysis was extended to several dimensions,
public policies and the organization of healththe results indicating the existence of different
systems. relationships depending on the area of
residence (Table 8)Thus, in urban areas, a
Table 8. Correition between perceived health statusmoderate positive correlation abserved, due
and unmet medical needs in the EU, in 2024 to the influence of additional factors on health

Variables analyzed Clz)i?i';:sigrr:t status. In contrast, in rural areas, the
Unmet medical demands and percel 0.49 ‘relationship becomes negative, as a result of
health condition in cities the higher level of unmet medical needs
Unmet medical demands and perce| -0.35 which is associated with a lower perceived
health condition in remotegions health status. Also, ¢hanalysis of ruralirban
Disparities '”d U”"_netdh ”;‘;d'c 053 differences highlights a more pronounced
requirements and perceived health st negative correlation, confirming the fact that
between rural and urban areas

inequalities in access to medical services

Sursa: own processing, Eurostat [12, 14]. . )
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 Standard Coefficient
Average| Minimum | Maximum deviation of variation (%)
Perceived state of health 68.55 58.2 74.6 4.62 6.74
Unfulfilled medical requirement 2.03 0 4.0 1.31 64.73

Sursa: own processing, Eurostat [12, 14].

Descriptive statistical measures show how thanalysis highlights the fact that the variability
examined nations differ in terms of perceivedof access to medical services is more
health and the degree of unmet medical needgronounced than that of perceived health
Thus, perceived health status recordsstatus, as a result of the existence of additional
relatively high average values, but with factors that influence health status.

variations between countries, due toe th Comparative angsis by groups of countries
existence of differences in the quality of life highlights significant differences between
and the efficiency of health systems. At thedeveloped and transition economies in terms
same time, unmet medical needs present af perceived health status. Thus, developed
higher variability, highlighted by the standard countries record higher average valoéshis
deviation and the coefficient of variation, as aindicator, reflecting a higher level of quality
result of the existencef disparities related to of life and greater efficiency of health
access to medical services. The minimum andystems. Regarding unmet medical needs, the
maximum valuesshow that, while some differences between the two groups are
health systems manage to ensure almostmaller, because although access to medical
complete access to medical services, otherservices is relatively similar on average, its
face significant difficulties in meeting the distribution and the efficiency of secé use
needs of the popation. The statistical 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 Average medical need
health status (%) unmet (%)
Developed countries (DE, NL, SE, DH 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 population. Therefore, success in the health
development directlyinfluences the health sector is mfluenced not only by the
status of the population, but the relationshipavailability of services but also by their
between access to medical services and healtfuality, institutional organization, and level of
is complex and influenced by additional adaptability to regional and demographic
factors, including: the standard of living of the particularities. At the same time, the
population, which plays an essential role,inequalities existing between urban and rural
influendng both living conditions and the areas are ot uniform, they depend on the
possibility of adopting a healthy lifestyle; the sociceconomic context and the level of
level of education, which contributes to thedevelopment of each country. In some cases,
formation of preventive behaviors and thethese differences are small, due to effective
efficient use of medical services, which canterritorial balancing policies, while in others,
lead to a better health status, even irthere are larger gaps, which are due to
conditions of access limitations; the lifestyle difficulties in ensuring equitable access to
of the population, reflected in nutrition, medical services.

physical activity level or consumption of The statistical results also highlight the fact
harmful substances, which directly influencethat the variability of access to medical
health status, independently of access t®ervices is more pronounced than that of
medical services; at the same tim#ie perceived health status, which shows that the
efficiency of health systems, expressed in thénealth of the populain is influenced by a
quality of services and their organization, canbroader set of determinants, which include
determine differences between countries, everconomic, educational, behavioral and
under similar levels of access; last but notenvironmental factors, which underlines the
least, the demographic structure of themultidimensional nature of health and the
population and environmeadt factors need for an integrated approach in its analysis.
contribute to variations between countries,At the same timethe relationships identified
influencing both the incidence of health between the indicators demonstrate that
problems and the perception of them. Thesémproving access to health services will not
factors explain why the relationship betweenautomatically lead to an increase in the level
access to medical services and perceivedf perceived health, in the absence of

health status IS complex and complementary  policies that aim at
multidimensional. prevention, health egtation and the reduction

of sociceconomic disparities. Thus, the
CONCLUSIONS efficiency of interventions in the field of

health depends on their capacity to integrate
The analysis carried out reflects themultiple dimensions of the population's well
complexity of the relationship between accesseing.
to medical services and perceived healthNVe believe that a systemic approach to public
status, demonstrating that this relationshiphealth is needed, in which access to health
cannot be reduced only to a directservices is correlated with measures aimed at
correspondence betweehe two indicators. improving living conditions and individual
Although access to medical servicesbehaviors. Reducing health inequalities
represents a fundamental element in ensuringannot be achieved only by expanding the
the health of the population, the resultsmedical infrastructure, as it requires the
obtained demonstrate that their impact isimplementation of integrated policies, adapted
conditioned by a series of additional factors,to the specifics of each state and oriented
which vary significarly between countries towards ensuring balanced and sustainable
and which reflect not only the level of accessdevelopment.
to medical services, but also the capacity oBased on the conclusions formulated, public
health systems to efficiently use availablepolicies must go beyond the paradigm
resources and respond to the needs of thexclusively focused on expand access and
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aim for an integrated approach, oriented3]Bambra, C., et al., 2010, Health inequalities and
towards efficiency, quality and equity. First, it Welfare state regimesJournal of Epidemiology &

. . ommunity Health64(4), B4i 291.
is necessary to develop policies to strengthe |Beckfield, J., et al., 2015, The political economy of

primary and community medicine, DY health inequalitiesSocial Science & Medicinel28, 1
stimulating the presence of doctors in rural4.

and disadvantaged are@dmancial incentives, [5]Braveman, P., et al., 2011, Health disparities and
service housing, tax facilities), simultaneouslyn€a!th equity.Annual Review of Public Health32,

; : L . 3811 398.
with the expansion of telemedicine services to[6]Ca|dwel|, J. T..et al., 2016, Ruralirban differences

reduce geographical barriers. In parallel,in heaith.American Journal of Public Health06(12),
mechanisms must be implemented to evaluate109 2115.

the quality of medical services, not only [7ICase, A., Deaton, A., 2015, Rising morbidity and
access, through standardized indicators at [g]c’crfr'::é’yzr':'rﬁss 112P(49)’ ﬁgﬂgﬁimf‘ M 2004
national and Europegn le\_/el’ Correlateq WlthSOCioeconomic, sta&;u,and healt,h.JournaI of, Health ,
performancebased financing. A flexible gconomics23(s), 965995.

institutional reorganization is also required,[9]Cylus, J., et al., 2022 ealth system performance
allowing the adaptation of services to regionaland access to care in Europtealth Policy.
demographic and epidemiological [10]Cutler, D. M., LlerasMuney, A., 2010,

: i . . Understanding differences in health behavidmirnal
particulaities, including through controlled .\ .+ Economics29(1), 1 28,

decentralization and local partnerships(iijeikemo, T. A., et al., 2008, Welfare regimes and
between authorities and service providers.  health inequalities.Scandinavian Journal of Public
Secondly, to respond to the multidimensionalHealth 36(3), 228235. .

nature of health, policies must integrate[lz]Eurostat, 2025a5elf-perceived health by sex, age

. . . . an degree of urbanisation,
!nterventlons from outside the _medlcal SyStemnttps://ec.europg.eu/euros’[at/databrowser/view/hIth_silc
itself. Thus, national prevention and health 1g/gefault/tableAccessed on January 5, 2026.
education programs, focused on life cycleg13]Eurostat, 2025bPeople having a longtanding
and vulnerable groups, as well as intersectoradlliness or health fmblem,
policies that reduce socEconomic  https://ec.europa.eu/eurostat/databrowser/view/hith_silc

. - . . . ? =

inequalities  (education, income, housmgzéggdefault/table.Iang enAccessed on January 5,
Cond|t|0n_5’ anronment) are essent'_al- Irs thi [14)Eurostat, 2025¢Seltreported unrat needs for
regard, it is recommended to introducemedical examination,
"Health in All Policies" strategies, through https://ec.europa.eu/eurostat/databrowser/view/hith_silc
which the impact on health is assessed in all21/default/table?lang=gnAccessed on January 5,

. . . . 2026.
major public policies. At the same tlme,’ [15]Gulliford, M., et al., 2002, Access to health care.

integrated data monitoring and a_-naly3|SJournal of Health Services Research & Pqlig{3),
systems must be developed, allowing theisei188.

rapd identification of territorial disparities [16]Hartley, D., 2004, Rural health disparities.
. . . . [17]Hu, Y., van Lenthe, F. J., 2016, Trends in
time. BY correlatlng access 1o S_erV'_CeS V\_”thsocioeconomic inequalities in healtBuropean Journal
prevention, education and social inclusiongs pyplic Health 26(4), 580585.

measures, it is possible to ensure not onlythe 18] Kri ngos, D. S., et al
improvement of perceived healgtatus, but strength.British Journal of General Practic63(616),

also the sustainable reduction of inequalitie SE:Jeas)due 1 E. et al 2015, Paticaired access
between populations and regions. to healthcare. International Journal for Equity in

Health 12(1), 18.
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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-yi€ar period of wheat, corn, and sunflower production in a-inégated
vegetable farm, where the only source of water was natural precipitation. The aim was to assess the correlation
between yield variation and monghprecipitation 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 regmients. The results highlight high economic

risks associated with raifed agriculture, especially in the case of corn. Sunflower presented the greatest
productive stability under drought conditions, while corn proved to be the most vulnerable. Thengphdgirzes

the essential role of irrigation in reducing variability and ensuring production security in the Romanian Plain.
Targeted investments in irrigation systems, especially for mesized farms, are essential for increasing
agricultural resilience ad aligning with Sustainable Development Go#élZero Hunger of the 2030 Agenda.

Key words weather dependence, wheat, corn, sunflower, drought, agriculture

INTRODUCTION production process and predicting whether the
process can produce outpthiat meet initially
Weather dependence is a commonestablished requirements. If two limits are set,
phenomenon on farms in Romania. Aone lower and one upper, relating to outputs,
pervasive study on the current state ofproduction processes that have high
agriculture in Romania, during the period variability will have difficulty fitting between
19902021, presents the evolution of thethe two limits. When the variability of the
average cereal production and the amount oprocess is dw, fitting within the set limits
precipitation during thigperiod. The evolution occurs more frequently, and therefore the
trend of both indicators is visibly similar, economic risks of farmers will manifest
which demonstrates the high dependence ahemselves less frequently. The value of
agricultural production on precipitatiof39].  capability indices provides an image of these
Ensuring the water requirement for crops insjtuations [50]. Capability analysis has a
many areas of the world remains a difficult multitude of applications, in manufacturing
problem tosolve. Various irrigation methods processe$§30], quality engineering27], or in
to ensure production and food security are othe economic field17].
permanent scientific intereft0, 26, 49] The southern area &omania is mostly plain
The large variations in agricultural productionin shape. The Romanian Plain covers this
on farms where the only water comes fromgeographical area. It is located north of the
precipitation frequently make it imposseéior  Danube, in thdower course of the river. Its
farmers to cover production expenses insurface area is approximately 49,594 km2.
certain years. The average annual temperature is
Capability analysis is an economic approximately 1413 degrees Celsius. The
mathematical method that consists ofaverage annual froftee time is 20220
analyzing a series of initial data relating to adays. July has the highest average
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temperature, 223 degrees Calss. However, assessmerdf the economic risks involved in
anthropogenic factors bring multiple climate the absence of irrigation on small farms may
changes[21]. The proximity to the Danube be inconclusive.

makes it possible to irrigate farms in this areaOn the other hand, there are also large farms
but it also brings with it large investments andin the Romanian Plain, which use modern
the obligation to comply with environmental technologies and irrigation. These farms are
protection equirements. Under these protected from drought. Even this category,
conditions, the properly irrigated agricultural the risks brought by the absence of
area is only approximately 10% of the tqeégl  precipitation cannot be studied.

22, 42] Due to the large investments, theTherefore, only a certain category of medium
dilemma faced by farmers is how to choose tsized farms that constantly monitor the
irrigate their land or even to continue their production they obtain and which, at the same
activity without irrigation. time, are weathedependent, regardinghe
The Romanian Plain is an agricultural areaprovision of water necessary for crops, remain
with an important tradition for the cultivation a useful source of statistical data.

of cereals. Some climate changes are makin@urrently, there are associations among
their presence felt in this area, but slowly.farmers to bring the water needed for
Farmers sometimes notice a lack ofirrigation, but in this case, it is possible that
precipitation at the right time. The the water requirement is not comlgt
phenomenon of desertification of large areascovered. In the paper, a scenario with a partial
of Romania is recognizefB, 11, 37] The coverage of the water requirement was created
concrete, local economic implications of suchand studied. There are also cases in which
phenomena remain to be evaluated andarmers have developed their irrigation
updated. systems that can bring them their full water
This study attempts to fill a gap in the requirement. This case is dtad in a second
specialized literature regarding thesessment scenario.

of the current risks faced by farmers in theSince, on the other hand, intensive use of
Romanian Plain who practice a cerealirrigation in agriculture is sometimes
cropping system in the absence of irrigationunsustainable, policies on agricultural
when relying exclusively on water from irrigation need to be developed at the level of
precipitation. the entire area and not at the level of an
Field research is hampered by the lack ofindividual farm.Thus, it is necessary to have a
reliable statistical dat that accurately clearer picture of the economic impact of
describes the response of local cereatifferent scenarios regarding the size of water
production in the absence of irrigation. Theresources used.

restitution of old properties, which began in Literature review

1990 in Romania, has led to a significantWater plays an essential role in the entire food
degree of land fragmentation. Many ownerscycle and ensuring its quantity and quality is
own and work small aread agricultural land. bemming increasingly difficult. Drought
They practice a form of subsistencewarnings and alerts often appear in Europe for
agriculture. Cereal production yields differ large areas. Periods of heavy rainfall are
from one owner to another due to the differentobserved followed by the absence of rainfall.
production technologies they use. Moreover,The implications for agriculture but also the
cereal production is often financially implications that agriculture has owater
supported by its incoa) other than the direct resources were the subject of a European
ones involved in agricultural production. This Parliament Resolution on the consequences of
is because the products of vegetable farms amrought and other negative phenomgty.

used for their consumption or the livestockWater is not always used sustainably in
farms, they own. Economic data cannot beagriculture, and the European Court of
guantified in value in an exact form. An Auditors has noted this and called for the
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CAP (Common Agricultural Policy) to be agriculture, but at the sam@#gme imposes
aligned with EU water policie§16]. The restrictions to conserve water resources,
inequalities resulting from the absence ofmaintaining a continuous balance. The
traditional water sharing not only lead to legislative framework provides important
inefficient use of water resources globally butsupport in support of this balance. Reusing
also to conflicts between irrigators in Francewastewater can be an effective solution, given
[43]. It is also proposed, where possible, tothat currently most rural loddes in the
change cropping technologies, land use, an®omanian Plain have recently been connected
the establishment of other crops thatuire to water networks. The  minimum
less water, to use resources sustaingaly. requirements for water reuse are regulated by
In Romania, the coexistence of very large andaw [14]. Water losses in distribution
very small farms in the same area is commonnetworks, sources of pollution that can make
These large disparities entaill negativewater unsuitable for reuse, but alsther
phenomena regarding sustainabiliti88]. aspects that give water the quality of a
There is also the phenomenonf dhe heritage asset that must be protected, are
concentration of resources, including waterregulated by Directive 2000/60/HT3]. CAP
towards large farms, with direct negative 20232027, brings changes in the sense of
sociceconomic implications in the rural supporting smaller farms and ensuring equity
environment. In Romania, many of the[15], along with a diverse list of easures
irrigation systems were built before 1989. Ifaimed at sustainable development and
cooperative agriculture was the predoamt achieving positive results and performances
form during that period, the changes that[2, 7, 12, 41]The conclusions of the literature
occurred regarding ownership, especially thestudy indicate the need for sustainable water
high number of different properties, can leaduse in agriculture. This must be regulated at
to difficulties in the management and the national level in Roania, and not just
maintenance of irrigation systems. In theindividually at the level of agricultural
eastern part of the country, their deg of holdings. Such steps must be preceded by a
degradation reaches #0% [29]. Water good knowledge of the concrete situation at
losses are important and also make efficienthe level of the economy of individual farms,
irrigation impossible. The response of knowledge of the economic risks and the
different crops under the effect of different factors that involvehtem, respectively of the
irrigation systems is also studied in Romaniayegional particularities.

indicating the efficiency of higér value plants In this context, the goal of this research is to
that can be adapted to water shortdgds evaluate the relationship between yield
Of the total population of the SouWest change depending de monthly precipitations
Region, which includes the study area, 63.4%uring the period of vegetation of wheat,
of people were connected to the public watesunflower and maize and to ddep two
supply system and only 48.2% to the sewagacenarios: one which involves partial
systems[33, 34] A large part of the water irrigation and the second which assure the
consumed is therefore not subjected to theoverage of the water needs of the crops.
purification process but is discharged directlyFinally, the risk evaluation was estimated in
into the ground through pits. In addition, in care of water insufficiency in the local
the absence of a connection to the sewageonditions in order to claim for fimaial
system, the inpubutput correlation is support for the producers who could be
difficult to follow, and losses cannot be affected by production and income losses.
estimated correctly.

The European Union policy is one that MATERIALS AND METHODS

understands the water deficit in agriculture,

especially during certain periods of the year. IfThe study is based on data obtained within a
recognizes the importance of irrigation inmixed crop farm, where wheat (60%),
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sunflower  (30%), and corn (10%) essential steps followed are described in
predominate. The farm has approximately 20@Figure 1.

hectares and is located within theThe average annual production obtained and
administrative b o un dused ia® statisticalf data M eattulatetHiby
County, near the P&Lt Uividing éhe total pradudtidan yo.the cultivated
The land is located in several plots witharea.

different areas ranging fno 1 hectare to 40 The approximate posin of the farm and its
hectares. location on the map of Romania is shown in
Statistical observations were used for a periodap 1.

of 10 years, from 2012024, regarding the

average production per hectare but alscsudipesta oy
regarding certain financial details, for the  Ungaria }hig
establishment and maintenance of the R :
agricultural cop and the valorization of the Seorpar} o
products. iarajev Serbm
The following abbreviations are used in this,gg:,é‘y\\,x Sofia

manuscript: NMA- National Meteorological 4 Kesove § © Bulgaria . :
Administration, NIS- National Institute of Map 1._ Locati_on of the studied vegetable farm in the
Statistics, CAP - Common Agricultural goomjnr'ag Z""?'n Authorsoe original pr
Policy, National Research and Developmentyaps[20] and Geoporta19].

Institute for Pedology, Agrochemistry and

Environmental ProtectionNRDIP. The formula used to calcuatthe process

The research involved a literature review andcapability was:

discussions with farmers, owners of 5 & ,,QA‘Y“YD a a 0°Y0

agricultural holdings in the study area. o, d o, 88 o

Preliminary stage where:
USL - Upper Specification Limit,
farmers and LSL - Lower Specification Limit,

v stakeholders mi Mean
F—— 0 - Standard deviation of thg Fiata series. .
LSL valuesrepresent a minimum economic
[1 threshold of production. A production value
Data collection .
[ and processing production costs of the farm.

lower than this threshold could not cover the
—— USL valuesrepresent a maximum desired

isti orrelating statistical . .
ntemratation findinga with farmers threshold which, if exceeded, would lead to
‘T’ perspectives environnental degradation due to excessive

fertilization or pesticide application but also to
production costs that are much too high
— compared to the farm budget.

Fig. 1. Representation of research procedure design Both values. LSL and .USL. are specific to
Source: Authorsd original r i ’ P

e re ent | n.
each cPop within' a farm. &values<1 show

The holding where the case study wasthat a prodation process has no capability.

conducted has the advantage of havingiCpk values between 1 and 1.33 represent a
multiple plots of different sizes, which from a ow-capability process. fevaluesgreater than

statistical point of view, by being located in %)‘33 zhow thﬂt a _prolcess IS capablef.
different  locations, ensures a good2€Pending on the particular requirements o

. - : the production, sometimes even higher indices
represatativeness of the studied territory. The '
P y are pursued, 1.67 or everj21,5Q.

Discussions with

Scientific

literature study
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The precipitation valuesn the studied area The water consumption of plants is a variable
were the subject of a correlation analysis withparameter, which depends on the plant
the agricultural production obtained. The studied, the soil, the climatic conditions but
multiple correlation coefficient was used. Thisalso on particular factors. However, following

coefficient indicates the intensityf the link the specialized studies, in wheat, in the
between the predictor variables xi and amonths when water is physiologically

dependent variable y. With the notati®or  essential, November, March, May, the
the average of the value$the series y andd average monthly water consumption is
calculated by the linear regression model, theensured by precipitation at the level of 40 mm
expression of the multiple correlation [5].

coefficient is: Figure 2 shows the precipitation values

compared to the water consumption of wheat.

ven, if the average valuds the analyzed

B

Yy p 5 & ééé. 4 8 :
e period exceed this value in November and
The Gk valuesfor the entire farm will be May, the median value for March of the years
calculated by formula: 20152024 shows that in half of these years,
the precipitation level was less than 30 mm in
S 6 n o n o N this month. This fact can create serious
b666bééé6b6b666é6é6666. . (3)damage to the wheat gran the absence of

where: p represents the weight of each irrigation. Water consumption in corn is

agricultural crop, an@pki are the valuesf the  different in the stages of plant evolution.

capability index Gk For statistical Following the research presented in the
calculations, the SAS Studio 9.4 softwareSPecific literature, we can appreciate an
package was used46]. The precipitation average water consumption ensured by 85 mm
valuesthat formed the basis of the correlation©Of Precipitation in July1, 2§.

analysis are taken from theNMA - Inthe months when water is essential for corn

meteorological reportss]. cultivation, May, July, and August, the
monthly precipitation valuesstimated based

RESULTS AND DISCUSSIONS on NMA data in the studied area are shown in

Figure 3 along with water consumption.

The precipitation level in the Romanian PlainAccording to the statistical daia Table 1,
is frequently lower than in other areas ofthe average precipitation valuese lower than
Romania. The estimated precipitation valuesthe 85 mm threshold. Moreover, following the
in the studied farm area based on NMA datadata in Figure 2, this threshold is only very
over the 10 years, apresented in the form of rarely reached. A fact known to farmers is
a statistical summary in Table 1. therefore confirmed, namely that the yield of
corn productbn does not ensure economic
Table 1.Statistical summary for precipitation values efficiency in nonirrigated farms in the
during the period November 20Wugust 2024, in the  Romanian Plain, only in rare periods when

studied area (mm/month) . . precipitation is quantitatively sufficient.
Mean @ Median @ Standard | Minim Maxim

Deviation Even though the water consumption of
November  66.6 63 33.8 15 113 sunflower is similar to that of corn, it is a
M,\j‘;;h woy ne 5 us more droughtesigant plan{6, 23, 25]
July 52.2 54 29.6 5 87 This fact becomes an argument of farmers
August 28 35 17.0 5 45 who have an interest in this plant.

33; urce: Authorso originalyogeqdrC the astricterm tethhicdl ‘coridhs, d at a
[35] crop rotation, do not allow cultivation on large

. areas as a share in the total farm area.
The average level in November was 66 mm,

while in March it was only 45 mm.
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Peciptation tmmmonth) models with a large number of variables can
- be subject to errors and this fact led to the idea

" of teding weather dependence using only
“ three independent variables as predictors.

© The values of the multiple correlation
“ \ W/ coefficients, R, calculated for each

agricultural crop are: fear0.56, Rom=0.76
and Runflowe=0.48 respectively. R valueme
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 often considered to indicate a medium level of

Nov March  ——May  ——Wheat- water consumiion correlation when they are between 0.4 and
(a) 0.7. Valuesbetween 0.90.9 indicate a high

Precipilalion (mm/month) Correlatlon[g] ’
10 Corn is the plant whose production was
" A e strongly correlated with the nsount of
7 \/ precipitation that fell in the three essential
- months. Specifically, low corn productions
0 are related to dry years, and on the other hand,
. high corn productions were obtained when

10 precipitation was quantitatively sufficient,
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 given that the cultiviion teChn()lOgy was not

May Juiy August Comm - water consumtion modified. Wheat and sunflower have a
(b) medium level of correlation regarding weather
Fig. 2 Precipitation level and water consumption. dependence. The lowest coefficient is for

(@) Evolution of monthly precipitation in November, sunflower. This is the plant whose production

March, and May, during the period 202824, s therefore the least affected by the amount of
compared to the average water requirement for the, i o\ ~ilnle

wheat crop. . -
(b) Evolution of precipitation in May, July, afdigust, 1€ Stafistical summary describing the

during the period 2012024, compared to the average agricultural production values, expressed in
water requirement for the corn crop. kg/ha, are presented in Table 2.

Source: Authorso originapyrfgtRe 0YEdd, mithePRriod 202029, NMA

data[35] under conditions in which the lands were not

The study on the correlation between thdlrigated, the average wheat productionswa

average production of cultivated cereals andh700 kg/ha. It is slightly higher than the
precipitation was carried out under thed@verage wheat production in that period in
following conditions: Romania, of 4,230 kg/ha. In the same time
-The dependent variable is average productiofnterval, the SoutiWest Oltenia Region has
-For wheat, per hectare over the 10 years, an@" average wheat production of 4,111 kg/ha.
the independent variables are the rainfall inln corn, the average production obizd on
the farm area in November, March, and Maythe farm is also higher than the national
of the yearselated to the crop. average, 4,976 kg/ha, and the regional
-For corn and sunflower the dependentaverage, 4,700 kg/ha And in Sunflower, the
variable is the average yield per hectare, an@verage production of 2,710 kg/ha exceeds the
the independent variables are the rainfall inhational average, 2,294 kg/ha and the regional
the farm area in May, July, and August ofaverage, 2,335 kg/ha, according NIS -
each year studied. AGR110A [32]. Even in the absence of

Those months of the year in which irrigation, the establishment and maintenance
precipitaion is essential for plant of agricultural crops were carried out

development were chosen for statisticalproperly. We can therefore assume that the
analysis. Furthermore, from a mathematicalmain factor that is absent is water, in dry
point of view, the predictive capacity of years.
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Table 2. Statisticalsummary fo onfarm cereal
production in the period 201%024,

under

irrigation (weatheidependent) conditions

Scenario 1, Irrigationi partial protection
consists of incomplete irrigation of the lands
and thus brings only partial protection of
crops against drought.

Scenario 2, Irrigation T full protection
consists of irrigating the lands with a
sufficient quantity of water to ensurmgrain
production with valuesimilar to those in the
years with high production.

This scenario would therefore induce a total

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: Authorsé original

of statistical data from the studied farm.

Wheat

Corn has the highest coefficient of variation,
range, and standard deviation. In the case
other plants, important changes in agricultural
production are also obsed from one year to
the next. For wheat, the LSL value was
estimated at 3,700 kg/ha and is based o
average production costs, including subsidie:
granted by the Romanian Agricultural
Payments and Interventions Agency.

The USL value for wheat was estimated at
8,000 kg/ha. Similar caltations 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 irrigatn, production
increases were observed with valoéd,000
1,500 kg for wheat and 2,5€0000 kg for
corn in years when the rainfall level was
normal and even double in years when thert
was drought, compared to nomigated lands

Comn

Sunflower

8000

5000

4000

3000

2000

8000

7000

6000

5000

4000

3000

3500

3000

2500

2000

2

(©)

8
Year

Sci

protection of crops in drought conditions.

enario 2, rrigation (full protection)

Scenario 1, Irrigation (partial protection)

No

No irrigation (weather dependent)

10

irrigation (weather dependent)

Scenario 2. mgation (1l protection)

Scenario 1. Irrigation (partial protection)

Scenario 2, Irrigation (full protection)

Scenario 1. Iiigation (uartial protection)

No irrigation (weather dependent)

Studi

[36] and approximatgl 1,000 kg for Fig. 3. Wheat (a), corn (b), sunflower (c) production,
sunflower [48]. Rainy years do not lead to obtainedon the farm over 10 years (202824) in the

production increases due to irrigation, as it is?
not necessary.

farm according to the data in Table the

Aut hor so
for the data series of grain production on theStudio of statistical datmom the studied farm.

bsence of irrigation (weather dependent), and two
scenarios with estimated production under partial and

} i total irrigation conditions
Starting from the valueef quartiles 1 and 3 sour ce:

original r

years with low and high production in the As a reference, the series of real productions,

statistical series were delimited. By makingobtained without irrigation, in a weather

the value corrections of the type above on thelependent manner, regarding naturally fallen
productions obtained, the productions wereprecipitations, is also analyzed.
estimated in the case of two irrigation This case is generically referred to the paper
scenarios. asNoirrigation i weather dependent.
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The three cases, two scenarios proposed (c)
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 valupeesented in ® -
Figures 3, data processing using Capability / |
Analysis involved determining the percentage , |/ N_
frequencies of production values, estimating

Com - Scenario 1, Inigation (partial protection)

40

Percent

the evolution curve of the probabiliyensity Lonersson TG o)
function, for each scenario, for each cereal (d)

crop in particular, in Figures 4 -g) then ”

determining the statistical parameters useful =

within the formula for determining Cpk and “

the concrete calculation of Cpk valu@sable

3).

Corn - The scenario 2. Irrigation (Full Protection)
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