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Abstract 

 

The purpose of this paper is to review, synthesize, and evaluate how management systems are transforming sustainable 

food, while also highlighting the challengesðespecially cybersecurity, governance, and cost barriersðthat must be 

addressed. More specifically, the article aims to: Inform readers about the growing pressures on global food systems 

(population growth, climate change, limited resources); Explain how digital technologies (AI, IoT, blockchain, Big 

Data, robotics, OT systems, biosensors, Industry 4.0) are being applied across the entire food value chainðfrom 

production to waste management; Assess the benefits of these technologies for sustainability, food safety, efficiency, 

traceability, and waste reduction; Identify risks and challenges, including cybersecurity threats to OT systems, data 

security issues, infrastructure gaps, high costs, and governance limitations; Argue that technology alone is not 

sufficient; systemic transformation requires coordinated changes in policy, regulation, infrastructure, expertise, and 

collaboration; Provide future outlooks and research directions for achieving sustainable, resilient, and secure agri -

food systems. As material and methods there wereI used: PRISMA ï a research standard applied to explore how 

digital technologies transform current agri-food business models and support the creation of sustainable value chains. 

Also, there were used Scopus and Web of Science data bases. Main results of this paper refers to: Operational 

Technology (OT) is essential but vulnerable in modern agri-food systems. OT enables real-time control of physical 

processes in farming and food processing (e.g., vertical farming, pathogen detection, energy optimization), but its 

tight coupling with physical systems exposes it to serious cyber-physical security threats; Digital technologies 

significantly improve efficiency, sustainability, and food safety across the food value chain.  

 

Key words: cybersecurity challenges, digital technologies, AI, management systems, food 

 

INTRODUCTION  

 

The purpose of this review is to evaluate the 

current research on how digital technologies 

are integrated into sustainable agri-food 

business models and to offer guidance for 

future research and managerial strategies [11]. 

Industrial agri-food waste can be redirected as 

inputs for other processes by universities, start-

ups, and small businesses, promoting a circular 

economy and sustainable development. About 

1 billion tons of food are wasted annually, 

accounting for one-third of global production. 

Approximately 38% of this loss occurs during 

food processing, with major contributions from 

the beverage industry (26%), ice cream 

production (21.3%), fruits and vegetables 

(14.8%), grains and starch products (12.9%), 

and meat production (8%). Stakeholders such 

as consumers, investors, employees, suppliers, 

and regulatory bodies have shown growing 

ethical interest in production practices and 

their environmental and social effects. 

Companies operate more effectively by 

building internal capacities to advance 

sustainability, which includes raising 

awareness, expanding knowledge, and 

fostering the skills and processes required for 

sustainable development [8]. The global food 

system faces a structural crisis, driven by food 

commodification and market-oriented 

production, undermining ecological 

sustainability and social equity. Treating food 

systems as socio-ecological commons 

highlights the need for collective management 

and adaptive governance. However, effective 

local monitoring systems to assess their 

development, impacts, and interactions are still 

insufficient [9]. Modern food systems provide 

many examples of how closely linked 

challenges can become concrete barriers to 

transformation. Integrating policies across 

domains often requires negotiating difficult 

trade-offs, as priorities such as biodiversity, 

mailto:alecu.eugenia@managusamv.ro
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employment, and healthy diets may conflict. 

Resolving these issues can demand extensive 

scientific debate and public deliberation, 

especially on complex topics like GMOs, 

pesticide use, and labeling. Improvements in 

the transparency and accessibility of food 

system data offer opportunities to address these 

trade-offs, build synergies, and strengthen 

networks, ultimately supporting transformative 

change when paired with strong leadership and 

communication [13]. Circular economy 

principles are becoming increasingly vital for 

reducing waste and improving resource 

efficiency. Strategies like surplus food 

redistribution, batch preparation, and inventory 

optimization help minimize losses. At a 

broader level, standardized carbon tracking, 

transparency, and cross-sector collaboration 

are key to scalable carbon mitigation. Digital 

technologies, including IoT and AI, offer 

promising solutions for monitoring energy use, 

predicting waste, and supporting real-time 

decision-making. Agriculture worldwide has 

been severely impacted by climate change. 

Rising temperatures, fluctuating day-night 

cycles, and unpredictable rainfall patterns have 

intensified extreme weather events such as 

droughts and flash floods and increased disease 

occurrences. These challenges have affected 

production efficiency and driven the adoption 

of climate-smart adaptation strategies to 

sustain year-round productivity. Adaptation 

measures span all areas of crop production, 

including soilïwater management, nutrient and 

fertilizer optimization, crop improvement, use 

of beneficial elements, organic soil 

amendments, as well as fisheries, livestock, 

poultry, and mechanization [3].  

In this context, the purpose of this paper is: The 

purpose of this paper is to review and evaluate 

how digital technologies support sustainable 

and circular agri-food systems, with a 

particular focus on reducing food waste, 

improving nutrient circularity, and enabling 

sustainable agri-food business models under 

environmental and climate pressures. More 

specifically, the paper aims to: Assess current 

research on the integration of digital 

technologies (e.g., AI, IoT, data analytics) into 

sustainable agri-food business models and 

examine how digital tools contribute to 

nutrient circularity, food waste reduction, and 

the reuse of organic waste streams within a 

circular bioeconomy. Analyze the scale and 

impacts of food loss and waste, highlighting 

their environmental, economic, and social 

consequences across the agri-food supply 

chain. [6]. Explore governance, policy, and 

socio-ecological challenges that hinder 

transformation toward sustainable food 

systems, including trade-offs among 

biodiversity, employment, and healthy diets. 

Identify opportunities for improved 

transparency, data accessibility, and 

monitoring systems, supported by digital 

technologies, to enable informed decision-

making and systemic change. Provide 

guidance for future research and managerial 

strategies to help stakeholders adopt digital 

solutions that advance sustainability, 

resilience, and climate-smart agriculture. 

 

MATERIALS AND METHODS  

As material and method for this article, I used: 

PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses), a 

standard approach for systematically selecting 

and reporting literature. Its use improves 

completeness in reporting and addresses a 

common limitation of literature reviews, where 

relevant studies may be overlooked. In this 

review, PRISMA was applied to explore how 

digital technologies transform current agri-

food business models and support the creation 

of sustainable value chains. Also, I used 

Scopus and Web of Science due to their 

extensive and diverse coverage. No publication 

date restrictions were applied, reflecting the 

recent nature of research on management 

systems for food. Only English-language, peer-

reviewed articles were included, while 

conference papers and book chapters were 

excluded, ensuring the quality and accessibility 

of the reviewed literature.  

RESULTS AND DISCUSSIONS 

 

Transformations should be seen as a dynamic 

and integrated process, as technology alone 

cannot drive systemic change [10]. Growing 

food demand is pushing the agri-food industry 
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to produce more with limited resources, while 

also responding to increasing sustainability 

challenges. Digital technologies like the 

Internet of Things, artificial intelligence, 

blockchain, and robotics are changing how 

food is produced, processed, and delivered. 

The benefits it can bring are: better efficiency 

and quality, food safety and ecological 

sustainability. Real-time control of factors 

such as: temperature, humidity, pH, digital 

technologies, aims to minimize food spoilage 

and food waste. [14]. Opportunities, challenges 

and perspectives related to the use of these 

technologies on a large scale in this field are 

analyzed. Digital technologies include 

systems, devices, electronic tools and 

resources that generate, store and process data. 

In the agri-food sector, in the processing phase, 

the digital technologies used are AI, the 

Internet of Things, blockchain, Big Data, 

robotics and smart sensors. Food systems 

optimized in this way can have a very good 

impact on society, the environment, the 

economy, etc. In the agri-food sector, AI is 

used in the processing phase to automate the 

sorting, classification, packaging of food 

products, to detect food safety risks or to 

predict the yields of agricultural crops. In fact, 

AI -based technologies can improve 

productivity and efficiency throughout the 

production chain. Such applications are 

especially relevant in the vegetable supply 

chain during the agricultural stage, where 

accurate monitoring is essential for improving 

crop productivity. IoT systems have been 

shown to optimize key operational parameters, 

including pesticide and water usage. Moreover, 

IoT enables the monitoring of soil 

composition, environmental conditions, and 

crop physiology, supporting more precise crop 

monitoring and management. Advances in 

digital technologies have allowed machines 

and robots to perform tasks previously handled 

by humans. In the present and future, a 

transition to smart food and agricultural 

factories may be possible if people will study 

and apply the new principles of automation and 

robotization. In agriculture, robotics can help 

in sowing, planting, weeding, picking, 

harvesting, handling, cutting, slicing and 

packaging, achieving high efficiency and low 

costs involving human labor. Since the 

development of blockchain in 2009, there are 

three types: open, private and hybrid 

blockchains. In the agri-food supply chain, 

blockchain is increasingly adopted because it 

helps improve product traceability, 

transparency, food safety and security [12]. 

Blockchain technology has emerged as a 

promising tool in the food industry, primarily 

for improving transparency and traceability 

within supply chains. Research highlights both 

the benefits and challenges of its 

implementation, emphasizing its role in 

enhancing traceability, information sharing, 

and recall effectiveness, particularly when 

used alongside IoT technologies. Originally 

adopted to address food safety issues, the 

integration of blockchain and IoT is 

increasingly viewed as a key driver in the 

transition toward a more trustworthy and 

sustainable agri-food system. [2]. Food fraud, 

driven by economic motives, compromises 

food quality and safety. It includes practices 

such as dilution, substitution, unauthorized 

additions, unapproved enhancements, and 

mislabeling. Combating fraud involves risk 

and vulnerability assessments across the 

supply chain, with KPIs like detected 

incidents, high-risk materials, and vulnerable 

suppliers. [5]. A key challenge for agricultural 

IoT is data security. High costs remain a 

barrier, though cheaper wireless sensors are 

emerging. Predicting yields under different 

climatic conditions helps optimize irrigation 

and fertilizer management, improving resource 

efficiency and productivity. [4]. Precision 

disease management also supports yield 

sustainability, with image processing 

techniques, including genetic algorithms, 

achieving up to 90% accuracy in managing leaf 

diseases [3]. AI technologies are increasingly 

applied in emerging fields like 3D food 

printing and smart packaging, demonstrating 

their ability to enhance the consumer 

experience and reduce environmental impact. 

However, challenges such as high costs, 

system integration complexity, and the need 

for ethical and sustainable policies remain. [7]. 

Future AI development should focus on 

accessibility, inclusivity, and collaboration 

across disciplines to strengthen food security 
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and sustainability [1]. Industry 4.0 leverages 

advanced technologies, including big data, AI, 

IoT, machine and deep learning, cloud 

computing, system integration, and smart 

sensors.  

 

CONCLUSIONS 

 

IoT enables real-time monitoring of 

environmental and product conditions 

(temperature, humidity, soil composition, 

traceability), optimizing water, pesticide, and 

energy use; Industry 4.0 is driving a shift 

toward Agriculture 4.0 and Food Safety 4.0; 

Data-driven, predictive approaches replace 

reactive systems, enabling early detection of 

pathogens, contaminants, and spoilage through 

intelligent biosensors integrated with IoT and 

AI; Blockchain improves transparency and 

combats food fraud; Blockchain adoption 

enhances traceability, security, and trust in 

food supply chains, helping address food fraud 

and accountability challenges; Automation and 

robotics reduce labor dependence and increase 

precision. Robotics improves efficiency in 

seeding, harvesting, processing, and 

packaging, accelerating the transition to smart 

agriculture and smart food factories. 
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Abstract 

 

Plant genetic resources for food and agriculture (PGRFA) are the main subjects of policies related to ensuring food 

security at national and international levels. Their full conservation and sustainable use are a must today when we 

are facing climate change effects, including desertification. The aim of this article is to present the survey results upon 

the investigation of old apple tree varieties from a traditional orchard in Roѽcani village from Hunedoara County, 

Romania. Based on the history of the place these orchards have been settled after 1750 and before 1768 when they 

became famous. Based on our analysis the current distribution of the former traditional orchards is still preserved 

for certain parts of these traditional orchards. In 2018, on a surface of 1 ha of a traditional orchard, with a 

productivity of 7,800.00 kg/ha, 24 old apple varieties were recorded. At least 7 local old apple varieties and other 

three local walnut varieties were recorded. The main threat impact for the preservation of these orchards positioned 

in the border of the forest is the land use change towards agricultural land. There is urgent need for conservation 

measures to be taken for the preservation of these PGRFA relevant for food security for the future. 

 

Key words: traditional orchards, old varieties, apple varieties, walnut varieties, PGRFA conservation 

 

INTRODUCTION  
 

Orchards and fruit trees have a huge impact on 

human civilizations starting from ancient times 

with evidences from the antiquity orchards [8, 

20]. These agricultural ecosystems, expanded 

and evolved during time all over the globe 

contributing to the formation of archaic and 

medieval cultural and impressive landscapes 

that we are inheriting today [12, 29]. 

Nowadays, it is well established that traditional 

orchards (i.e. elder than 100 years) may also be 

considered hotspots biodiversity [31]. Old 

orchards, either archaic or traditional, 

supported during millennia the development of 

our civilization also based on the systematic 

observation and better understanding of 

wildlife [2, 22]. Moreover, orchards facilitated 

the connectivity and further development of 

localsô traditional knowledge and local cultural 

values that connect wildlife, orchards and 

spiritual life [23, 25]. 

Today, the remains of traditional orchards all 

over the globe are relevant ecosystems for 

biodiversity conservation either wild species 

and habitats as well as for old fruit tree 

varieties elder than 80-100 years [13, 15]. If 

agriculture is incriminated today as the main 

driver for biodiversity loss [11], traditional 

agro-ecosystems and also traditional orchards 

may teach us that agriculture can support also 

biodiversity. Why we need to reconsider 

agriculture? Because it is impossible to live 

without agriculture [28] and therefore, we need 

to reconsider rather agricultural practices of 

today as well as its evolution for supporting 

biodiversity conservation [7]. 

Romania is a country positioned in the South 

East Europe with the Danube River stretching 

the South of the country, a shore at the Danube 

Delta and whish is crossed by the largest range 

of Carpathian Mountains [9]. This richness in 

landscapes and ecosystems types contributed 

also to the cultural life development and 

covering the entire Carpathians region for 

more than 7,000 years ago [5]. The hilly-

mountain landscape in the peri-Carpathians 

regions is stretching all the length of the 

mailto:mihaela.antofie@ulbsibiu.ro
mailto:iulian.bratu@ulbsibiu.ro
mailto:alexandra.nagy@ulbsibiu.ro
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Carpathians making perfect conditions for fruit 

tree cultivation during time. The analysis of 

different archaic settlements proved that apple 

trees were cultivated for more than 7,000 years 

ago in the Carpathian region and makes the 

fruitsô trees to become part of the archaic 

culture [10, 17, 26]. 

The scope of this article is to survey the apple 

varieties for one representative traditional 

orchard of Roscani, a village positioned in 

Hunedoara County, Romania. The discussions 

with locals came with different traditional 

knowledge that connected the orchards with 

their present and past cultural life.  
 

MATERIALS A ND METHODS  

 

Place and time of investigations. These 

investigations took place in Hunedoara 

County: RoἨcani village (47.455331, 

27.382736) (Map 1). They were conducted 

during 2014 and later during 2018 with the 

support of locals. Locals provided based on 

respecting any ethical principles all data 

related to local names for apple varieties. 

 

 
Map 1. Traditional orchards of Roscani, Hunedoara 

County. All this region still capture remains of former 

traditional orchards that have been developed some 

more than 250 years ago. These orchards are positioned 

at the foot of mountains belonging to Carpathians range. 

Source: https://earth.google.com/, Accessed on 14 

January 2026. 

 

Data collection. All fruits varieties taken 

under study were collected from RoἨcani with 

the support of the locals. They were identified 

for varieties against the British Pomology 

published in 1851 [19] and the Romanian 

Pomology published in 1964 [6]. The fruit 

collection was done in two different periods: 

October of 2014 and November 2018 with the 

support of local people. Local knowledge 

related to old varieties also was investigated. 

All maps were created based on the My maps 

from Google maps [25]. A short 

characterization of local apple varieties related 

to the average size of the fruit, skin and flesh 

color, the size of core is realized. 

 

 
Map 2. Traditional investigated orchard of RoἨcani 

spotted with the support of Google map. It is around 1 

ha cultivated with 121 fruit trees. It can be observed the 

fruit tree rows, the open connectivity with the forest and 

the close related agricultural land and Dobra crick. 

Aerial view created with MyMap Earth Google 

https://earth.google.com/ (45°51'27"N 22°33'24"E). 

Accessed on 14 January 2026. 

 

Economic costs assessment. Associated costs 

to the management of the orchard have been 

investigated (i.e. pesticides use, pruning and 

apple fruits harvesting). 

Data management. All quantitative data have 

been collected in EXCEL and statistically 

analyzed towards standard deviation. 

 

RESULTS AND DISCUSSIONS 

 

RoἨcani is a village belonging to Dobra 

commune in Hunedoara County, located at the 

foot of the hilly area of the Poiana Ruscii 

Mountains belonging to the chain range of the 

Carpathian Mountains, and in close 

connectivity to the PŁdurea Breana and Dobra 

crick. It is mentioned into the Fiscal 

Conscription of Transylvania of 1750 that the 

agricultural land was not fertile (i.e. 

denominated as a sterile land) and the locals 

used to work for other landowners in other 

https://earth.google.com/
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villages [16]. The same document emphasizes 

that the locals used to cultivate spring wheat 

instead of winter wheat due to very low 

temperatures recorded during the winter season 

as well as other cereals. There were no 

mentions related to orchards existence but only 

of vineyards cultivation. However, orchards 

were established late during the XVIII century 

and after 1750. Thus, in less than 15 years, 

RoἨcani was recorded on the maps of 

Transylvania Principateôs published between 

1769 and 1773 as a relevant area for apple 

orchards [21]. Later, this region became 

famous for apple production as well as for 

other services associated with the cultivation of 

fruit trees. 

Today, it is possible to spot, survey and study 

the former traditional orchards that still exists 

and that can be observed when searching on 

Google Earth (Figs. 1-4). The village RoἨcani 

is positioned close to PŁdurea Breana - RoἨcani 

(ROSCI0139) [27] in the region of Covurluiu 

Hills and close to MureἨ river basin 

contributing to the connectivity between 

wildness and inhabited rural areas. 

Identified varieties and local knowledge 

A total of 24 apple varieties and 3 walnut 

varieties have been recorded and they are all 

presented in Table 1.  

There is still a huge diversity among the old 

apple tree varieties as well as other fruit trees. 

There were not yet surveyed the plum trees, 

cherry trees or other fruit-trees. However, the 

walnuts trees considered as locally relevant 

and unique have been surveyed.  

For very rare local varieties a series of images 

are presented in Photo 1. 

The diversity of varieties and number of 

specimens is impressive for a small area of 

orchards and therefore it can be considered as 

a red hotspot of biodiversity for Hunedoara 

County. We are underlying again that this type 

of orchards is similar with those traditional 

orchards settled during the XVIII century. 

Local apple varieties not identified into the 

orchard but discussed with the locals that 

should exists in RoἨcani are as following: 

óAriuἨô, óStruguroaseô, óRoἨu de Clujô, 

óPŁdureἪ din CerŁtô, óVineἨtiô and óRoἨineἪô. 

 

 

Table. 1 Old apple and walnut varieties recorded in 

RoἨcani, Hunedoara County 
Crt. 

no 

Apple tree varieties (Malus domestica 

Borch.)  
No of 

specimens 

1.  Ananas Reinette 2 

2.  Batul-Alma (PŁtul) 6 

3.  Baumann's Reinette  7 

4.  Edelborsdorfer (RO Marĸanschi) 6 

5.  Golden delicious 2 

6.  Golden parmen 3 

7.  Gustav Dauerapfel (Gustav) 3 

8.  Jonathan (Ionatan) 5 

9.  Local óBrŁbudeô 6 

10.  Local 'Frunzos' 6 

11.  Local óBusuioaceô 3 

12.  Local óMurgiô 4 

13.  Local óV©nŁtô or óVioletô  5 

14.  Local óMustos de vieô 8 

15.  Local óCormoἨô 5 

16.  Nemes Sovari Alma (ķovari) 5 

17.  Ponyik alma (Poinic) 4 

18.  PopeἨti 8 

19.  Red Astrachan 8 

20.  
Starking (dublu roἨu RO/ double red 

EN) 
7 

21.  Starkrimson delicious 2 

22.  Szaszpap alma (Popesc RO) 3 

23.  Wild apple tree Malus sylvestris 7 

24.  Winter Pearmain (Parmen auriu) 6 

 
Walnut tree varieties (Juglans 

regia L.) 
 

1.  Local Valea Mare 12 

2.  Local De Vie 8 

3.  Local Deva 6 

Source: original data. 

 

 
Local óMurgiô 

 
Local óRoἨcani Almaô, óV©nŁt de RoἨcaniô 
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óPonyik almaô óPoinic de RoἨcaniô 

 
Local óMustos de vieô 

 

 
óSzaszpap almaô or óPopescô or Local óPopeἨtiô 

 
Local óMustosul de vie de RoἨcaniô 

 
óBatul-Almaô or óLocal óPŁtulô 

 
Local óCormoἨô 

 
Local óBusuioaceô or óRoἨniἪeô 

 

 
Local óBrŁbudeô 

 
Local óDe Devaô 

 
Local óValea Mareô 
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Local óDe la vieô 

Photo 1.  Some relevant old apple and walnut varieties 

from RoἨcani, Hunedoara County. 

Source: original data. 
 

 
Map 2. Other aerial view with the support of Google 

map of traditional orchards in RoἨcani Hunedoara 

County (45.8612, 22.5470). Source: 

https://earth.google.com/, Accessed on 14 January, 

2026. 

 

Orchard characteristics 

Thus, these orchards have the following 

characteristic: more than 10 m distance 

between apple tree rows and 6-10 m between 

trees in a raw, the fruit trees are positioned at 

the border of forests and are open for wild 

animals during autumn and winter season.  

The taller trees are positioned in the border of 

the orchard and among these we recorded 

mainly walnut trees. Wooden enclosers are 

functioning only during spring time and 

summer time up to ripping season. The 

calendar is set towards the Orthodox calendar 

between 24 April till 8 of September in a 

similar way like in Fântânele Sibiu County [3].  

 

 
Map 3. Land use change in Roscani, Hunedoara County. 

A former traditional orchard of around 5 ha was changed 

to agricultural land. Source: https://earth.google.com/, 

Accessed on 14 January 2026 

 
Table 2.  Major apple fruit characteristics for local apple 

varieties recorded in RoἨcani, Hunedoara County 

Crt. 

No. 

Local 

variety 

Fruit 

size 
Major fruit characteristics 

1.  óBrŁbudeô 
6.3 + 

0.8 

Half green-yellow and light red, 

strips and spots for the red quarter, 

medium core and yellowish flesh 

2.  óCormoἨô 4.7+0.9 

Green with reddish quarter and dark 

red stripes, medium core and white 

flesh 

3.  'Frunzos' 6 ± 1.2 Light red with dark red stripes very 

small core and white flesh 

4.  óBusuioaceô 
4.5 ± 

1.70 

Dark and light red with dark red 

stripes medium size core and 

yellowish flesh 

5.  óMurgiô 
5.7 

±1.3 

Redish for more exposed to sun and 

green, darker red stripes and lighter 

spots, medium core and white flesh 

6.  
óV©nŁtô 

(Violet) 

5.7 ± 

1.5 

Dark red with light small spots and 

dark stripes, medium size core, 

yellowish flesh 

7.  
óMustos de 

vieô 

5.2 

±0.8 
Redish for sun exposer and less 

green, very drak red stripes, medium 

core and white flesh 

Source: original data. 

 

Local identified varieties  

In the same way like in case of Fântânele from 

Sibiu County, the apple-tree varieties from 

RoἨcani Hunedoara County, were cultivated to 

cover the needs for a whole year. At least 7 

local apple varieties have been recorded and 

described in Table 2. Starting with the summer 

time apples such is the case of óFrunzos de vieô 

to óBrŁbudeô all apple cultivars respond the 

localsô requirements. Local óRoἨniἪeô or 

óBusuioaceô is a red apple variety, medium size 

to small that were used in the past for 

Christmas tree decoration. The apple as a 

https://earth.google.com/
https://earth.google.com/
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species covers also the cultural life of locals 

and local gastronomy too.  

Among the most appreciated by locals is the 

local óV©nŁtulô (dark red) which is the sweetest 

among all apple varieties and according to 

locals it was mentioned starting with the XVII 

century. It was long time lost the origin of this 

cultivar according to the locals.  

It can be considered that the local óMurgiô is 

very rare in this county and it is considered that 

it is unique by the locals, and not very sweet. 

Based on these observations some relevant 

studies should start and it should be more than 

an obligation to start conservation measures. 

The fruits can be consumed later up to the 

spring time. 

The walnut trees are also popular due to their 

use in the cuisine and for ceremonies 

connected to Orthodox calendar. As an 

example, during the St Mary on 15 of August 

it is the custom to holly the walnut branches for 

the health of the houses.  

Major threats  

The RoἨcani basin of orchards that stretches 

between RoἨcani and Panc villages and the 

MureἨ river basin can be officially recognized 

as a hotspot reservoir for agri-biodiversity of 

national and European importance for the 

conservation and sustainable use of plant 

genetic resources for food and agriculture in 

supporting food security for the future (Map 3).  

We may add herewith the need for recognition 

of continuing traditional agricultural practices 

that had not changed too much for more than 

one century. However, the orchard land use 

changed mostly during the past 35 years. Such 

changes can be seen in Maps 3 and 4.  

More than 5 ha of traditional orchards were 

changed towards agricultural land for crop 

cultivation. The removal of all fruit trees and 

their replacement with agricultural land for 

crops will contribute to the decrease of 

biodiversity and this practice should be 

stopped.  

Based on further discussions with the local 

more than 33 traditional orchards basins still 

exist in the region with more than 250 years of 

existence. Similar studies have been conducted 

in Europe [30] and it is well established already 

that they are among the best multifunctional 

farming systems. Moreover, these farming 

systems are providing support for wildlife as 

well and therefore they are very important for 

biodiversity conservation [4, 22]. In Romania 

a series of studies [14] have reflected the 

importance of old apple varieties [1, 18] and a 

complete survey should further reveal new 

features that can be used for biodiversity 

conservation as a whole. 

Economic importance of the traditional 

fruit trees varieties 

Traditional orchards are living gene banks for 

breeders and conservationists relevant for 

ensuring food security for long term if they are 

placed in remote rural areas of the main cities 

where other agricultural activities are not easy 

to be developed [3]. 

Traditional orchards are ensuring local needs 

for fruits either for fresh consumption either for 

inhouse processing (i.e. jams, compotes, 

vinegar, apple brandy or for feeding livestock). 

The fresh fruits from RoἨcani are usually sold 

into local fairies during autumn ensuring some 

financial incomes. Thus, the local price for 

apple fruits in the village for 2018 was of 3 lei/ 

kg (i.e. 0.21 Euros/kg for 2018) and a family 

was able to sell a maximum amount of around 

500 kg/ fair with a maximum amount of 321 

Euros. Usually, these families are selling to 

customers from cities that are aware about the 

quality of these fruits. 

The management costs for these orchards 

refers mainly to the pruning and harvesting 

costs that usually are in house. In case a family 

needs some help the total costs should be 

around 320 Euros for 100 trees for one person 

per season for 2018.  

The total apple fruit yield in 2018, for 1 ha 

orchard was 7,800.00 kg and off this for local 

apple varieties was 2,570.00 kg (Table 3).  

A cost-efficient productivity highly depends on 

the age and the healthy status of the trees, 

considering that most of the apple trees are 

over 80 years old. Due to the lack of use of 

fertilizers and pesticides, as well as due to the 

lack of professional pruning these orchards are 

losing between 30 up to 80% of the initial apple 

varieties specimens starting with more than 80 

years ago.  Due to the loss of these resources 

the owners are changing the land use mainly 

towards crops cultivation. Later, the aging of 

population, young generation migration to the 
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cities further contribute to the abandonment of 

these orchards due to costs associated to 

traditional pruning and harvesting [3].  
 

Table 3. Apple yield by local varieties/0.3 ha (no. 

fruits/tree and kg/tree/year in 2018 

Variety  

No. of 

apples 

trees 

Average 

kg fruits 

/tree 

Total 

(kg) 

Local óBrŁbudeô 6 5 ± 0.81 360 

Local 'Frunzos' 6 5.5 ± 1.24 415 

Local óBusuioaceô 3 4.5 ± 0.45 340 

Local óMurgiô 4 7.6 ± 0.57 415 

Local óV©nŁtô or 

óVioletô  
5 5.2 ± 0.95 

380 

Local óMustos de 

vieô 
8 4.5 ± 0.54 

300 

Local óCormoἨô 5 5 ± 0.63 360 

Total 37  2,570 

Source: original results. 

 

The selling of the fruit as well as the 

maintenance of these living gene banks are not 

yet supported at the governmental level based 

on incentives for apple breeding, biodiversity 

conservation needs and for ensuring food 

security for long term. Thus, these landmarks 

of our history are threatened with erosion even 

they proved that can support the living of local 

communities. 

 

CONCLUSIONS 
 

Traditional orchards as multifunctional 

farming systems in RoἨcani, Hunedoara 

County, are open agro-ecosystems towards the 

wildlife positioned in the border of forests and, 

covering a not fertile soil. At least 24 old apple 

varieties have been recorded and some 

traditional cultural values related to some of 

these local apple varieties and walnuts have 

been identified. The revenues based on the 

production of this orchard can support self-

sufficiency costs at a family level. These 

orchards are already defining the historical 

identity of this local community.  

The most negative agricultural practice from 

biodiversity conservation point of view is the 

land use change by converting the traditional 

orchards into a not fertile agricultural land for 

crop cultivation. It should be taken into 

consideration due to anthropic pressure and 

climate change the economic value of 

biodiversity lose. Thus, in case of losing these 

traditional orchards it should be calculated the 

economic value of the loss or decrease of 

ecosystem services, such as: pollinators, clean 

water and air, soil erosion, carbon 

sequestration and climate change crisis. We 

may add the buffering role of these orchards at 

the landscape scale as they are positioned 

between wilderness and human settlements and 

may fight against climate change effects and 

furthermore, they may ensure food security for 

the future in remote rural communities. 
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Abstract 

 

Pomegranate fruit matures through coordinated physiological and structural changes that influence color, flavor, 

and overall quality, making harvest timing critical to achieve high total soluble solids (TSS), desirable color, and 

consumer acceptability. This study examined maturity indices during fruit development and developed a simple 

harvesting machine to collect fruits at optimal quality under both laboratory and field conditions. Laboratory 

experiments evaluated the relationship between fruit neck moisture content (22, 26, 36, and 46%) and key maturity 

indicators, including neck shear force, color kinetics, and TSS, revealing that the best quality occurred at 26% neck 

moisture, corresponding to full ripening, where color and TSS values were maximized. Field experiments assessed 

the manufactured harvesting machine at cutting disc speeds of 1,100, 1,180, 1,250, and 1,320 rpm (7.49ï8.98 m/s) 

and cutting-edge tilt angles of 0, 12, 21, and 32°, measuring productivity, fruit damage, specific energy, and criterion 

cost. The optimal machine performance was achieved at 1,250 rpm and a 21° tilt angle, where productivity reached 

2,520 fruit/h, fruit damage was limited to 1.71%, energy consumption was 0.020 kWh/Mg, and criterion cost was 

418.94 LE/Mg. These findings highlight that harvesting guided by fruit maturity indices ensures superior product 

quality, while the developed machine provides an efficient, low-damage, sustainable, and cost-effective technological 

solution for improving pomegranate harvesting operations and supporting modern orchard management practices. 

 

Key words: pomegranate, fruit maturity, neck moisture content, total soluble solids (TSS), harvesting machine,   

                   productivity, postharvest quality, economic efficiency 

 

INTRODUCTION  
 

Pomegranates (Punicagranatum L.) are 

nutrient-rich fruits widely consumed 

worldwide and represent one of Egyptôs most 

significant fruit crops. They are utilized as food 

and play roles in the pharmaceutical, cosmetic, 

and export industries in Europe. Pomegranates 

possess numerous clinical applications due to 

key phytochemicals such as ellagic acid, 

ellagitannins, punic acid, estrogenic 

flavonoids, anthocyanins, and flavones. 

Fateh et al. [6] reported that these constituents 

contribute to treating ulcers, snakebite, 

diarrhea, dysentery, hepatic damage, 

helminthiasis, acidosis, bleeding, and 

respiratory problems. Karaaslan et al. [15] 

demonstrated that pomegranate extracts can 

inhibit the growth of human liver cancer cells. 

Hussein et al. [10] emphasized the strong 

antioxidant and phytonutrient potential of 

pomegranates, highlighting their medical and 

nutritional benefits. 

Regarding fruit quality, Spielmanns et al. [22] 

noted that attributes such as color, hardness, 

glossiness, shriveling, and physicochemical 

properties reflect maturity. Boussa et al. [2] 

clarified that skin color alone does not ensure 

edibility, as internal characteristics like total 

soluble solids (TSS) and acidity must meet 

market standards. Khodabakhshian et al. [16] 

found that consumer and processor acceptance 

depend on several factors, including size, mass, 

aril yield, skin and aril color, sugar content, 

acidity, and flavor. 

In harvesting research, El-Iraqi et al. [4] 

developed four tool prototypes (electrical disk 

cutter, electrical scissors, mechanical disk 

cutter, and hook) for mango fruit, with 

electrical scissors giving the lowest fruit injury 
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(3ï4%). Jafari and Bakhshipour [12] observed 

that pomegranate harvesting remains largely 

manual, making it labor-intensive, costly, and 

harmful to workersô health. Mayuoni-

Kirshinbaum et al. [20] stressed that fruits must 

be harvested at optimum maturity for quality 

and shelf life. Mohammad-Shafie et al. [18] 

confirmed that pomegranates are prone to 

bruising from improper harvesting and 

handling. Masum et al. [19] highlighted that 

machine harvesting varies in efficiency, with 

powered machines suited for large-scale 

orchards while handheld pickers remain 

popular in smaller farms. 

Studies on mechanical harvesting parameters 

show quality effects. Torregrosa et al. [23] 

reported that adjusting the catching surface tilt 

angle reduces impact energy. Zhou et al. [25] 

found that bruise damage decreased by 70% at 

a 60° tilt compared with a horizontal surface. 

Mohamed [21] noted that cutting efficiency 

increased with saw disc linear speed. Zhao et 

al. [24] showed that wolfberries remained 

undamaged at impact angles of 10ï30°. El-

Termezy et al. [5] tested a toothed-disc 

machine for pomegranates and found energy 

use rose with disc speed but dropped with 

toothed discs. Al-Gezawe [1] built a sensor-

equipped harvesting tool for citrus, effective at 

17.66 m/s disc speed with 80 teeth. HOU et al. 

[8] concluded that selecting the correct fruit 

plate angle significantly lowers damage. 

In Egypt, pomegranates are still harvested 

manually, often causing rind damage and yield 

loss.  

This study, therefore, focuses on identifying 

the optimal maturity stage for harvesting, 

designing and fabricating a simple machine 

from local materials, and optimizing its 

operating conditions, followed by economic 

evaluation. The novelty lies in offering a low-

cost, locally manufactured solution specifically 

tailored for pomegranates, aiming to reduce 

fruit damage, labor dependence, and 

postharvest losses compared with traditional 

methods and existing crop-specific machines. 

 

MATERIALS AND METHODS  

 

All of the experiments were conducted at a 

private farm, El Basatin Association, Abu 

Shalabi, Faqous, Sharkia Governorate, Egypt, 

over the years 2022 to 2023, for measuring the 

gradient of pomegranate fruit maturity signs to 

identify the stage of high product quality. 

Then, the harvesting operation of 

pomegranates was conducted from 1 to 30 

October 2023, (90 ï 120) days after flowering, 

using the manufactured pomegranate 

harvesting machine. 

Materials 

Pomegranate trees  

Experiments were conducted on two 

pomegranate varieties, Wonderful and 

Manfaluti, with tree spacing of 3 × 4 m and an 

average yield of 150ï200 fruits per tree. The 

main physical properties affecting mechanical 

harvesting performance were measured for 20 

fruits, following Jithender et al. [13] and El-

Termezy et al. [5], and are summarized in 

Table 1. 

 
Table 1. The pomegranate's physical properties 

 Pomegranate 

Wonderful Manfaluti 

Average S.D C.V(%) Average S.D C.V.(%) 

Height, mm 79.2 8.52 10.75 78.26 7.1 9.07 

Width, mm 85.82 7.98 9.3 84.09 7.12 8.46 

Diameter, mm 86.93 7.98 9.17 85.12 7.04 8.27 

Mass, g 380.26 27.6 7.26 367.71 22.92 6.23 

Volume, mm3 1,364,109 411,077.1 30.14 1,284,492 331,595.1 25.82 

Surface area, mm2 104,019.3 19,535.46 18.78 99,785.41 16,571.76 16.61 

Diameter, mm 141.54 141.54 100 138.03 138.03 138.03 

Sphericity 63,318.36 10,444.7 16.5 60,121.49 8,444.76 14.05 

Source: Own experimental results (measured following Jithender et al. [13] and El-Termezy et al. [5]). 

 

The machine for pomegranate harvesting  Using locally available materials, a simple 

machine was fabricated to harvest 
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pomegranate fruits and overcome the high-

power demand and cost associated with 

imported equipment. The machine was 

constructed in a private workshop in El-

Sharkia Governorate, Egypt, specifically for 

this purpose. Its lightweight structure allows 

telescopic access to fruits located high on the 

tree. To minimize damage, the design also 

ensured cutting at the correct stem position. 

The main components and schematic layout of 

the manufactured harvesting machine are 

illustrated in Fig. 1. 

 

 

Item No. Part Name 

1 Tube 

2 Shaft 

3 Disc 

4 Drill  

6 Bush 
 

         

Dimensions in 

mm. 
 

Fig. 1. The manufactured pomegranate harvesting 

machine. 

Source: Own experimental results. 

 

The main components of the manufactured 

pomegranate harvesting machine are as 

follows: 

-The cutting disc 

The alloy steel used to make the teethed cutting 

disc had a diameter of 125 mm and a thickness 

of 1 mm. A ball bearing was used to secure the 

cutting disc to the disc base. On the upper end 

of the telescopic carrier and transmission shaft, 

the ball bearing was fixed (Fig. 2).  

A protective metal cover was fitted over the 

toothed cutting disc to shield tree leaves and 

branches from the rotating blades. For cutting, 

only a 50 mm section of the disc circumference 

was left uncovered to allow efficient removal 

of pomegranate fruit twigs. 
 

 

Fig. 2. The cutting disc 

Source: Own experimental results. 
 

-Power sources 

The machine was powered by a 12 V, 1.5 A dry 

lithium-ion battery, supported with a fast 

charger for rapid backup. The battery was 

suspended in a shoulder bag for operator 

convenience. Motion was supplied by a DC 12 

V motor, with a shaft speed of 1500 rpm 

reduced to 300 rpm under load. The motor 

provided an output power of 18 W and a torque 

of 20 N·m (Figs. 3 and 4). 

 

 
Fig. 3. DC 12 V motor 

Source: Own experimental results. 
 

Transmission system and electrical 

components  

The transmission method was chosen to ensure 

that the electrical motors would always have 

electricity. An electrical line located inside the 

telescopic pick-up hand stick carried the current 

to the motors. 
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Fig. 4. The battery 

Source: Own experimental results. 

 

Methods 

Two main experiments (laboratory and field) 

were carried out:  

Laboratory experiments 

The laboratory experiments were conducted 

during 2022ï2023 on Wonderful and 

Manfaluti pomegranate varieties to identify the 

stage of highest product quality. Ten fruits 

from each variety were randomly selected, and 

maturity was assessed by recording skin color 

changes and total soluble solids (TSS) at 

different moisture contents. 

Experimental conditions of the laboratory 

experiment 

Experiments were conducted on Wonderful and 

Manfaluti pomegranate varieties to measure the 

gradient of fruit maturity signs under four neck 

moisture contents (46, 36, 26, and 22%).  

Measurements and determinations of the 

laboratory experiment 

The evaluation was conducted by measuring 

color kinetics, percentage of total soluble solids 

(TSS), and fruit neck shear force. 

-Measurements of color kinetics 

Color of pomegranate juice (PJ) samples was 

measured using a spectrophotometer (Minolta 

CM-3600d, Osaka, Japan) and a handheld CR-

10 color reader (Konica Minolta, Japan) (Fig. 

5a). Measurements were expressed in CIE 

coordinates (L*, a*, b*), with chroma (C*) and 

hue angle (H°) calculated from a* and b*. A C 

illuminant and 10° standard observer were 

applied. 

-Determination of total soluble solids (TSS) 

Total soluble solids (TSS) of pomegranate juice 

were measured using a digital refractometer 

(PAL-1, Atago, Tokyo, Japan) (Fig. 5b). 

-Measurements of fruit neck shear force 

Fruit neck shear force was measured for ten 

pomegranate samples using a Series FGE-XY 

Digital Force Gauge (Shimpo, Japan), which 

provides high precision with a compact design. 

The sensor was connected to the torque gauge 

via a standard chuck adapter, and the device was 

supplied with calibration and accessory tools 

(Fig. 5c). 

 

   
  

Fig. 5. Measuring device (a) Color reader, (b) 

Ahandheld refractometer, and (c) Shear force 

Source: Own experimental results. 

 

Field experiments 

The experimental pomegranate harvesting 

machine was tested under various operating 

conditions during the year 2023 as part of the 

field experiment. 

-Experimental conditions of the field 

experiment 

The effectiveness of the manufactured 

pomegranate harvesting machinery during the 

harvesting of pomegranates (wonderful variety) 

was investigated through experiments under 

four different cutting disc speeds of 1,100, 

1,180, 1,250, and 1,320 rpm (corresponding to 

7.49, 8.03, 8.51, and 8.98 m/s) and four different 

cutting-edge tilt angles (0, 12, 21, 32 deg) (Fig. 

6).  

 

 

Fig. 6. Cutting-edge tilt angles 

Source: Own experimental results. 

 

Measurements and determinations of the field 

experiment 

(a) (b) (c) 
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The following measures were considered when 

assessing the manufactured pomegranate 

harvesting machine's performance: 

-Machine productivity  

Total harvesting time and number of harvested 

fruits were used to calculate machine 

performance. Total harvesting time for a full 

working day was recorded to determine 

average machine productivity. The total time 

included selecting and cutting the fruits, and 

the time required to transport the machine 

between the trees within the field. Machine 

performance was determined by the following 

equations [5]: 

Machine Productivity, (Fruit/h)
No. of fruits

Harvesting time
 

...................................................................(1) 

-Fruit damaged ratio 

The percentage of damaged fruits and the 

percentage of visible damage in the harvested 

fruits as a result of their falling to the ground 

or being sliced by the harvesting equipment 

were used to calculate the fruit-damaged ratio. 

The following equation was used to calculate 

the fruit damage ratio  

 

Fruits damaged ratio, (%)
No. of damaged fruits

No. of total fruits
ρππ 

.....................................................................(2) 

-Specific energy 

This is the calculation of the specific energy 

needed to run the harvesting machine: 

 

Specific energy, (kW.h/Mg)
Required power, kW

Machine productivity, Mg/h
 

.....................................................................(3) 

Required power for operating the harvesting 

machine was estimated by using a super-clamp 

meter (KEW SNAP 2007 A, made in 

Thailand). Using the following formula, the 

consumed power was determined based on 

potential differences and current intensity [1, 3, 

11]: 

ὖ
Ὅ ὠ – ὅέί—

ρȟπππ
 

.............................................................................(4) 

where:  

P = The required power, kW;  

I = The current intensity, Amperes;  

V = The potential difference; Voltage being equal 

to 220 V;  

Cos ɗ = The power factor (being equal to 0.84);  

ɗ = The phase angle between V and I;  

ɖ = The mechanical efficiency (assumed to be 

95%). 

-Criterion cost  

According to Kumar and Goss [17], the 

criterion cost was calculated as follows: 

Criterion costs (LE/Mg) = Operational cost + 

Total fruit damaged cost 

The following calculation was used to 

determine the operational cost: 

 

Operational cost LE/Mg 
Machine hourly cost LE/h

Machine productivity Mg/h
 

....................................................................(5) 

The total fruit damage cost was estimated using 

the following formula: 

ὝέὸὥὰὪὶόὭὸὨὥάὥὫὩὨὧέίὸ ὒὉȾὓὫ 
 ὓὥίίέὪὸέὸὥὰὪὶόὭὸὨὥάὥὫὩὨ 
 ὖὶὭὧὩέὪὓὫέὪὖέάὩὫὶὥὲὥὸὩ 

.....................................................................(6) 

According to Kepner et al. [14] and Hunt [9], 

the hourly cost of the harvesting machine is 

determined using the traditional method of 

assessing both fixed and variable costs.  

ὓὥὧὬὭὲὩ Ὤέόὶὰώ ὧέίὸ ὒὉȾὬ 

 ὊὭὼὩὨ ὧέίὸ  ὠὥὶὭὥὦὰὩ ὧέίὸ 

.....................................................................(7) 

 

RESULTS AND DISCUSSIONS 

 

The following headings were used to present 

and explain the results: 

Results of the laboratory experiment 

The laboratory experiment evaluated maturity 

gradients of Wonderful and 

Manfalutipomegranates using fruit neck shear 

force, total soluble solids (TSS), and color 

kinetics to identify the stage of good quality. 

Effect of fruit neck moisture content on color 

kinetics  

The effects of pomegranate fruit neck moisture 

content on the fruit maturity indices regarding 

color kinetics were studied and evaluated. 

Table 2 shows the average values of coefficient 

lightness (L), redness (a), yellowness (b), hue-

angle (H), and color-tone (C) at the different 

fruit neck moisture contents of 46%, 36%, 

26%, and 22%. 
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Table 2. Value of color developing degrees at different fruit neck moisture contents 
Fruit 

neck 

moisture 

content, 

Color Development Degree 

L a b H C 

% Wonderful Manfluti  Wonderful Manfluti  Wonderful Manfluti  Wonderful Manfluti  Wonderful Manfluti  

46 65.17 56.47 20.87 20.64 39.16 33.88 70.42 42.05 29.22 27.3 

36 49.13 48.13 29.11 27.85 31.16 26.9 66.41 36.47 31.53 29.41 

26 39.30 35.60 45.23 38.29 16.67 14.87 37.03 22.67 40.33 38.2 

22 29.30 32.85 34.59 31.52 14.01 12.51 21.68 20.48 49.62 40.3 

Source: Own experimental results. 

 

A consistent hue representation produced from 

L, a, and b color spaces is essential for data 

processing and interpretation. The best values 

for coefficients L, a, b, H, and C were 39.30, 

45.23, 16.67, 37.03, and 40.33, respectively, 

for the pomegranate Wonderful variety and 

35.30, 38.29, 14.87, 22.67, and 38.2 for the 

pomegranate Manfaluti variety, both at a 

pomegranate fruit moisture content of 26%. 

Then, it was found that the best color intensity 

with the best color consistency was at a fruit 

neck moisture content of 26%, which might 

beconsidered the stage of full ripening of the 

pomegranate fruit.  

Effect of fruit neck moisture content on total 

soluble solids 

Table 3 shows the average values of total 

soluble solids for the two pomegranate 

varieties (Wonderful and Manfaluti) under 

different pomegranate fruit neck moisture 

contents. The obtained results show that the 

optimum total soluble solids value was 

achieved at a fruit neck moisture content of 

26% under which the total soluble solids were 

13.05 for pomegranate (Wonderful variety) 

and 13.62 for pomegranate (Manfaluti variety). 

The results of total soluble solids obtained 

above prove that the fruit neck moisture 

content of 26% could be considered the 

moisture content of full ripening of the 

pomegranate fruits.  

Effect of fruit neck moisture content on fruit 

neck shear force  

Table 4 shows the fruit neck shear force values 

compared to the pomegranate fruit neck 

moisture content values.  

The obtained results show that the high values 

of fruit neck moisture content decrease the 

values of fruit neck shear force because the 

fruits are immature, as the immature fruits have 

high moisture content are easy to cut. With 

increasing maturity, the neck of the fruit 

becomes more solid, requiring a high shear 

force to be cut. The required shear force for 

cutting pomegranate fruits is 4.45 and 4.02 N 

for Wonderful and Manfaluti varieties, 

respectively, at the fruit neck moisture content 

of 26%.  
 

Table 3. Effect of moisture content in fruit necks on TSS 

(total soluble solids)  
Fruit neck moisture 

content, % 

TSS, % 

Wonderful  Manfaluti  

46 7.64% 9.4% 

36 8.84% 11.18% 

26 13.05% 13.63% 

22 10.51% 11.32% 

Source: Own experimental results. 

 
Table 4. Fruit neck shear force values at different fruit 

neck moisture contents 
Fruit neck moisture 

content, % 

Fruit neck shear force, N 

Wonderful  Manfaluti  

46 1.12 1.07 

36 1.99 1.94 

26 3.59 3.43 

22 4.45 4.02 

Source: Own experimental results. 
 

Results of the field experiment 

The field experiment was concerned with 

studying the performance of the manufactured 

machine during the harvesting of pomegranate 

fruits (Wonderful variety). The field experiment 

was carried out based on the recommended 

value of fruit neck moisture content (26%), 

which was achieved from the laboratory 

experiment to guarantee reaching full fruit 

maturity for preserving fruit quality overall, a 

high total soluble solids (TSS) content, and 

good color.  

The relationship between cutting disc speed and 

cutting-edge tilt angle on machine productivity 
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Machine productivity increased with cutting 

disc speed up to 1,250 rpm, then declined at 

1,320 rpm due to vibration and stem 

displacement that caused fruit damage, 

consistent with Al-Gezawe [13]. Productivity 

also improved with tilt angle up to 21°, but 

dropped sharply at 32° because of poor cutting 

geometry. The optimum operating conditions 

were identified as 1,250 rpm disc speed with a 

21° tilt angle, in agreement with Zhou et al. 

[13]. 

 

 
Fig. 7. Cutting disc speed's effect on machine productivity 

at various cutting-edge tilt angles 

Source: Own experimental results. 

 

The relationship between cutting disc speed and 

cutting-edge tilt angle on the fruit-damaged 

ratio 

The obtained results in Fig. 8 show that the 

fruit damage ratio is affected by both cutting 

disc speed and cutting-edge tilt angle. 

When cutting disc speed was taken into 

consideration, the results obtained indicated 

that, while the fruit damaged ratio decreased up 

to 1,250 rpm, it increased when disc speed was 

increased from 1,250 rpm to 1,320 rpm. Fruit 

damaged ratios decreased from 3.98 to 2.50, 

from 3.31 to 2.38, from 3.06 to 1.71, and from 

4.44 to 2.92%, respectively, when the cutting 

disc speed was increased from 1,100 to 1,250 

rpm, measured at various cutting-edge tilt 

angles of 0, 12, 21, and 32 degrees. Under the 

same previous conditions, a further increase in 

cutting disc speed from 1250 to 1320 rpm 

resulted in a fruit damage ratio increase of 2.50 

to 4.93, 2.38 to 3.59, 1.71 to 3.91, and 2.92 to 

6.31%, respectively. Fruit damage ratio 

increased at high cutting disc speeds because the 

harvested fruits have lower quality 

specifications due to the high vibration of the 

cutting disc that tends to push branches instead 

of cutting stems, resulting in high fruit damage. 

These results agreed with the results obtained 

byEl-Termezy et al. [5]. 

 

Fig. 8. Change of cutting disc speed to fruit damaged ratio 

under various cutting-edge tilt angles 

Source: Own experimental results. 
 

According to the results obtained, increasing 

the cutting-edge tilt angle decreased the fruit-

damaged ratio by up to 21 degrees, as shown in 

Fig. 8. The result relates to the effect of cutting-

edge tilt angles on the fruit-damaged ratio. The 

fruit-damaged ratio tends to increase with each 

additional degree of cutting-edge tilt angle 

increase, from 21 to 32 degrees. Increasing the 

cutting-edge's tilt angle from 0 to 21deg, 

measured at different cutting disc speeds of 

1,100, 1,180, 1,250, and 1,320 rpm, decreased 

the fruit-damaged ratio from 3.98 to 3.06, from 

3.27 to 2.12, from 2.50 to 1.71 and from 4.93 

to 3.91 %, respectively, and then fruits 

damaged ratio increased from 3.06 to 4.44, 

from 2.12 to 3.69, from 1.71 to 2.92 and from 

3.91 to 6.31 %, respectively by increasing 

cutting edge tilt angle from 21 up to 32 deg.  

This agrees with [24]. 

Cutting-edge tilt angle and cutting disc 

speed's effects on specific energy 

Table 5 shows that the specific energy is 

influenced by both cutting disc speed and 

cutting-edge tilt angle. The specific energy is 

also affected by the machine's productivity.  
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The results obtained on the effect of cutting 

disc speed on specific energy showed that 

specific energy decreased when the cutting 

disc speed was increased from 1,100 to 1,250 

rpm. Specific energy values will increase when 

the cutting disc speed increases to between 

1,250 and 1,320 rpm. At various cutting-edge 

tilt angles of 0, 12, 21, and 32 degrees, 

increasing the cutting disc speed from 1,100 to 

1,250 rpm resulted in a decrease in specific 

energy of 0.048 to 0.027, 0.034 to 0.019, 0.036 

to 0.020, and 0.071 to 0.054 kWh/Mg, 

respectively. Under the same previous 

conditions, the cutting disc speed increase from 

1,250 rpm to 1,320 rpm resulted in an increase 

in specific energy of 0.027 to 0.036, 0.024 to 

0.033, 0.020 to 0.027, and 0.054 to 0.061 

kWh/Mg, respectively. When cutting disc 

speed is increased over 1250 rpm, specific 

energy increases because machine productivity 

decreases in accordance. These results agreed 

with the results obtained byEl-Termezy et al. 

[5]. 
 

Table 5. Cutting disc speed's effect on specific energy at 

various cutting-edge tilt angles 
Cutting-

edge tilt 

angle, 

deg 

Cutting disc speed, rpm 

1,100 1,180 1,250 1,320 

0 0.048 0.032 0.027 0.036 

12 0.046 0.030 0.024 0.033 

21 0.036 0.026 0.020 0.027 

32 0.071 0.061 0.054 0.061 

Source: Own experimental results. 
 

The data measured regarding the effect of 

cutting-edge tilt angle on specific energy 

indicated that a decrease in specific energy of up 

to 21 degrees was observed when the cutting-

edge tilt angle was increased. Any further 

increase in the cutting-edge tilt angle from 21 up 

to 32 degrees tends to increase specific energy. 

At various cutting disc speeds of 1,100, 1,180, 

1,250, and 1,320 rpm, increasing the cutting-

edge tilt angle from 0 to 21 degrees resulted in 

a decrease in specific energy of 0.048 to 0.036, 

0.032 to 0.026, 0.027 to 0.020, and 0.036 to 

0.027 kWh/Mg, respectively. Then, by 

increasing the cutting-edge tilt angle from 21 to 

32 degrees, specific energy increased from 3.06 

to 4.44, from 2.12 to 3.69, from 1.71 to 2.92, and 

from 3.91 to 6.31 kWh/Mg, respectively. The 

increase in specific energy by decreasing the tilt 

angles of the cutting-edge and fastening the 

cutting disc is because of the corresponding 

decrease in machine productivity. This agrees 

with [12]. 

Cutting-edge tilt angle and cutting disc 

speed's effects on the criterion cost 

An economic comparison was carried out 

between manual harvesting and the 

manufactured harvesting machine to harvest 

one Mg of pomegranate. 

The manual harvesting of pomegranates was 

carried out using two laborers. Only one 

laborer was used for operating the 

manufactured pomegranate harvesting 

machine. The daily hire of a skilled worker for 

manual harvesting was 300 LE, and the daily 

hire of a normal worker for operating the 

manufactured harvesting machine was 150 LE. 

Table 6 shows that the mean value of the 

hourly cost (LE/h) required for harvesting 

pomegranate using the manufactured 

harvesting machine is lower than manual 

harvesting by 49.70%. This trend results from 

the fact that harvesting by hand costs more than 

harvesting with manufactured harvesting 

equipment, both in terms of list price and daily 

labor hiring. 

Table 6. Cost analysis of pomegranate harvesting using 

manual and machine 

Costs 
Manual 

harvesting 

Manufactured 

machine 

Difference 

amount % 

Hourly Cost, LE/h 75.02 37.73 -37.29 -49.70 

Operating Cost, 

LE/Mg 

214.35 42.78 -171.57 -80.04 

Fruit damaged Cost, 

LE/Mg 

437.50 76.86 -360.64 -469.22 

Criterion Cost, 

LE/Mg 

651.85 119.64 -532.21 -81.65 

Source: Own experimental results, calculated following 

Kepner et al. [14], Hunt [9], and Kumar and Goss [17]. 

However, compared to manual harvesting, the 

mean operational cost (LE/Mg) of using a 

produced harvesting machine is 81.65% lower. 

This trend can be caused by the reality that 

harvesting by manufactured harvesting 

machines is more productive than harvesting 

manually. These results agreed with Hassan 

[7]. 

Fig. 9 shows that the criterion cost is 

influenced by both cutting disc speed and 

cutting-edge tilt angle. The criterion cost 
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values are also affected by the machine 

productivity and the amount of fruit damaged 

during the harvesting operation. When the 

machine productivity increases, the operating 

cost will decrease, thus reducing the criterion 

cost, and in addition, the degree of fruit damage 

revealed the reverse.  

Fig. 9. Effect of cutting disc speed on criterion costs at 

various cutting-edge tilt angles 
Source: Own experimental results. 
 

The results obtained regarding the effects of 

cutting disc speed on the criterion cost 

indicated that the cost of the criterion increased 

when the cutting disc speed increased from 

1,100 to 1,320 rpm.  

By increasing the cutting disc speed from 

1,100 to 1,320 rpm, the criterion cost increased 

from 475.86 to 695.95, from 419.88 to 558.96, 

from 459.70 to 712.28, and from 429.41 to 

591.81 LE/Mg, respectively, when measured at 

varied cutting-edge tilt angles of 0, 12, 21, and 

32 deg.  

It is noticed that the cutting disc speed of 1,250 

rpm recorded the minimum criterion cost 

values under any cutting-edge tilt angle.  

Because of an increase in the fruit-damaged ratio, 

the criterion cost values increased when the 

cutting disc speed was increased from 1,250 rpm 

to 1,320 rpm. 

Concerning the effect of cutting-edge tilt angle 

on the criterion cost, the results showed that an 

An increased cutting-edge tilt angle was 

associated with a decreased criterion cost. 

Increasing the cutting-edge tilt angle from 0 to 

32 deg, measured at different cutting disc 

speeds of 1,100, 1,180, 1,250, and 1,320 rpm, 

decreased the criterion cost from 475.86 to 

429.41, from 530.15 to 399.31, from 476.03 to 

357.06, and from 695.95 to 591.81 LE/Mg, 

respectively. Because of an increase in 

machine productivity and a decrease in the 

ratio of fruit damaged, the criterion cost values 

decrease as the cutting-edge tilt angle 

increases. 

 

CONCLUSIONS 

 

Pairing a simple neck-moisture maturity cue 

with a lightweight, low-cost, battery-powered 

harvester delivers a practical, field-ready path 

to more consistent, lower-effort pomegranate 

harvesting. At the adopted optimal settingð

disc speed 1,250 rpm with 21° cutting-edge 

tiltðthe machine balances fruit quality, 

throughput, and energy use while reducing 

reliance on manual labor and improving 

operator safety. The economic advantage is 

clear: the criterion cost drops to å418.94 LE 

per ton, demonstrating that maturity-guided 

scheduling with appropriate engineering 

tuning provides a scalable, locally 

manufacturable, and cost-effective solution. 
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Abstract 

 

This paper analyses the evolution of agri-food trade between the European Union (EU) and the Common Market of 

the South (MERCOSUR) over the period 2014ï2024, with a particular focus on trade balances, importôs structure, 

and implications for EU farmers. The study is based exclusively on secondary data and uses official statistics from 

the International Trade Centre (ITC) Trade Map database and the European Commissionôs Directorate-General for 

Agriculture and Rural Development (DG AGRI). The methodological approach combines descriptive analysis of trade 

values with a structural interpretation of import patterns by product group and Member State, allowing the 

identification of concentration, asymmetries, and sensitivity to external factors. The results show a persistent and 

increasing agri-food trade imbalance, with EU imports from MERCOSUR significantly exceeding exports, reflecting 

strong structural specialisation between the two regions. EU agri-food imports are highly concentrated in a limited 

number of product groups, notably oilseeds and protein crops, beef, poultry, cereals, and sugar, and are dominated 

by a small number of Member States such as the Netherlands, Spain, Germany, Italy and Portugal. The analysis 

highlights pronounced volatility over time, particularly around the COVID-19 period and during the recent global 

commodity price surge, raising concerns related to market pressure, competitiveness, and resilience for EU farmers. 

The findings underline the strategic importance of MERCOSUR for the EU agri-food system and provide a descriptive 

basis for assessing the potential impacts of a future EUïMERCOSUR trade agreement. 

 

Key words: agri-food imports, trade balance, imports concentration, EU farmers, Mercosur, European Union 

 

INTRODUCTION  

 

The EU - Mercosur trade in the last decade was 

developed besides the intensification of 

negotiations efforts for signing a trade 

agreement. While assessing the role of trade 

deal provisions, Gordeev et al. [7] underline 

that the modern trade agreements are also 

focusing on agricultural trade and they are 

including important issues as sanitary 

measures and rules of origin. From the 

perspective of EU agriculture, the quantifiable 

benefits of the Free Trade Agreement between 

the European Union and Mercosur (Argentina, 

Brazil, Paraguay and Uruguay) remain limited 

[3], reflecting both the relatively small share of 

EU agricultural trade with Mercosur and the 

agreementôs cautious approach to liberalising 

sensitive agricultural sectors within the EU. 

Nonetheless, if ratified and complemented by 

reforms that enhance productivity, 

sustainability and competitiveness, the 

agreement could represent an important 

milestone for EU agricultural policy. In 

particular, it could support the EUôs broader 

efforts to modernise its agricultural sector, 

strengthen its integration into global markets, 

and align trade policy with long-term structural 

reforms in European agriculture. Even if some 

studies [5] warned in the past that signing such 

treaty, the aggregate gains for the EU, would 

be small, with risky impact on EU agriculture, 

in 2026 this trade agreement is close to be 

signed. Recent study put in balance the 

opportunities and threats for the European 

farmers and other producers [10], while other 

authors focused on making comparison 

between the agricultural potential of the 

Mercosur versus EU [2]. Safety of animal food 

imported into the European Union is other 

concern related with the signing of the EU - 

Mercosur Agreement [11], since is estimated 

the EU will import more meat from Mercosur 

countries [6]. More radical opinions consider 

mailto:arghiroiu.armenita@managusamv.ro
mailto:maria.colpos@managusamv.ro
mailto:beciu.silviu@managusamv.ro
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the EU - Mercosur Agreement as compromise 

which is signed in a wrong moment, since, 

besides other negative aspects, this will affect 

both parts agricultural sectors and only the EU 

imports of beef from Mercosur, will produce 

huge impact on the EU farmers and markets 

[4]. The adaptation of the EU agricultural 

sector to the new trade agreement is seen by 

some authors in relation with the sustainable 

concentration of food industry, and the Polish 

example can be considered [12]. With regard 

to the impact of the EUïMercosur Agreement 

on EU Member States, a recent study 

highlights that while several old EU 

countriesðsuch as the Netherlands, France, 

and Germanyðas well as some newer Member 

States, including Poland and Hungary, display 

high trade complementarity with Mercosur, the 

agreement is expected to generate only limited 

but generally positive macroeconomic effects 

for other new EU Member States, notably 

Romania and Bulgaria [8].  

Based on data provided by the European 

Comision [1], we can notice that EU, through 

Directorate General for Agriculture and Rural 

Development (DG AGRI), consider in their 

reports only the relation with the Mercosur 4: 

Argentina, Brazil, Paraguay and Uruguay, 

which is used deliberated in order to exclude 

associate or suspended member (e.g. 

Venezuela, Bolivia) and to focus on the core 

economies that account most part of the EU 

trade flows.  In this way they manage also to 

ensure comparability and consistency of the 

long-term trade data. This paper aimed to 

analyse the trade with agriculture products 

between EU and Mercosur, in order to have a 

basis of comparison in the feature, if the treaty 

will entry in force. 

MATERIALS AND METHODS  

 

The analysis focuses on the evolution of agri-

food trade between the European Union  

(EU-27) and the MERCOSUR countries over 

the period 2014ï2024, with particular attention 

to trade balances, product composition, and 

country-level patterns. The main data sources 

are the International Trade Centre (ITC) 

Trade Map database and official publications 

of the European Commission Directorate-

General for Agriculture and Rural 

Development (DG AGRI). ITC data are used 

to analyse EU imports from MERCOSUR by 

product category and Member State, expressed 

in value terms (thousand euros), while DG 

AGRI data are employed to assess overall agri-

food trade balances and long-term structural 

trends. Product groups analysed include 

oilseeds and protein crops, beef and veal (fresh, 

chilled and frozen), poultry meat, cereals and 

sugar, selected due to their economic 

importance and relevance for EU farmers. The 

methodological approach combines 

descriptive statistical analysis with a 

structural interpretation of trade patterns . 

Descriptive indicators are used to examine the 

evolution of import values over time, identify 

major importing Member States, and highlight 

periods of significant change, such as the 

COVID-19 shock and the recent commodity 

price surge. Structural analysis focuses on the 

degree of concentration across products and 

countries, identifying asymmetric 

dependencies and differences in exposure to 

external suppliers. Special attention is given to 

distinguishing between changes driven by 

volume effects and those resulting from price 

fluctuations, particularly in the most recent 

years of the period analysed. 

 

RESULTS AND DISCUSSIONS 

 

Overall trade balance. For total trade in 

goods, the European Unionôs trade relationship 

with Mercosur shifted from a positive to a 

negative balance between 2014 and 2024 

(Figure 1). Over this period, EUïMercosur 

trade moved from a surplus to a deficit in value 

terms. Specifically, the EU recorded a trade 

surplus of EUR 4,522,346 thousand in 2014, 

which gradually reversed into a trade deficit 

amounting to EUR 7,359,762 thousand by 

2024. This evolution reflects both changing 

demand patterns and the growing importance 

of Mercosur as a supplier of key commodities 

to the EU market. Germany records by far the 

highest surplus values throughout the period, 

exceeding Euro 5.7 billion in 2023ï2024, 

which underscores its dominant position in 

EUïMercosur trade. Belgiumôs surplus values 
show strong volatility but a marked upward 
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shift after 2020, peaking at over Euro 3.3 

billion in 2023 before moderating in 2024. 

Italyôs values fluctuate considerably, including 

a temporary trade deficit in 2022 (Euro -503.6 

million), followed by a rapid return to surplus 

in 2023ï2024.  

 

 
Fig. 1. European Union (EU 27) balance in value 

between 2014 and 2024 with MERCOSUR (Euro 

thousand)   

Source: ITC [9]. 

 

France shows a gradual decline in surplus 

values starting with 2015, reaching very low 

levels in 2022, followed by a recovery in 2023 

and 2024. Austria maintains relatively lower 

surplus values compared to other countries, but 

shows a clear and steady upward trajectory in 

the recent years (Table 1). Spain records the 

largest and most severe deficit values, 

expanding from Euro -442 million in 2014 to 

over Euro -7.0 billion in 2024, with a 

particularly sharp deterioration in 2022. The 

Netherlands maintains consistently high deficit 

values throughout the period, exceeding Euro -

5.8 billion in 2024, reflecting its role as a major 

EU import and redistribution hub for Mercosur 

goods. Poland shows a steady increase in 

deficit values, more than tripling from Euro -

1.1 billion in 2014 to approximately Euro -3.1 

billion in 2024. Portugalôs deficit values 
intensify notably after 2020, peaking at nearly 

Euro -3.9 billion in 2022. Bulgaria and 

Romania show comparatively smaller deficit 

values but the persistent downward trend 

suggests a gradual but sustained deterioration 

of their trade positions (Table 2). 

 

Table 1. Top 5 surplus countries from European Union in the trade exchanges with MERCOSUR between 2014 and 

2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Germany 3,084,867 3,117,811 1,774,488 2,359,293 3,441,743 4,272,670 3,429,521 4,554,566 3,976,541 5,780,462 5,700,170 

Belgium 1,148,057 434,704 275,302 1,207,484 673,995 517,892 1,266,073 1,895,800 2,322,110 3,367,806 2,506,741 

Italy 2,029,331 856,260 57,288 563,794 468,905 399,070 416,194 287,542 -503,615 1,123,551 1,241,943 

France 2,352,073 2,982,398 2,464,107 1,870,086 1,934,778 1,365,905 703,656 678,307 52,618 852,232 805,756 

Austria 506,970 357,835 285,693 378,158 362,912 414,540 369,382 454,444 649,560 703,996 757,550 

Source: ITC [9]. 

 

Table 2. Top 5 deficit countries from European Union in the trade exchanges with MERCOSUR between 2014 and 

2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Spain -442,299 -789,744 -1,203,320 -2,074,352 -2,949,155 -2,338,275 -1,920,976 -2,977,352 -6,733,322 -4,928,641 -7,011,098 

Netherlands -2,754,152 -2,152,507 -1,660,828 -2,321,923 -2,172,271 -2,001,091 -2,754,194 -3,997,365 -5,634,008 -4,452,869 -5,807,925 

Poland -1,065,028 -1,148,182 -1,249,112 -1,408,730 -1,811,683 -1,591,381 -1,497,395 -1,731,313 -2,546,243 -2,585,136 -3,089,122 

Portugal -57,418 -276,828 -641,106 -454,228 -336,505 -468,179 -948,889 -1,958,993 -3,888,179 -2,823,478 -2,695,828 

Bulgaria -48,184 -18,778 -18,393 -15,467 -69,056 -60,162 -89,918 -166,069 -231,541 -364,840 -544,104 

Romania -53,405 -185,278 -101,320 -174,563 -215,246 -175,167 -177,734 -242,183 -291,157 -194,187 -163,265 

Source: ITC [9]. 

 

Agri -food trade imbalance and structural 

asymmetry. During the same period, DG 

AGRI data indicate a widening imbalance in 

agri-food trade between the EU and Mercosur. 

Between 2020 and 2024, EU agri-food exports 

to Mercosur 4 increased by 6.6%, while EU 

agri-food imports from Mercosur 4 grew by 

only 2.7% [1]. Despite the faster growth rate of 

EU exports, imports remained around seven 

times larger than exports in absolute value, 

meaning that export growth was insufficient to 

reduce the overall agri-food trade imbalance 

between the two partners. In 2024, EU agri-

food exports to Mercosur amounted to almost 

EUR 3 billion, whereas imports exceeded EUR 

19.3 billion. This persistent imbalance is 

closely linked to the structural specialisation 

patterns of the two regions. Mercosur functions 
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primarily as a supplier of agri-food products to 

the EU, while EU exports to Mercosur are 

dominated by non-agricultural goods. Agri-

food products represent more than 42% of total 

EU imports from Argentina, Brazil, Paraguay 

and Uruguay, with the majority of these flows 

consisting of primary and semi-processed 

products. By contrast, agri-food products 

account for only about 6% of total EU exports 

to Mercosur 4 [1]. Given this structural 

configuration, the signing and implementation 

of an EUïMercosur trade agreement could 

generate significant changes in agri-food trade 

values and patterns, effects that will require 

close monitoring and analysis in the coming 

years.  

Concentration of EU agri-food imports 

from Mercosur. EU agri-food imports from 

Mercosur are highly concentrated in a limited 

number of commodity groups. Oilseeds and 

protein crops represent approximately 40% of 

total EU agri-food imports from Mercosur 4, 

followed by coffee, tea, cocoa, and spices 

(around 20%) [1]. Other important imported 

products include beef and veal, fruits and nuts, 

and processed fruits and vegetables. This 

concentration reinforces the EUôs dependence 

on Mercosur for specific inputs and 

commodities essential to its agri-food system. 

The products of greatest concern for EU 

farmers based on DG AGRI data on the 

evolution of the 15 main EU agri-food imports 

from MERCOSUR 4 between 2020 and 2024, 

are those that compete directly with EU 

production in terms of price and market 

pressure, those that affect feed input costs in 

livestock production, and those that are 

politically sensitive within the Common 

Agricultural Policy. 

Beef and veal imports are of particular concern 

for EU farmers, both in terms of production 

costs and quality standards. Even in the 

absence of a trade agreement, imports of these 

products from MERCOSUR 4 increased from 

EUR 967 million in 2020 to EUR 1,415 million 

in 2024.  

Analysing data provided by the ITC, the 

imports of fresh and chilled bovine meat from 

MERCOSUR into the EU, we can notice that 

the imports are concentrated in only a few 

Member States and remain very limited in most 

others (Fig. 2). 

 

 
Fig. 2. European Union (EU 27) imports in value for 

meat of bovine animals, fresh or chilled between 2014 

and 2024 with MERCOSUR (euro thousand) 

Source: ITC [9]. 

 

Table 3. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for meat of bovine 

animals, fresh or chilled between 2014 and 2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Germany 353,178 358,082 385,981 380,451 353,277 355,285 265,218 285,467 386,915 405,465 423,784 

Netherlands 227,682 245,396 253,677 252,724 244,946 245,796 197,256 219,651 309,623 275,203 292,319 

Spain 51,467 52,947 54,345 60,328 54,748 52,316 27,584 43,114 71,864 74,645 88,213 

Italy 60,107 79,884 82,201 83,741 77,358 87,230 54,203 59,667 77,787 73,469 80,626 

Portugal 3,987 3,532 4,619 5,061 6,901 5,695 6,038 10,413 17,482 19,766 35,541 

Source: ITC [9]. 

 

Large importing countries such as Germany, 

the Netherlands, Spain and Italy account most 

of the total import values over the period, 

indicating a long-term dependence on extra-

EU suppliers to cover domestic demand. By 

contrast, several Member States, including 

many in Central and Eastern Europe, record 

consistently low or negligible import levels, 

reflecting greater reliance on domestic or intra-

EU beef production (Table 3). 
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Fig. 3. European Union (EU 27) imports in value for 

meat of bovine animals, frozen between 2014 and 2024 

with MERCOSUR (euro thousand) 

Source: ITC [9]. 

 

This shows that dependence on Mercosur beef 

is not the same across the EU, but mainly 

concerns specific countries, being related with 

consumption preferences, processing capacity, 

and trade integration.  Imports of frozen bovine 

meat from Mercosur are also not equally 

distributed across EU Member States, but they 

seem to be more widely used than fresh or 

chilled beef. A limited group of countries, 

which include Italy, Netherlands, Germany and 

Spain, represent most of the total import value, 

reflecting their role, as major processing, 

distribution, or consumption hubs in the EU. 

Among these countries, Italy consistently 

records the highest import values, reflecting its 

role as a major entry point and distribution hub 

for meat products within the EU.  

This indicates that a significant share of frozen 

beef entering the EU is first imported through 

Italy before being processed or re-exported to 

other Member States (Table 4, Fig. 4). 

 

Table 4. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for meat of bovine 

animals, frozen between 2014 and 2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Italy 147,685 167,119 148,708 138,711 166,457 152,002 167,697 180,904 197,326 175,441 200,509 

Netherlands 46,991 39,543 38,911 40,367 44,696 40,790 34,861 40,042 48,579 49,784 43,450 

Germany 38,994 40,145 42,864 38,156 39,111 39,336 37,390 35,402 55,447 43,982 43,110 

Spain 33,241 39,023 33,957 38,689 35,127 27,714 19,294 27,182 48,372 34,436 41,049 

Portugal 4,868 6,485 6,085 6,507 14,737 8,204 5,045 6,705 23,452 16,726 15,231 

Source: ITC[9]. 

 

 
Fig. 4. European Union (EU 27) imports in value for 

meat and edible offal of poultry between 2014 and 2024 

with MERCOSUR (euro thousand) 

Source: ITC [9]. 

 

Similarly, EU farmers specialising in poultry 

and egg production are increasingly concerned 

about rising imports, which grew from EUR 

360 million in 2020 to EUR 647 million in 

2024. These concerns are intensified by 

differences in sanitary and phytosanitary 

standards and production methods between the 

EU and MERCOSUR countries. 

Over the period analysed, based also on ITC 

data, poultry imports from MERCOSUR into 

the EU show a clear evolution over time, with 

distinct phases. Import values increase steadily 

in the years before 2019, indicating a growing 

role of Mercosur suppliers in meeting EU 

demand. In 2020, imports decline noticeably, 

reflecting disruptions caused by the COVID-19 

pandemic, including logistical constraints and 

reduced demand from food services. After 

2020, import values recover across the main 

importing countries, with growth becoming 

particularly strong in the most recent years of 

the period.  

This rising trend is especially visible in 

countries such as the Netherlands, Spain and 

Germany, while Austria remains at 

consistently low levels throughout (Table 5). 

Overall, the data point to a temporary shock 

followed by a strong recovery, suggesting that 

poultry imports from Mercosur have regained 

importance in the EU market over time.
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Table 5. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for meat and 

edible offal of poultry between 2014 and 2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Netherlands 67,556 71,829 69,758 60,683 95,329 62,150 51,789 40,665 62,262 67,247 80,196 

Spain 47,820 48,311 38,079 43,136 41,874 36,155 28,555 29,962 60,938 57,966 70,655 

Germany 67,036 58,334 51,288 53,030 74,293 56,884 26,271 28,280 68,990 46,650 45,753 

Czech Republic 35,073 48,625 19,060 6,328 5,522 5,452 3,936 7,700 11,906 12,723 10,460 

Austria 4,214 4,160 5,116 5,526 7,089 4,667 2,107 4,184 9,184 6,211 8,736 

Source: ITC [9]. 

 

 
Fig. 5. European Union (EU 27) imports in value for 

cereals between 2014 and 2024 with MERCOSUR (euro 

thousand) 

Source: ITC [9]. 

 

Cereal imports from MERCOSUR also merit 

attention. Imports reached EUR 2,651 million 

in 2022, indicating a significant potential to 

affect EU internal markets. An analyse based 

only on ITC data shows that the imports of 

cereals from Mercosur into the European 

Union show that they varied strongly from year 

to year.  Import values are very high at the 

beginning of the period, followed by an 

important decline in 2014, after which imports 

recovered started with 2016.  

In 2020, import values also decline, reflecting 

disruptions in international trade and market 

uncertainty, in the context of the COVID-19 

pandemic, but starting with 2021 imports 

recover again, with an exceptionally strong 

increase in 2022, driven largely by higher 

prices and supply tensions on global grain 

markets (Fig. 5, Table 6). 

 

 
Fig. 6. European Union (EU 27) imports in value for 

sugars and sugar confectionery between 2014 and 2024 

with MERCOSUR (euro thousand) 

Source: ITC [9]. 

 

In addition to the others groups of products, EU 

sugar and isoglucose prices may be influenced 

by increased imports from MERCOSUR, 

which already reached EUR 582 million in 

2023. 

Based on ITC data, sugar imports from 

Mercosur into the European Union show large 

changes over time, with clear differences 

between countries (Table 7). At the EU level, 

import values are high at the beginning of the 

period, fall sharply after 2013, and then 

increase again in the following years.  
 

Table 6. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for cereals 

between 2014 and 2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Spain 47,224 115,889 63,413 386,041 465,825 523,535 405,965 453,475 1,390,601 667,346 272,693 

Belgium 11,822 7,068 9,083 9,904 10,633 14,787 18,984 29,900 60,799 52,615 85,670 

Netherlands 73,941 67,180 131,190 104,353 137,234 71,177 73,420 97,616 234,633 93,643 69,868 

Portugal 22,963 47,644 36,988 95,749 141,751 133,296 127,060 121,861 397,157 162,741 47,737 

Italy 11,327 13,585 23,388 29,021 17,606 57,769 57,382 33,230 294,188 86,717 36,270 

Source: ITC [9]. 
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Table 7. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for sugars and 

sugar confectionery between 2014 and 2024 (Euro Thousand)   
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Portugal 5,946 340 7,350 11,685 8,927 16,338 13,090 64,076 86,737 166,388 149,373 

Spain 28,387 13,866 22,824 27,153 15,802 8,941 33,914 72,999 145,975 162,938 87,945 

Italy 12,440 2,753 4,219 4,461 3,045 2,395 9,049 2,741 21,542 45,712 39,547 

Bulgaria 2,893 59 6,269 116 118 80 23 71 20,821 78 17,706 

France 11,409 9,396 17,009 16,854 18,812 18,494 15,637 14,749 23,841 24,089 15,387 

Source: ITC [9]. 

 

Among individual Member States, Portugal 

stands out as the main importer throughout the 

period, with sugar imports rising strongly after 

2020 and peaking in 2022 and 2023, linked to 

higher global sugar prices, before declining in 

2024. Other countries, such as Spain and Italy, 

also show noticeable increases in recent years, 

although at lower levels than Portugal.  Finally, 

the indirect effects of rising imports of oilseeds 

and protein crops are particularly relevant for 

EU livestock farmers. Growing dependence on 

external feed inputs can negatively affect cost 

competitiveness and sectoral resilience.  

In 2024, EU imports of oilseeds and protein 

crops from MERCOSUR-4 reached a record 

value of EUR 9,847 million, underlining the 

strategic importance of these flows for the EU 

agri-food system (Fig. 7). 

Fig. 7. European Union (EU 27) imports in value for 

oilseeds and oleaginous fruits between 2014 and 2024 

with MERCOSUR (euro thousand) 

Source: ITC [9].  

 

Table 8. Top 5 importing countries from European Union in the trade exchanges with MERCOSUR for oilseeds and 

oleaginous fruits between 2014 and 2024 (Euro Thousand)  
 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

Netherlands 1,112,215 1,040,113 1,059,636 869,843 620,150 959,009 1,147,649 1,390,980 1,266,645 1,038,352 940,750 

Spain 909,882 965,216 758,199 852,985 716,647 586,916 754,754 1,218,696 1,385,496 924,249 938,898 

Italy 327,969 226,290 296,853 273,906 160,853 271,936 409,384 674,155 754,716 683,578 654,541 

Germany 1,031,720 892,408 599,206 403,162 492,645 362,326 668,627 857,007 692,850 216,327 357,383 

Portugal 163,163 222,472 189,515 198,695 175,048 136,558 237,091 312,276 412,892 303,473 285,990 

Source: ITC [9]. 

 

The trade value of EU imports of oil seeds and 

oleaginous fruits from Mercosur from 2014 to 

2024, based on data provided by the 

International Trade Center, shows notable 

fluctuations over the period analysed. Trade is 

mainly concentrated in a small number of EU 

member states, particularly the Netherlands 

and Spain which account for the largest shares 

of imports, followed by Italy and Germany. 

(Table 8).  

Import values increased markedly after 2019, 

reaching a peak in 2022, before declining in the 

most recent years. It is important to consider 

Netherlands as a logistic and re-export hub, not 

only as a consumer, while Spain imports in 

relation with its expanding livestock, and its 

reliance on imported feed inputs. Italy the third 

importer of oilseeds and oleaginous fruits from 

Mercosur, is rather specialized, with its 

industry from the North of the country in food 

and feed processing, which allowed them to 

double their imports between 2018 and 2022.  
 

CONCLUSIONS 

 

The analysis of agri-food trade between the 

European Union and MERCOSUR over the 

period 2014ï2024 highlights a persistent and 

widening trade imbalance, with EU imports 

consistently exceeding exports in value terms. 
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The results also show that trade values differ 

depending on the data source used. DG AGRI 

data provide an aggregated overview of EUï

Mercosur agri-food trade and long-term 

structural trends, while ITC data offer a more 

detailed product and country level perspective. 

As a result, differences in coverage, 

classification, and aggregation levels lead to 

variations in reported values, particularly for 

specific product groups and individual 

Member States. Despite these differences, both 

data sources point to a strong concentration of 

EU imports from Mercosur in a limited number 

of product categories, notably oilseeds and 

protein crops, beef and veal, poultry meat, 

cereals and sugar. Import values for these 

products show marked sensitivity to external 

shocks, with a decline in 2020 followed by a 

strong recovery after 2020 and peak levels 

recorded in 2022, largely influenced by global 

price developments. Imports are also unequally 

distributed across Member States, with 

countries such as the Netherlands, Spain, 

Germany, Italy and Portugal accounting for a 

large share of total import values, often 

reflecting their role as trade and distribution 

hubs. Overall, while absolute values may differ 

between DG AGRI and ITC datasets, the main 

trends and structural patterns remain 

consistent, reinforcing concerns among EU 

farmers, especially in the context of the new 

EU-Mercosur trade agreement, as increased 

import pressure could further affect sensitive 

agri-food sectors. 
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Abstract 

 

This study analyses regional development patterns in Bulgarian agriculture for the period 2016-2023 through a 

comprehensive examination of the interrelationship between mechanisation, land use and labour employment. Based 

on official statistical data from the Ministry of Agriculture and Food and the National Statistical Institute for all 28 

regions of Bulgaria, localisation coefficients, labour productivity indicators and mechanisation intensity are 

calculated. The study confirms the hypothesis of deepening regional disparities despite the implementation of the 

European Union's Cohesion Policy, as the range of the localisation coefficient widens by 16.6% during the observed 

period. Four main regional patterns are identified: administrative concentration in Sofia capital, intensive production 

in north-eastern Bulgaria, deindustrialisation in regions such as Targovishte and Kardzhali, and extensive production 

in the north-western regions. The analysis reveals a technological paradox whereby higher mechanisation does not 

automatically correlate with higher productivity, as Vidin region achieves the highest productivity of 133.84 hectares 

per worker despite a 41.67% decline in mechanisation. Four types of regional development trajectories are classified: 

labour-capital substitution in regions such as Vratsa and Dobrich, extensification in Vidin, stagnation in Plovdiv and 

deindustrialisation in a number of peripheral regions. The results demonstrate the need for differentiated regional 

policy that recognises specific development trajectories and addresses the increasing regional fragmentation in the 

agricultural sector. 

 

Key words: regional development, agriculture, mechanization, location quotient, labor productivity,  

                   Cohesion Policy 

 

INTRODUCTION  
 

Regional disparities in the agricultural sector 

are the focus of many academic publications, 

and the factors contributing to their formation 

and deepening need to be traced [6, 8, 14, 19]. 

Expectations are that economic differences in 

the regions will be reduced in the context of the 

European Union's Cohesion Policy for the 

period 2014-2020. Subsidisation from the 

European Agricultural Fund for Rural 

Development and the European Agricultural 

Guarantee Fund directly influences economic, 

social and environmental outcomes in the 

regions [1, 5, 10]. The uneven distribution of 

funds underscores significant regional 

differences, which creates the need for a more 

equitable and justified approach to increase the 

economic efficiency of subsidisation and 

reduce regional disparities. Despite significant 

investments within the 2014-2020 

programming period, empirical data call into 

question the effectiveness of the measures 

applied for regional convergence, particularly 

in light of the structural changes triggered by 

the COVID-19 pandemic and subsequent 

economic transformations. 

Studies prove that uncertainty is an inherent 

characteristic of activities concerning the 

intensification of land use, and justify the need 

to investigate various alternative options, also 

taking into account the environmental impact 

[7, 11]. Analysing different approaches to land 

use modelling allows assessment of differences 

and supports decision-making by agricultural 

holdings. Dynamic models based on 

simulations are more suitable than empirical 

and static ones for optimisation. 

It should be noted that the application of fallow 

cultivation practices on the one hand reduces 

negative impacts on the environment, and on 

the other improves soil quality and encourages 
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sustainable agriculture [21]. In the context of 

Bulgarian agriculture, fallow land dynamics 

represent an important indicator of land use 

intensity and farming efficiency at regional 

level. 

Taking into account the fact that the 

agricultural sector is strategic for Bulgaria's 

economy, trends concerning mechanisation 

and land use in Bulgarian farms are tracked by 

a number of studies in the country [2, 3, 20]. 

For the period 2000 to 2019, the majority of 

regions are distinguished by an increase in 

value added in the agricultural sector, but a 

characteristic feature of the sector is regional 

disparities, conditioned naturally by 

geographical conditions as well. A significant 

increase in agricultural employment for oilseed 

crops is observed, which should be linked to 

the period of Bulgaria's accession to the 

European Union and targeted subsidisation of 

particular types of agricultural production. The 

absence of targeted support for perennial crops 

and fruit plantations leads to this potential for 

the country not being utilised. An important 

role in the transformation of the agricultural 

sector is played by state policy towards 

improving resource allocation and sustainable 

development. In the context of agricultural 

mechanisation, the lack of innovative 

technologies in Bulgarian fruit growing must 

also be noted, which again is an obstacle to the 

development of the sector [9]. This hampers 

the competitiveness of production and the 

benefits of accessibility to international 

markets. 

In the academic literature, there exist numerous 

studies that trace the impact of regional 

differences in European Union countries on 

economic growth and their economies as a 

whole [4, 16, 18]. Multi -level regression 

models prove that the resilience of regions at 

NUTS3 level has a strong dependence on 

national borders. A high positive effect and 

economic resilience is observed in rural areas 

as a consequence of agricultural sector 

development. Analysis of data for European 

Union member states justifies the conclusion 

that the influence of large regional differences 

has strongly negative consequences on the 

economies of countries that joined after 2004, 

whilst this influence for countries that joined 

earlier is insignificant [16]. Analysis of labour 

employment in the agricultural sector of 

European member states demonstrates a 

decrease, despite the specificity of production 

activities in the sector. There exists a 

continuing trend of increasing value added, but 

corresponding with a decrease in labour input 

[17]. 

Despite the wealth of research directed towards 

individual aspects of regional development in 

agriculture, there exists a research gap 

concerning comprehensive analysis of the 

interaction between mechanisation, land use 

and labour employment in Bulgarian regions 

for the period after 2016. More specifically, in-

depth studies that integrate these three 

dimensions into a unified analytical model and 

trace their dynamics in the context of the new 

programming period and pandemic challenges 

are lacking. The questions of different regional 

development trajectories and the formation of 

specific adaptation patterns in individual 

regions also remain insufficiently studied. 

The present study aims to identify and 

typologise regional development patterns in 

Bulgarian agriculture through comprehensive 

analysis of mechanisation, land use and labour 

employment for the period 2016-2023. In this 

regard, the following research tasks are set: 

first, to analyse the dynamics of newly 

registered agricultural machinery by region 

and its ratio to production indicators; second, 

to examine the structure and changes in utilised 

agricultural area and fallow land as indicators 

of farming intensity; third, to investigate the 

trend in labour employment and regional 

specialisation through calculation of 

localisation coefficients; fourth, to identify and 

classify different regional development 

trajectories and construct a typology of 

regional patterns. 

The study tests three main hypotheses. The 

first hypothesis is that in the period 2016-2023, 

regional disparities in Bulgarian agriculture are 

not being reduced but, on the contrary, are 

deepening, despite the implementation of the 

European Union's Cohesion Policy. The 

second hypothesis assumes that mechanisation 

does not automatically lead to productivity 

enhancement, as the relationship between 

technological provision and economic 
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efficiency depends on multiple contextual 

factors. The third hypothesis asserts that 

different regions follow different development 

trajectories, forming specific patterns of 

adaptation to changing economic conditions. 

 

MATERIALS AND METHODS  

 

The study is based on analysis of official 

statistical data for all 28 regions of Bulgaria for 

an eight-year period from 2016 to 2023. The 

data for the analyses conducted are obtained 

from public registers of the Ministry of 

Agriculture and Food, from the 

"Agrostatistics" department, BANSIK [12], 

concerning agricultural arable area and fallow 

land, and from the "Control and Technical 

Inspection" department - newly registered 

agricultural machinery [13]. Information on 

labour employment in the agricultural sector in 

the country is used from the official website of 

the National Statistical Institute, Business 

Statistics section [15]. The aggregated data are 

traced at two levels - national and regional, 

which allows both identification of general 

trends in Bulgarian agriculture and revelation 

of specific regional characteristics. 

The study's methodology includes a 

combination of descriptive statistical methods 

and specialised techniques for regional 

analysis. To measure the dynamics of key 

indicators, rates of change and relative shares 

by region are calculated. Special attention is 

paid to three groups of indicators. The first 

group covers data on mechanisation, including 

newly registered agricultural machinery by 

year and region, as well as derived indicators 

for mechanisation intensity calculated as 

number of machines per thousand employed 

persons. The second group includes indicators 

for land use, such as total agricultural land area, 

utilised agricultural area and fallow land areas, 

whose ratio serves as an indicator of farming 

intensity. The third group covers data on labour 

employment under employment and service 

contracts in the agricultural sector, expressed 

as annual average number. 

To assess labour productivity, a composite 

indicator "utilised agricultural area per worker" 

is calculated, which reflects the volume of 

arable land per person employed in the sector 

and serves as an indicator of capital intensity 

and farm structure. To identify regions with 

high specialisation in agriculture, a localisation 

coefficient is applied. The coefficient 

compares the relative share of employment in 

the sector for the region to the relative share of 

employment in the sector for the country. 

When the coefficient value is above 1.0, this 

indicates that agriculture has greater 

significance for this region's economy 

compared with the national average, with 

higher values meaning stronger regional 

specialisation in the agricultural sector. 

To trace changes in labour employment and the 

significance of each region for total 

employment in the agricultural sector, the 

localisation coefficient is calculated for all 28 

regions by year. This analysis makes it possible 

to distinguish regions in the country with 

demonstrated specialisation in the agricultural 

sector and the regional disparity that emerges. 

The coefficient's dynamics provides 

information on positive or negative trends for 

each region in the observed time interval, 

whilst the additional interrelationship with 

cultivated land and available fallow land draws 

important conclusions about the changes 

occurring in regional patterns in the 

agricultural sector in Bulgaria. 

Based on the combination of indicators for 

mechanisation, land use and employment, a 

typology of regional development patterns is 

constructed. The classification of trajectories is 

based on joint analysis of the rate of change in 

mechanisation and employment, identifying 

four main types: labour-capital substitution, 

extensification, stagnation and 

deindustrialisation. For each region, the 

percentage change in key indicators between 

the initial and final year of the study is also 

calculated, which allows quantitative 

assessment of the intensity of structural 

changes. The analytical approach combines 

chronological and comparative analysis, 

tracing both the temporal evolution of 

indicators and differences between regions at a 

given moment. Special attention is paid to 

identifying breaks in trends, with the year 2020 

standing out as a critical point, probably 

connected with the impact of the COVID-19 

pandemic on the agricultural sector. 
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RESULTS AND DISCUSSIONS 

 

Mechanization in the agricultural sector by 

region in the period 2016-2023 

Mechanisation in the agricultural sector in 

Bulgarian regions for the study period is 

presented in Figure 1.  

 

 
Fig. 1. Registered new agricultural machinery at the 

regional level in the period 2016 ï 2023 

Source: Own calculations based on data from the MAF 

[12]. 

 

The calculated shares for each individual 

region by main types of agricultural machinery 

demonstrate significant differences in newly 

registered machinery. Sofia capital region is 

distinguished by the highest share of newly 

registered agricultural machinery in the 

analysed eight-year period, followed by 

Pleven, Varna and Stara Zagora regions. 

The data show a concentration of newly 

registered equipment in large administrative 

regional centres in the country, which should 

be compared with labour employment in the 

analysed sector of the economy. It is possible 

that registration of agricultural holdings is 

carried out in strong administrative centres and 

does not correspond with the cultivated 

agricultural land and human resources used. 

Land use and structure of arable land 

For more detailed regional analysis in the 

agricultural sector, data on agricultural area 

should be analysed - total agricultural land area 

and utilised area (Fig. 2). 

 

Fig. 2. ɸgricultural area at national level in the period 

2016 ï 2023 

Source: MAF data [12]. 

 

According to available data in the study period, 

two time intervals with different tendencies 

stand out: in the first period 2016-2020 there is 

an increase in cultivated agricultural area of 

25,841 hectares, whilst in the period 2020-

2023 a decrease of 44,262 hectares is observed. 

 

Fig. 3. Fallow lands at national level in the period 2016ï

2023 

Source: MAF data [12]. 
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Regarding available fallow land area, a 

reduction of 38,058 hectares is noted for the 

entire observed period (Fig. 3). 

The following Figure 4 presents data on 

utilised agricultural area at regional level. 

Leading regions are: Dobrich (7.35%), Pleven 

(6.59%), Plovdiv (5.78%), Burgas (5.62%) and 

Stara Zagora (5.46%).  

 

Fig. 4. Share of utilized agricultural area by 2023 (%) 

Source: Own calculations based on data from the MAF 

[12]. 

 

For the study period, there are no substantial 

changes in the share of arable area by region. It 

should be noted that Sofia capital region 

participates with a share of 0.84% in total 

labour employment for the agricultural sector, 

and these data do not correspond with the 

newly registered agricultural machinery in the 

region for the observed interval. 

Employment in agriculture 

For the observed eight-year period of the study, 

labour employment in the agricultural sector in 

Bulgaria records a negative trend. On a 

national scale, the reduction in those employed 

in the sector by the end of the period in absolute 

value is 6,213 fewer employed persons, or a 

change of 8.67 percentage points. Analysis of 

data at regional level shows a similar tendency. 

The majority of regional farms are 

distinguished by a reduction in labour 

employment in the agricultural sector. 

Targovishte region records the most 

pronounced decrease in those employed in the 

period - a decrease of 20.67%. Following this 

tendency are the regions: Kardzhali (-19.93%), 

Smolyan (-18.89%), Pleven (-15.70%) and 

Haskovo (-14.73%). With an opposite trend, 

there are four (4) regions with an increase in 

the indicator under consideration, but the rates 

are insignificant. With the highest rate of 

increase is Pernik region (+5.64%), followed 

by Blagoevgrad (+1.87%) and Vidin (+1.65%). 

Regional specialisation and localisation 

analysis 

In order to distinguish regions with high 

specialisation in the "Agriculture, forestry and 

fisheries" sector, a localisation coefficient is 

calculated for each region by year, presented in 

Table 1. 

The existing regional disparities in the 

agricultural sector are confirmed by the 

calculations made. Differences in labour 

employment are proven by the large range of 

localisation coefficient values by region (from 

0.08 to 4.51). Moreover, in the observed 

period, regional differences are deepening. 

Whilst in 2016 the LC range is from 0.08 to 

3.87, at the end of the study period in 2023 the 

LC values are between 0.09 and 4.51. 

This analysis leads to the conclusion that as a 

result of measures implemented in the context 

of the Cohesion Policy for convergence, there 

is no reduction in regional disparities; on the 

contrary, in Bulgarian regions a deepening of 

differences in the agricultural sector is 

observed. 

Labour productivity and technological 

provision 

The calculated productivity indicators reveal 

significant regional differences. The "utilised 

area per worker" indicator for 2023 varies 

considerably between regions. Vidin region 

demonstrates the highest productivity of 

133.84 hectares per worker, followed by 

Vratsa region with 127.68 hectares per worker. 

In contrast, Plovdiv region shows the lowest 

productivity of 54.40 hectares per worker, 

whilst the national level is established at 76.47 

hectares per worker. The high productivity in 

north-western Bulgaria with simultaneous 
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reduction in employment points to processes of 

consolidation and enlargement of agricultural 

holdings. This process is accomplished 

through concentration of land in fewer but 

larger production units, which leads to an 

increase in arable area per worker without the 

need for proportional increase in 

mechanisation. 

 

Table 1. Localization coefficient for the "Agriculture, Forestry and Fisheries" sector by districts in the period     2016-

2023 
                  Year 

 

District  

2016 2017 2018 2019 2020 2021 2022 2023 

Vidin 1.87 1.95 2.02 2.00 2.12 2.19 2.19 2.19 

Vratsa 1.78 1.76 1.77 1.75 1.82 1.83 1.78 1.71 

Lovech 1.44 1.49 1.54 1.55 1.54 1.57 1.60 1.66 

Montana 1.89 1.92 1.90 1.96 2.01 2.06 2.01 2.14 

Pleven 2.20 2.14 2.10 2.10 2.09 2.00 2.04 2.00 

Veliko Tarnovo 1.94 1.93 1.92 1.90 1.91 1.96 1.97 1.96 

Gabrovo 0.53 0.51 0.52 0.56 0.56 0.53 0.53 0.61 

Razgrad 3.28 3.33 3.40 3.28 3.31 3.42 3.28 3.52 

Ruse 1.59 1.60 1.66 1.62 1.60 1.61 1.68 1.65 

Silistra 3.87 3.87 3.85 4.10 3.95 4.10 4.49 4.24 

Varna 0.80 0.82 0.79 0.78 0.79 0.79 0.78 0.77 

Dobrich 3.79 3.85 3.97 4.10 4.32 4.44 4.42 4.51 

Targovishte 2.70 2.56 2.51 2.60 2.61 2.55 2.65 2.75 

Shumen 2.19 2.24 2.23 2.17 2.00 1.97 1.96 2.09 

Burgas 1.07 1.13 1.13 1.13 1.17 1.23 1.14 1.12 

Sliven 1.86 1.81 1.84 1.88 1.86 1.94 2.00 2.04 

Stara Zagora 1.23 1.17 1.23 1.27 1.28 1.27 1.31 1.30 

Yambol 2.43 2.67 2.78 2.82 2.75 2.79 2.75 2.72 

Blagoevgrad 0.65 0.69 0.73 0.76 0.77 0.74 0.76 0.77 

Kyustendil 0.77 0.84 0.84 0.88 0.86 0.84 0.87 0.91 

Pernik 0.73 0.79 0.74 0.80 0.81 0.78 0.77 0.82 

Sofia 1.26 1.20 1.28 1.28 1.28 1.23 1.26 1.27 

Sofia (capital) 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 

Kardzhali 0.94 0.91 0.90 0.90 0.87 0.88 0.89 0.81 

Pazardzhik 1.69 1.74 1.70 1.78 1.86 1.71 1.70 1.78 

Plovdiv 0.80 0.80 0.80 0.81 0.86 0.84 0.81 0.82 

Smolyan 1.10 1.08 1.02 0.94 0.97 0.95 0.97 0.99 

Haskovo 1.74 1.76 1.67 1.82 1.73 1.76 1.81 1.74 

Source: Own calculations based on data from the NSI [15]. 

 

The intensity of mechanisation, measured 

through the indicator "newly registered 

machinery per 1,000 workers", reveals an 

exceptional anomaly in the case of Sofia 

capital. The region demonstrates a value of 

153.57 units of machinery per 1,000 workers, 

which represents almost a fivefold excess over 

the national level of 31.18 units. Other regions 

such as Dobrich, Plovdiv and Vratsa show 

values in the range of 24-28 units per 1,000 

workers, whilst Vidin registers only 7.10 units 

per 1,000 workers. 

Typology of regional development patterns 

Based on comprehensive analysis of 

mechanisation, land use and employment, four 

main regional development patterns in 

Bulgarian agriculture can be identified. 

The first pattern can be defined as 

"administrative concentration" and is 

represented by Sofia capital. It is characterised 

by high machinery registration with minimal 

utilised agricultural area and highest technical 

provision. This pattern reflects the tendency for 

concentration of registration processes for 

agricultural holdings and machinery in the 

capital for administrative reasons, whilst the 

actual production activity is carried out in other 

regions of the country. 

The second pattern represents "intensive 

production" and is observed in north-eastern 

Bulgaria, particularly in Dobrich, Silistra and 

Razgrad regions. It is characterised by a high 

localisation coefficient, large share of utilised 

agricultural area and relatively low fallow land. 

Dobrich region demonstrates only 1,018 
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hectares of fallow land, representing 0.28% of 

utilised area, which is the lowest value in the 

country. This pattern is distinguished by stable 

employment with minimal decrease and 

efficient use of agricultural resources. 

The third pattern can be defined as 

"deindustrialisation of the agricultural sector" 

and is observed in regions such as Targovishte, 

Kardzhali and Smolyan. It is characterised by 

drastic reduction in employment in the range of 

19% to 21% and decreasing localisation 

coefficient. This pattern reflects a process of 

outflow of labour force from agriculture 

towards other economic sectors or migration 

outside the region. 

The fourth pattern represents "extensive 

production" and is observed in regions such as 

Vidin and Montana. It is characterised by an 

increase in area per worker due to outflow of 

employed persons and decreasing 

mechanisation. Vidin region demonstrates a 

decline in mechanisation of 41.67% whilst 

simultaneously increasing productivity 

through extensive expansion of arable areas. 

Dynamics of changes and development 

trajectories 

The classification of regions by development 

trajectories reveals four types of dynamic 

processes. The "labour-capital substitution" 

trajectory is observed in regions such as Vratsa 

and Dobrich, where growth in mechanisation 

of 28-33% accompanies reduction in 

employment in the range of 3% to 8%. This 

process testifies to successful modernisation, 

whereby technologies substitute manual labour 

and increase productivity. 

The "extensification" trajectory is represented 

by Vidin region, where the decrease in 

mechanisation of 41.67% combined with slight 

increase in employment of 1.65% leads to a 

paradoxical result. Despite decreasing 

technical provision, productivity grows 

through extensive expansion of arable areas 

per worker to the highest national level of 

133.84 hectares. 

The "stagnation" trajectory is illustrated by 

Plovdiv region, where minimal changes in 

employment and mechanisation around -1.5% 

are observed with the lowest productivity of 

54.40 hectares per worker. This pattern reflects 

a lack of significant investments and structural 

changes in the sector. 

The "administrative growth" trajectory is 

represented by Sofia capital, where growth in 

both employment and mechanisation is 

recorded. This pattern, however, is artificial 

and reflects primarily registration processes 

rather than real production development. 

Deepening of regional disparities 

The empirical data confirm the deepening of 

regional inequalities in the agricultural sector 

during the studied period. The widening of the 

localisation coefficient range from 3.79 in 

2016 to 4.42 in 2023 represents an increase in 

inequality of 16.6%. The concentration of 

specialisation is expressed in the fact that the 

three leading regions demonstrate localisation 

coefficient values above 3.5, whilst Sofia 

capital shows a value of 0.09, which is 48 times 

lower than Dobrich region. 

Differences in productivity are also significant. 

Whilst Vidin region reaches 133.84 hectares 

per worker, Plovdiv region registers only 54.40 

hectares per worker, which represents a 

difference of 2.46 times. These data testify to 

deep structural fragmentation of Bulgarian 

agriculture, whereby different regions follow 

different development trajectories with limited 

convergence. 

Testing of research hypotheses 

The empirical data provide convincing 

evidence in support of the first hypothesis of 

the study concerning the deepening of regional 

disparities in Bulgarian agriculture. The 

widening of the localisation coefficient range 

from 3.79 in 2016 to 4.42 in 2023, representing 

an increase of 16.6%, demonstrates that despite 

the implementation of the European Union's 

Cohesion Policy, regional inequalities not only 

are not being reduced but are deepening. The 

concentration of specialisation in three leading 

regions with a localisation coefficient above 

3.5, whilst simultaneously weakening the 

significance of other regions with a coefficient 

below 1.0, confirms the process of regional 

polarisation in the agricultural sector. 

The second hypothesis concerning the lack of 

automatic connection between mechanisation 

and productivity also finds full confirmation in 

the analysed data. The paradoxical case of 

Vidin region, where the drastic reduction in 
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mechanisation of 41.67% accompanies the 

achievement of the highest productivity of 

133.84 hectares per worker, clearly 

demonstrates that technological provision in 

itself does not guarantee economic efficiency. 

In contrast, Plovdiv region shows relatively 

stable mechanisation but the lowest 

productivity of 54.40 hectares per worker. 

These empirical findings reveal the complexity 

of the interrelationship between capital 

intensity and production efficiency, which 

depends on multiple contextual factors 

including farm size, production specialisation 

and agricultural land quality. 

The third hypothesis regarding the formation 

of different regional development trajectories 

and specific adaptation patterns is confirmed 

by the four identified types of development. 

The "labour-capital substitution" trajectory in 

regions such as Vratsa and Dobrich, the 

"extensification" pattern in Vidin, the 

"stagnation" in Plovdiv and the 

"deindustrialisation" in Targovishte, Kardzhali 

and Smolyan represent qualitatively different 

strategies of adaptation to changing economic 

conditions. This diversity of patterns refutes 

the universal assumptions of Cohesion Policy 

and confirms the necessity for a differentiated, 

contextually sensitive approach to regional 

development in agriculture. 

 

CONCLUSIONS 

 

The present study confirms the hypotheses set 

forth concerning the deepening of regional 

inequalities and the lack of automatic 

connection between mechanisation and 

productivity in Bulgarian agriculture for the 

period 2016-2023. The analysis of regional 

development patterns in Bulgarian agriculture 

for the period 2016-2023 reveals a complex 

and contradictory picture. Despite the 

implementation of the European Union's 

Cohesion Policy with the aim of regional 

convergence, the empirical data demonstrate a 

deepening of regional disparities in the 

agricultural sector. The widening of the 

localisation coefficient range by 16.6% and the 

significant differences in productivity between 

regions confirm the ineffectiveness of the 

universal approach to regional development. 

The four main regional patterns identified 

reflect different strategies of adaptation to 

changing economic conditions. The intensive 

production pattern in north-eastern Bulgaria 

demonstrates successful integration of 

technological modernisation and efficient 

resource use. In contrast, the extensive 

production pattern in north-western Bulgaria 

achieves productivity enhancement through 

area expansion with decreasing mechanisation, 

which raises questions regarding long-term 

sustainability. 

Particularly concerning is the manifestation of 

the deindustrialisation pattern in a number of 

regions, where the drastic reduction in 

employment is not compensated by 

corresponding technological modernisation. 

This process leads to depopulation of rural 

areas and loss of production capacity in 

agriculture. 

A technological paradox is present - higher 

mechanisation does not always lead to greater 

productivity, which calls into question the 

effectiveness of current investment priorities. 

The example of Vidin region is telling, where 

the highest productivity is achieved with the 

strongest decline in mechanisation. This 

underscores the need for a more flexible 

approach to technological modernisation that is 

adapted to local characteristics. The results of 

the study show that a differentiated regional 

policy is necessary, taking into account the 

different development paths of agriculture in 

individual parts of the country. The unified 

"one model for all" principle does not work in 

conditions of increasing regional 

fragmentation. Each of the established 

development patterns requires specific policies 

and measures corresponding to its 

characteristics and challenges. 
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These public interventions inevitably elicit 

responses from farmers, the primary end-users 

of such reforms. While extensive literature 

exists on agricultural policy processes, 

including the European Union's Common 

Agricultural Policy (CAP) [26, 4] and African 

agricultural policies [2, 13], prior research has 

predominantly focused on policy-making [41], 

intervention evaluation [9], influencing factors 

[25], and the linkage between 

continental/regional and national policies [42]. 

The importance of contextual understanding 

for policy implementation, uptake, and impact 

is emphasized by [25]. However, the 

behavioral responses of stakeholders affected 

by these policies, particularly their willingness 

to adopt reforms, remain critical for policy 

success [17]. The innovations that are inclusive 

can promote socio-economic growth and 

encourage active participation of local 

communities in the processes within sub-

Saharan Africa [19, 32]. Therefore, this study 

investigates the appropriation of the 

Agricultural Sector Governance and 

Territorialization of Agricultural Development 

reforms by farmers in Benin. The farmersô 

reaction toward these major institutional 

innovations aimed to transform Benin's 

agriculture into a high-performing and resilient 

sector, capable of withstanding exogenous 

shocks, presents a significant area for analysis. 

In line with [21], who emphasized the crucial 

need for context-specific methodologies and 

knowledge within local settings, this paper 

assesses how these reforms have been adopted 

by farmers in Benin. 

Drawing on [41] assertion that effective 

agricultural policy agenda setting requires 

input from citizens, stakeholders, political 

pressures, and experts, this paper examines 

whether this normative prescription aligns with 

the reality of Beninôs reforms. Specifically, it 

explores how farmersô appropriation of these 

institutional reforms can be explained. 

Building on the concept of appropriation as 

defined by [35], this study interprets 

appropriation as the set of behaviors through 

which Beninese farmers respond to these two 

institutional reforms, thereby contributing to 

the social construction of their reality. By 

examining the social status of agricultural 

sector actors and their perceptions of these 

reforms, this research aims to provide an 

authentic, contextually informed perspective. 

The lack of African scholars' contributions to 

innovation research and the dominance of 

Eurocentric frameworks, as highlighted by 

[21], underscores the importance of this study. 

Ultimately, this paper seeks to contribute to the 

ongoing discourse on innovation in African 

agriculture, ensuring that future reforms are 

better tailored to the specific needs of Beninese 

farmers. 

Theoretical considerations  

This research is grounded in two key 

theoretical frameworks: Anthony Giddensô 

theory of structuration [14] and Michel de 

Certeauôs theory of social appropriation [7]. 

Giddensô theory of structuration, operating 

within a political sociology perspective, posits 

that societal changes impact organizational 

structures through recursive processes [29]. 

Understanding the appropriation of public 

actions, according to this theory, necessitates a 

focus on social interactions, actorsô 

experiences, autonomy, and competencies 

[14]. The perceived dysfunctions or resistances 

should be viewed as dynamic stages of usage 

modification and appropriation, rather than 

static problems [37]. Appropriation, in this 

context, refers to the ways in which facts or 

objects are used, adapted, and reproduced 

within specific socio-cultural contexts [34]. 

Actorsô responses to change are thus context-

dependent, shaped by their intrinsic 

dispositions and the interplay between 

structure and agency [20]. 

The analytical focus shifts from actions to 

actors, aligning sociological research with the 

theory of appropriation, which is often 

employed in social psychology. Unlike 

innovation diffusion approaches that 

emphasize user profile disparities, 

appropriation theory highlights the social 

construction of usage through the meanings 

attributed by users [30]. This perspective 

underscores the agency of individuals in 

creatively and subversively engaging with 

imposed systems and structures [11]. Everyday 

practices are viewed as active and strategic 

engagements, not merely passive consumption 

[27].  
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Social appropriation, as defined by [30], 

involves analyzing the formation of usersô 

viewpoints. It is characterized as a complex 

process of interpretations, attitudes, and 

behaviors through which actors respond to 

change [34]. 

In the context of this study, applying these 

theories to understand the appropriation of 

institutional reforms by farmers in Benin 

requires a focus on individual perspectives and 

intrinsic characteristics.  

These characteristics, including profiles, 

experiences, perceptions, and reactions, will be 

used to assess farmersô knowledge, 

understanding, adherence, and support for the 

reforms related to the Territorialization of 

agricultural development and Agricultural 

Sector Governance (Fig. 1).  

This framework facilitates a nuanced 

examination of how farmers navigate and 

adapt to structural changes within the 

agricultural sector, providing insights into the 

social construction of reform implementation. 
 

 
Fig. 1. Conceptual Framework of Appropriation of 

Agricultural Reforms. 

Source: Authorsô preparation. 

 

MATERIALS AND METHODS  

 

Study area and sampling 

This nationwide study was conducted across 

85 villages, distributed among the seven 

Agricultural Development Poles (Fig. 2). 

Structured interviews were carried out with 

1,501 agricultural household heads, with the 

sample size determined using the formula by 

[15], a method commonly applied in 

agricultural surveys. 

ὲ ρ Ὤ.............(1) 

 

The sample size was calculated using the 

following parameters: a confidence level of 

‌=5%; a quantile of order (1 ï ‌)=1.96; a non-

response rate of h=3%; ὴ=0.5, representing the 

proportion of agricultural households; a cluster 

effect of ὨὩὪὪ=1.5; and a precision of Ὠ=5%. 

Data collection methods and tools 

This research employed a complementary 

approach, utilizing both secondary and primary 

data. Secondary data were gathered through a 

literature review of scientific publications, 

study reports, and information briefs on the 

research topic.   

 

 
Fig. 2. Location of study sites 

Source: Authorsô preparation. 

 

Primary data were collected via structured 

individual interviews with agricultural 

producers, using a pre-tested questionnaire. 

The study explored three dimensions of reform 

appropriation: interpretation, attitude, and 

behavior, as defined by [30].  

Ten (10) items were used to assess farmersô 

appropriation of the reforms: four items related 

to the interpretation of the reforms, three to 

farmersô attitudes towards the reforms, and 
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three to their behaviors in relation to the 

reforms.  

Each item was evaluated by farmers using a 

five-point Likert scale, ranging from -2 

(strongly disagree) to 2 (strongly agree), with a 

neutral point of 0. 

The volatility is higher when the variation 

coefficient is higher. 

Data analysis methods and tools 

The analysis of farmersô appropriation of 

institutional reforms adopted a descriptive 

approach, based on the calculation of a 

weighted average score. This score, obtained 

using the formula  (where  

represents the modalities of the Likert scale 

and  their absolute frequency), falls within 

the interval [-2; 2]. A score close to 2 indicated 

a positive opinion, a score close to -2 indicated 

a negative opinion, and a score close to 0 

indicated a lack of significant trend [6]. 
 
Table 1. Reforms appropriation evaluation grid 

Average 

Score 
Opinion 

Dimensions 

Interpretation  Attitude  Behavior 

[-2, 0[ Negative 
"Limited knowledge 

or understanding" 

"Limited 

adherence" 

"Limited 

support" 

0 Neutral 
"Moderate knowledge 

or understanding" 

"Moderate 

adherence" 

"Moderate 

support" 

]0, 2] Positive 
"Good knowledge or 

understanding" 

"Strong 

adherence" 

"Strong 

support" 

Source: Adapted from Ramdé et al. (2020). 

 

The evaluation grid for reform appropriation is 

presented in Table 1. 

Furthermore, a Logit model was employed to 

analyze the determinants of reform 

appropriation among farmers. This model is 

frequently used to relate a binary dependent 

variable to continuous or categorical 

explanatory variables [22]. In this study, the 

dependent variable was defined based on 

previous research [30], which concluded that 

appropriation can only be measured through 

actorsô behavior. Behavior is perceived as a 

factual reflection of actorsô cognitions 

(interpretations) and attitudes (affections) 

towards reforms. Consequently, an average 

appropriation index at the behavioral 

dimension level, ranging from [0, 1], was 

generated for each farmer by summing the 

number of items with positive points (agree or 

strongly agree) and dividing by the total 

number of items. 

 

 
.....................................................................(2) 

For example, if a farmer agreed or strongly 

agreed with 2 items, their average index is 

2/3=0.66. An average index greater than or 

equal to 0.6 is interpreted as reform 

appropriation [35].  

Let ὣ be a binary dependent variable, taking 

the value 1 if a farmer has an average index 

greater than or equal to 0.6, and 0 otherwise; ὢ 

is a vector of independent variables that 

influence ὣ. The Logit model is based on the 

logistic distribution function, defined as: 

.........(3) 

where:  is the conditional 

probability that ὣ equals 1, given the values of 

ὢ;  is the base of the natural logarithm; 

 are the model coefficients; 

  are the independent variables. 

Additionally, the logit function  is 

used to transform the conditional probability 

into a linear function of the independent 

variables. 

...............................(4) 

With ὴ being the probability of the studied 

phenomenon. The Logit model can be 

mathematically expressed as: 

...............(5) 

The model coefficients were estimated using 

the maximum likelihood method [12]. The 

variables expected to explain reform 

appropriation are presented in Table 2. 

 

Table 2. Annual variation coefficient  
Variables Nature Categories 

Age of the farmer Quantitative --- 

Literacy 
Binary 

qualitative 

1=Yes; 

0=No 

Number of years spent in school Quantitative --- 

Activity diversification 
Binary 

qualitative 

1=Yes; 

0=No 

Membership in a farmers' 

organization (FO) 

Binary 

qualitative 

1=Yes; 

0=No 

Membership of the FO board 
Binary 

qualitative 

1=Yes; 

0=No 

Change in status/structuring after 

2016 within the FO 

Binary 

qualitative 

1=Yes; 

0=No 

Formalization of the farm  
Binary 

qualitative 

1=Yes; 

0=No 

Knowing private extension service 

providers 

Binary 

qualitative 

1=Yes; 

0=No 
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Cotton farming 
Binary 

qualitative 

1=Yes; 

0=No 

Cashew farming 
Binary 

qualitative 

1=Yes; 

0=No 

Soybean farming 
Binary 

qualitative 

1=Yes; 

0=No 

Source of knowledge of the reform: 

Peers 

Binary 

qualitative 

1=Yes; 

0=No 

Access to fertilizers 
Binary 

qualitative 

1=Yes; 

0=No 

Access to agricultural extension 
Binary 

qualitative 

1=Yes; 

0=No 

Access to phyto treatment products 
Binary 

qualitative 

1=Yes; 

0=No 

Understanding the content of the 

reform 

Binary 

qualitative 

1=Yes; 

0=No 

Understanding the 

importance/necessity of the reform 

Binary 

qualitative 

1=Yes; 

0=No 

Exclusive approach in 

formulation/design 

Binary 

qualitative 

1=Yes; 

0=No 

Increase in production and income 
Binary 

qualitative 

1=Yes; 

0=No 

Source: Authorsô preparation. 

 

RESULTS AND DISCUSSIONS 

 

Socio-economic characteristics of the 

farmers 

The surveyed farmers were predominantly 

male, with a relatively young average age of 46 

years (Table 3). Over half of the respondents 

had received formal education, averaging 8 

years of schooling, while one-third were 

literate. Furthermore, nearly half were 

members of a Farmer Organizations that had 

undergone structural changes post-2016.  
 

Table 3. Characteristics of the farmers  

Socio-economic 

Characteristics 
Modalities Average 

Gender 
Male 96.60% 

Female 3.40% 

Age (in years) 
45.79 

(11.94) 

Formal Education (% Yes)  51.43% 

Average Years of Schooling 
7,55 

(3,76) 

Literacy (% Yes) 33.51% 

Secondary Activity (% Yes) 48.77% 

Member of Farmer organizations (% oui) 42.50% 

Change in the FO status/structuring after 2016  43.73% 

Knowledge of the Territorialization of Agricultural 

Development reform (% yes) 
16.92% 

Knowledge of Agricultural Sector Governance reform 

(% yes) 
45,90% 

Source: Authorsô calculation. 

 

Regarding institutional reforms, farmers 

demonstrated greater familiarity with 

Agricultural Sector Governance than with 

Territorialization of Agricultural 

Development. Training workshops led by 

extension agents, peer-to-peer exchanges, and 

radio broadcasts were the primary sources of 

information on these reforms. In contrast, 

social networks and television played a less 

significant role (Figure 3). 
 

 
Fig. 3. Sources of knowledge on institutional reforms 

Source: Authorsô Computation. 

 

Appropriation of institutional reforms by 

farmers 

The evaluation of farmers' interpretation of 

institutional reforms, conducted using four 

indicators, reveals limited comprehension 

(Table 4). Specifically, farmers exhibited a 

negative tendency regarding their "knowledge 

of the development process," "understanding 

of the content," and "participation in the 

development" of both reforms. However, over 

half of the farmers displayed a positive 

perception of the utility of the 

Territorialization of Agricultural 

Development, compared to only one-tenth for 

Agricultural Sector Governance. 

The assessment of farmers' attitudes towards 

the reforms demonstrated a stronger 

endorsement (¾ of the surveyed farmers) of the 

necessity to improve the agricultural sector 

through enhanced governance. Conversely, 

farmers were less favorable towards the 

establishment of agricultural development 

hubs. Similarly, the majority of farmers 

considered the formulation process of both 

reforms to be exclusive. Nevertheless, more 

than half of the farmers believed that 

territorialization would increase agricultural 

production and income. This attitude contrasts 

with that observed for Agricultural Sector 

Governance. 

Finally, the analysis of farmers' behavior in 

response to the reforms, based on three 

indicators, indicated low appropriation rates 

(20% for territorialization and 7% for 

Agricultural Sector Governance). However, 
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farmers expressed a sense of resignation, 

perceiving their voices as inconsequential. 

The appropriation of reforms by farmers was 

assessed based on their behavior towards these 

reforms. The results indicate that farmers 

expressed a strong negative sentiment 

regarding their exclusion from the 

development of both reforms. This finding 

corroborates the conclusions of [41], who 

highlighted the instrumentalization of 

stakeholder participation in the agricultural 

sector, leading to low adherence, particularly 

in the implementation of reforms. As [33] 

asserted, reform cannot be limited to the 

intentions and actions of governing bodies but 

must include a synergy of action from all 

stakeholders involved, from conception to 

evaluation. Furthermore, the research revealed 

a limited knowledge of the reforms among 

farmers. Similar trends concerning reforms in 

education were observed [35]. Supporting [10], 

these authors emphasized the necessity of 

transparent information for the recipients of 

change to prevent misunderstandings, rumors, 

and anxiety, and to ensure a better 

understanding of the change. 

Moreover, the results reveal significant support 

from farmers for Agricultural Sector 

Governance, perceived as beneficial for the 

sector. This observation aligns with [8], who 

affirmed that well-designed and implemented 

agricultural policies enhance agricultural 

sustainability and performance. Conversely, 

the evaluation of Territorialization of 

Agricultural Development by surveyed 

farmers was negatively connoted. 

Additionally, a consensus emerged regarding 

the exclusive nature of the approach adopted 

during the design of both reforms. The absence 

of a participatory approach in the development 

of agricultural policies in Benin had been 

observed [39]. To address this gap, [18] 

advocated for inclusive participation of all 

actors, equipped with diverse resources and 

action logics, throughout the decision-making 

process, to facilitate acceptance and 

involvement in the change. Furthermore, very 

few farmers supported the institutional reforms 

in the agricultural sector. It was also found that 

students showed little support for the LMD 

system reform in Burkina Faso [35]. Despite 

this, farmers rarely criticized the two reforms 

because they felt resigned. Their discourse 

reflects a sense of inability to influence the 

course of the decision regarding the reforms. 

This stance confirms that of [10], for whom the 

failure of changes is often due to poor 

consideration of the human factor, which 

constitutes the cornerstone of any change. 

Determinants of the appropriation of the 

reforms 

The factors influencing the appropriation of the 

two reforms under investigation are presented 

in Table 5. The goodness-of-fit test (Chi-

squared statistic) associated with each model 

indicated that the estimations were globally 

significant at the 1% level. Literacy, soybean 

cultivation, access to agricultural services 

(agricultural advisory and treatment products), 

and the comprehension of the importance or 

necessity of the reform positively influenced 

the appropriation of the Territorialization of 

Agricultural Development reform. Conversely, 

the age of the farm manager, diversification of 

income sources, information received from 

peer farmers, and the perception that the 

formulation process was exclusive had a 

negative effect on the appropriation of 

Territorialization of Agricultural 

Development.  

Regarding Agricultural Sector Governance, its 

appropriation by farmers was determined by 

literacy, diversification of economic activities, 

cotton and soybean cultivation, access to 

fertilizers, and the perception of a positive 

effect of the said reform on agricultural 

production and income. In contrast, farmer 

membership in an agricultural producer 

organization, information obtained through 

peers, and exclusion in the design process 

negatively influenced the appropriation of 

Agricultural Sector Governance. The findings 

reveal a diversity of factors explaining the 

appropriation of reforms introduced in the 

Beninese agricultural sector. The most 

significant factors are the intrinsic 

characteristics of farmers, their social network, 

cultivated crops, and farmers' interpretations 

and attitudes towards the reforms.  
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Table 4. Appropriation of institutional reforms by farmers 

Items 
Strongly 

Disagree (=-2) 

Disagree 

(=-1) 

Neither Disagree 

nor Agree (=0) 

Agree 

(=1) 

Strongly 

Agree (=2) 
Total 

Mean 

Score 

Territorialization of Agricultural Development (TAD) reform 

Participation in development 144 108 0 0 2 254 -1,54 

Knowledge of development process 102 148 1 2 1 254 -1,37 

Understanding of the reform content 60 154 9 0 31 254 -0,83 

Understanding of the reform utility 12 41 32 156 13 254 0,46 

Importance/relevance of the reform 30 139 24 50 11 254 -0,50 

Exclusive formulation/design process 28 25 5 139 57 254 0,68 

Increase in production and income 13 74 10 145 12 254 0,27 

Open criticism 34 155 5 50 10 254 -0,60 

Farmer resignation 4 60 22 133 35 254 0,53 

Support the reform 31 159 11 46 7 254 -0,63 

Agricultural Sector Governance (ASG) reform 

Participation in development 416 309 14 6 2 747 -1,51 

Knowledge of development process 332 394 16 3 2 747 -1,41 

Understanding of the reform content 266 435 26 18 2 747 -1,27 

Understanding of the reform utility 177 405 75 75 15 747 -0,88 

Importance/relevance of the reform 30 89 55 476 97 747 0,70 

Exclusive formulation/design process 42 39 19 392 255 747 1,04 

Increase in production and income 161 429 58 84 15 747 -0,85 

Open criticism 93 333 27 241 53 747 -0,23 

Farmer resignation 10 49 36 466 186 747 1,03 

Support the reform 205 461 28 36 17 747 -1,07 

Source: Authorôs calculation.  

 

Table 5. Determinants of Reform Appropriation by 

Farmers 
Variables TAD ASG 

Age  -0.07** 0.01 

Literacy 3.66***  0.56***  

Years of Schooling -0.01 0.01 

Engagement in Secondary Non-

Agricultural Activities 
-1.39** 0.35** 

Membership in Agricultural 

Producer Organization 
-0.88 -0.72***  

Source of Reform Knowledge: 

Peers 
-3.72***  -0.88***  

Cotton Cultivation 0.14 0.45** 

Cashew Cultivation 0.06 0.22 

Soybean Cultivation 2.05** 0.61** 

Access to Fertilizers 3.13***  0.74***  

Access to Agricultural Advisory 

Services 
3.58***  -0.12 

Access to Treatment Products 3.15** -0.35 

Understanding of Reform Content 0.34 0.19 

Perceived Importance/Necessity of 

Reform 
8.74***  -0.10 

Perception of Exclusive 

Formulation/Design Process 
-2.47***  -0.58** 

Perceived Increase in Production 

and Income 
0.32 1.03***  

Constant -9.02***  -0.00 

Number of observations 224 747 

Wald-LR chi2 (df) 181.98*** 114.77*** 

Pseudo R2 0.65 0.15 

Note: *, ** and *** denote significance at the 10%, 5%, 

and 1% levels, respectively 

Source: Authorôs calculation.  

 

Regarding the characteristics of farmers, it was 

observed that the age of the farmer is 

negatively correlated with the appropriation of 

the Territorialization of Agricultural 

Development reform. This result is explained 

by the fact that older individuals resist change 

more than younger ones, due to their life 

experience and attachment to established 

habits and values [16]. Moreover, literate 

farmers adhered more to the reforms. This 

category of farmers had a greater capacity to 

access and understand information related to 

new policies and could be actively involved in 

the consultation and implementation processes 

of reforms directly concerning them. Literate 

farmers generally have a better understanding 

of the issues, which helps them make informed 

decisions, facilitates their adherence, and 

strengthens their sense of ownership [24]. In 

contrast, the influence of farmers' engagement 

in secondary non-agricultural activities on 

reform appropriation is mixed. It positively 

influences the "Agricultural Sector 

Governance" reform by providing additional 

financial resources [5]. However, it hinders the 

appropriation of the "Territorialization of 

Agricultural Development" reform due to 

farmers' reluctance to modify their production 

system, as this reform may impede their 

secondary non-agricultural activities. 

The farmers' social network has a negative 

influence on the appropriation of reforms in the 

agricultural sector, notably explained by the 
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resistance of members of agricultural producer 

organizations. These resistances are due to the 

divergence of interests and objectives pursued 

by the reform and those pursued by the 

organizations. Similarly, the negative 

influence of "peers" as a source of knowledge 

on reform appropriation is explained by the 

degree of trust in information obtained from 

this channel rather than other sources. 

However, the literature shows that membership 

in a producer organization facilitates the 

appropriation of innovations through 

exchanges and sharing of experiences among 

farmers [24]. Producer organizations facilitate 

policy appropriation through their 

participatory consultation [28]. 

The results also indicated that farmers 

cultivating cotton and soybeans are more likely 

to support agricultural reforms. Indeed, 

reforms are more favorable to industrial crops, 

which are better targeted by public policies in 

the agricultural sector (notably subsidies, 

provision of inputs on credit, low-interest 

loans, etc.). Farmers cultivating these crops are 

therefore more inclined to accept and support 

the reforms. Similarly, farmers' access to 

agricultural services positively influences 

reform adoption. This result is justified by the 

fact that access to agricultural services is 

perceived as a positive effect of the changes 

made in the sector. Access to agricultural 

services strengthens farmers' institutional 

capacity by facilitating their integration into 

support and communication networks, a key 

element for reform appropriation [23]. 

Finally, farmers' attitudes, expressed by 

statements such as "the reforms were necessary 

for the sector" and "with the reforms, my 

agricultural production has increased," 

positively influence reform appropriation. The 

more favorably farmers perceive the reform, 

the more they invest in it. According to [3], a 

person's belief in their ability to achieve a goal 

determines their motivation and commitment. 

Similarly, [35] showed a correlation between 

the positive perception of reforms and the 

support they receive. Concerning [36] thesis, 

the relative advantage of reforms over existing 

solutions increases farmers' adherence. 

Furthermore, farmers' perception of the reform 

development process influences their adoption. 

In other words, the more farmers feel excluded, 

the more negatively connoted their 

appreciation of the reforms is. The exclusion of 

stakeholders hinders their understanding of the 

issues and challenges of the reforms, thereby 

reducing their adherence. Land reforms 

introduced without the involvement of local 

farmers create uncertainty about their rights 

and the impact of laws on their activities [38].  

 

CONCLUSIONS 

 

This study has illuminated the complex 

dynamics surrounding the appropriation of 

agricultural reforms in the Beninese context, 

revealing a significant disparity between policy 

intent and farmer engagement. Specifically, 

research has demonstrated that farmers possess 

a limited knowledge and understanding of the 

institutional reforms implemented, which acts 

as a fundamental impediment to their effective 

appropriation. Furthermore, the analysis 

showed that intrinsic farmer characteristics, 

social networks, cultivated crops, and 

individual interpretations and attitudes are 

important in shaping reform support. The study 

shows the value of using mixed methods that 

fully catch farmers' subtle views by putting 

together quantitative studies of what affects 

appropriation and qualitative understandings 

into farmer opinions and experiences. Future 

research should also track how institutional 

innovations adoption and effect change over 

time through longitudinal studies, and 

participatory research methods should be used 

to empower farmers in the evaluation process. 

This research reinforces the importance of 

social capital as well as information 

asymmetries in completely shaping reform 

outcomes. Future theoretical work should 

investigate how formal institutions and 

informal ones work together on agricultural 

reform, especially looking at how farmer 

organizations play a part.  

The results show that the stakeholders involved 

should get information about institutional 

changes. Using a number of varied 

communication channels appropriate for the 

context, like radio as well as local language 

resources, in addition to farmer-to-farmer 

outreach, remains important as far as rural 
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communities are concerned. The study 

additionally stresses the need for reform 

development processes that are fully all-

embracing and participatory.  
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Abstract 

 

The evolution of the value of agricultural land is influenced by a range of socio-economic factors, including the 

standard of living of the rural population and the national demographic, economic, and political context.The Republic 

of Moldova is a predominantly agrarian country, where agricultural land constitutes the most important natural 

resource. In this context, the development and implementation of a complex system of rights, restrictions, interests, 

obligations, and responsibilities is necessary to ensure the efficient use of land. The establishment of such a system 

requires a thorough analysis of the market value dynamics of agricultural land, as well as the size of the areas included 

in the market circuit. The present study aims to analyze the dynamics of the agricultural land market in the Republic 

of Moldova over the past 25 years and to identify the main factors that underpin its efficient development. The present 

study is based on the analysis of previous research conducted by both domestic and foreign authors, as well as on the 

use of systematized data from the Real Estate Register. From a methodological point of view, there were applied: 

statistical data analysis, graphical trend analysis, systemic analysis of ongoing processes and phenomena and also 

synthesis of the main aspects and results. The value trends of agricultural land and the factors influencing them were 

identified. The study also highlighted the main issues related to the agricultural land market and formulated 

recommendations for regulatory measures. The evolving value of agricultural land can serve as an important 

indicator of the social, economic, and ecological development of local communities, as well as of the country as a 

whole. The liberalization of land transactions, particularly for agricultural land, is a critical factor for the efficient 

functioning of the land market, with complex and multidimensional implications for the agricultural economy and 

society as a whole. This process can generate both positive effects, such as more efficient land use and increased 

investment, and negative effects, manifested in the excessive concentration of land ownership, land speculation, and 

the exacerbation of socio-economic imbalances in rural areas. 

 

Key  words: transactions, market price, agricultural land, land market, valuation of agricultural land plots 

 

INTRODUCTION  
 

A quarter of a century (1999ï2024) has passed 

since the initiation of the development process 

of the agricultural land market in the Republic 

of Moldova. Considering that the agricultural 

sector contributes over 10% to the national 

GDP, and that agricultural land constitutes the 

countryôs most important natural resource, 

monitoring trends and the dynamics of key 

indicators is essential for assessing the current 

state and development prospects of the land 

market, regarded as a strategic segment of the 

overall market management mechanism. 

Furthermore, land sale and purchase 

transactions, conducted through direct 

negotiations between owners and buyers, 

provide an objective and reliable basis for 

determining the market prices of these lands. 

As a result, the costs of other forms of trading 

in agricultural areas, including exchanges of 

agricultural land, donations, changes in the 

purpose of the respective lands etc., are 

objectively and reasonably assessed.     

Consequently, as a result of a diverse range of 

land transactions conducted across the entire 

territory of the Republic of Moldova over the 

past 25 years, under conditions of a free and 

equitable market, favorable conditions have 

been created that have, de facto, stimulated the 

execution of a significant number of 
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transactions, through which agricultural land 

plots have been transferred from one 

generation of farmers to the next. As 

previously noted, the revitalization of the 

agricultural land market and the emergence of 

the first sale and purchase transactions of such 

land in the Republic of Moldova were recorded 

beginning in 1999 [7]. However, the actual 

development of the agricultural land market 

can be situated in 2000, following the 

completion of the first stage of the land reform, 

when the National ñLandò Program was 

successfully implemented and the property 

rights of hundreds of thousands of local 

landowners were registered in the Real Estate 

Registry. 

 Although during the operation of the above-

mentioned program, drastic measures were 

taken to prevent over-parceling of agricultural 

land. During the stage of agricultural land 

privatization carried out between 1998 and 

2000 in the Republic of Moldova, the average 

size of agricultural land allocated per person 

included in the privatization list was recorded 

at 1.7 hectares, in accordance with the 

provisions of the Land Code. According to the 

data from the first (and, indeed, only) General 

Agricultural Census, in the 2011 there were 

902,214 agricultural holdings, of which only 

3,609 were holdings as legal entities, the rest ï 

898,605 holdings ï without legal personality. 

In total, agricultural holdings owned 

2,243,540.02 hectares, of this, the utilized 

agricultural area (UAA) amounted to 

1,940,135.56 hectares, corresponding on 

average to 2.15 hectares per agricultural 

holding [10, 6]. For comparison, it should be 

noted that at the beginning of the agrarian 

reform implemented in the Republic of 

Moldova during 1998ï2000, within the 

framework of the National ñLandò Program, 

the agricultural activity was concentrated 

within approximately 1,000 large agricultural 

enterprises (kolkhozes and/or sovkhozes), so 

the total number of agricultural holdings 

during the reform years increased hundreds of 

times [3, 4, 5, 2]. 

Racul and Cimpoies (2012) highlighted that 

the factors which determine the land market for 

agricultural purposes in Republic of Moldova 

are linked to land quality, fertility, 

productivity, geographical position, proximity 

to local or national roads and owners' economic 

status [11]. 

Racul et al (2013) referred to the creation of a 

Land Bank or Investment funds to improve the 

land buy/sell transactions transaction system, 

develop financial tools necessary for 

increasing land market efficiency [12]. 

Turetchi and Turechi  (2022) analyzed the 

evolution of land fund in the 22 and 21 

centuries  in the Republic of Moldova. In the 

year 2021, they affirmed that in the country 

there were 1,283,239 landowners, 307,783 

farms, working 1,376.1 thousand ha, meaning 

an average farm size 1.66 ha/farm [14]. 

The objective of this research is to analyze the 

evolution of the agricultural land market in the 

Republic of Moldova over the past 25 years 

(1999ï2024) and to identify the main 

challenges and solutions for its efficient 

functioning in the future. 

In this context, the primary aim of the study 

stems from the need for a detailed analysis of 

the agricultural land market's development 

during the specified period, highlighting the 

main trends and growth patterns, as well as its 

connections with other segments of the market 

economy, particularly the capital and labor 

markets. 

 

MATERIALS AND METHODS  

 

This study focuses on the analysis of the 

agricultural land market in the Republic of 

Moldova over a 25-year period, beginning in 

1999. The research aims to identify the main 

dysfunctions of the land market and to 

formulate strategic directions and solutions for 

its efficient and sustainable development over 

the medium and long term. 

The study is based on the national legal 

framework governing land relations, as well as 

on detailed, systematized, and processed 

statistical data sourced from the Real Estate 

Registry. The systematized data were analyzed 

for the entire territory and structured according 

to the development regions of the Republic of 

Moldova. In this study, the following key 

indicators were examined: the area of 

agricultural land involved in the transaction 

process and the average sale-purchase price per 
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hectare of agricultural land. The study also 

includes a comparative analysis of 

international experience, highlighting the role 

of the land market as a critical factor in 

promoting social, economic, and 

environmental development in countries. 

To accomplish the proposed objectives, a range 

of scientific research methods were applied, 

including: statistical observations and analysis 

of data, graphical analysis of evolutionary 

trends, statistical indices, grouping, 

extrapolation, methods of analysis and 

synthesis, comparisons, along with other 

systemic and complementary approaches. 

The selection and application of these research 

methods were determined by the specific 

nature and complexity of the issues under 

investigation. 

 

RESULTS AND DISCUSSIONS 

 

The 2030 Agenda for Sustainable 

Development [15] acknowledges that social 

and economic development is fundamentally 

dependent on the sustainable management of 

limited natural resources, with land 

constituting a key component of this system. 

As the primary sector of the national agro-food 

complex, agriculture in the Republic of 

Moldova currently provides over 18.5% of 

available employment and contributes 10.1% 

to the countryôs gross domestic product (GDP). 

Obviously, taking into account the processing 

of agricultural raw materials in industrial 

enterprises, the transportation of agri-food 

products and/or materials, their marketing, etc., 

the total contribution of the agricultural sector 

to the country's economic activity is much 

more considerable. To support the agricultural 

sector to be at an expected level of economic 

efficiency, annual investments in this area have 

been strongly sustained by the state. 

In recent years, investments have consistently 

exceeded 3.0 billion MDL (at current prices). 

Over the past quarter-century (1999ï2024), a 

significant share of the total investment flow in 

this sector has been directed toward the 

acquisition of agricultural land, given that its 

market value has experienced continuous 

growth during the period under analysis.  

In the context of a comprehensive analysis of 

the revitalization process of the agricultural 

land market in the Republic of Moldova, it is 

important to note that, for more than a decade 

(the 1990s), there were unsuccessful attempts 

to replace this market with artificial economic 

mechanisms and instruments.  

The widespread use of various forms of 

agricultural land lease is taken into account, 

primarily - operated within economically 

inefficient agricultural enterprises, regardless 

of whether they are collective farms (private 

structures) or state farms - state enterprises.  

Operating under a common slogan (Lease - the 

path to abundance) small, medium or large 

groups of lessees, some of which are based on 

family relationships (the so-called - family 

lease), compared to over-bureaucratized 

enterprises, such as collective farms and state 

farms themselves, have indeed demonstrated 

much better operating results. Thus, these 

entities, as time has shown, became the 

primary initiators of the privatization process 

for all forms of agricultural assets, particularly 

agricultural land, livestock complexes, and 

agri-technical equipment. Although the 

weighted average area of agricultural land in 

the Republic of Moldova at that time was only 

1.7 ha for a single person, in most cases this 

piece of land was divided into at least 3 

separate plots: arable land, vineyard and/or 

orchard plantation. In some cases, part of 

orchards or vineyards areas were strongly 

differentiated by age and they were also 

divided. 

It follows that it is necessary to emphasize that, 

in addition to its primary functionðthe orderly 

transfer of agricultural land from one 

generation of farmers to the nextðthe 

agricultural land market in the Republic of 

Moldova is currently successfully 

implementing the second stage of land reform, 

namely the process of consolidating 

agricultural land based on private ownership. 

The physical and economic indicators 

reflecting the efficient functioning of the land 

market in the Republic of Moldova over the 

past 25 years are presented in Table 1 and 

illustrated graphically in Figure 1. 

A generalized analysis of the data compiled in 

Table 1 and Figure 1 shows that, over the entire 
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period of land market development, a total of 

427,048.1 hectares of agricultural land, 

representing 19% of the total area (excluding 

the territories on the left bank of the Dniester), 

were involved in the civil market through sale 

and purchase transactions. 

 
Table 1. Main physical and economic characteristics of 

the functioning of the agricultural land market in the 

Republic of Moldova 

Years 
Area 

ha 

Amount of 

transactions,  

MD lei  

Average Price   

MD lei/ha 

1999 6,342 21,562,800.0 3,400.0 

2000 7,338.0 27,055,206.0 3,687.0 

2001 8,539.0 25,258,362.0 2,958.0 

2002 1,616.0 5,071,008.0 3,138.0 

2003 32,323.0 119,368,839.0 3,693.0 

2004 43,878.0 141,111,648.0 3,216.0 

2005 21,825.0 104,279,850.0 4,778.0 

2006 28,096.0 195,688,640.0 6,965.0 

2007 16,303.2 155,527,637.0 9,539.7 

2008 35,145.4 299,104,926.7 8,510.5 

2009 25,214.0 224,689,518.2 8,911.3 

2010 19,021.2 313,896,287.3 16,502.5 

2011 19,930.0 267,938,920.0 13,444.0 

2012 10,159.0 139,371,321.0 13,719.0 

2013 12,906.0 216,627,210.0 16,785.0 

2014 15,652.7 311,117,380.7 19,851.0 

2015 18,379.9 326,375,435.2 17,669.0 

2016 18,201.0 410,550,857.0 22,556.5 

2017 18,082.0 494,651,941.2 27,356.0 

2018 16,349.6 322,561,659.6 19,729.1 

2019 17,215.8 405,304,693 23,542.6 

2020-2021* 4,190.4 209,851,112 50,078.9 

2022 11,483.3 638,597,140.1 55,610.8 

2023 9,805.0 936,012,186.7 95,462.7 

2024 9,052.6 1,236,504,312.4 136,590.7 

Total 427,048.1 7,225,517,231.5 - 

* The deviations observed in the data for 2020ï2021 can 

be attributed to the impact of the COVID-19 pandemic. 

Source: [13]. 
 

At the same time, the market value of one 

hectare of agricultural land during the analyzed 

period increased more than 40.1 times, 

reaching 136,590 MDL, equivalent to 7,613.75 

USD, according to the official exchange rate as 

of April 1, 2025. 

Within market-based land relations, the land 

market constitutes a key instrument that 

enables participants to freely exercise their 

rights in the process of transferring and 

acquiring land ownership [18].  

Much more important, however, is the fact of 

the differentiation of market prices not in time, 

but in space.  

If, for example, the range of prices (maximum 

price/minimum price) for the sale-purchase of 

agricultural land in the first years of the 

operation of the land market at the district level 

was 7.9 times, then in the last year of analysis 

this indicator became equal to 31.75 times 

(Chisinau municipality, including Ialoveni 

district versus CŁinari district). 

More detailed regional data on the main 

indicators: area of land sold-purchased, 

average price of a hectare sold-purchased and 

total amount of transactions in 2024, are 

reflected in Tables 2 and 3. 

The zonal (geographical) aspect of the 

functioning of the land market in 2024 is 

presented in Table 4 (Fig. 2 and Fig. 3). 

The land market has also been examined by the 

author in previous publications [16,17], with a 

focus on saleïpurchase transactions. 

Encouraging investment in the agricultural 

sector, aimed at motivating farmers to utilize 

and cultivate larger areas of agricultural land, 

remains a major priority.  

Research shows that agricultural land located 

near urban areas commands the highest prices, 

while land in rural areas generally exhibits 

lower price levels. 

Furthermore, agricultural land in regions with 

a more developed agricultural sector is traded 

at higher prices. 

The market value of agricultural land is 

significantly influenced by soil fertility as well 

as the location of the land relative to market 

outlets. A study on the stages of evolution of 

the agricultural land market in the Republic of 

Moldova [8] examines the processes that have 

fundamentally shaped the rural land market, 

highlighting the need to improve or develop a 

regulatory legal framework in line with the current 

needs of societal development. 
The lack of transparency in the agricultural 

land transaction process, combined with 

limited access to reliable data sources on 

transactions, currently constitutes a significant 

constraint in the context of implementing 

modern valuation models [1].  To enhance 

transparency and efficiency in the real estate 

market, the Information System (IS) ñRegistry 

of Real Estate Pricesò [9] was established. It 

serves as a centralized mechanism for 

collecting, storing, updating, and accessing 

data on sale and rental prices, land areas, 

property listings, and public property valuation 

reports.
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Fig. 1. Graphical representation of the main indicators of the functioning of the agricultural land market in the 

Republic of Moldova 

Source: [13]. 

 

Table 2. Key Indicators of the Functioning of the Agricultural Land Market in 2024, by Regions of the Republic of 

Moldova 

Regions (geographical 

areas), districts 
Area, ha 

Amount of transactions, 

MD lei 
Price for 1 ha, MD lei 

NorthernRegion 

Briceni 432.12 22,429,829.40 51,906.90 

Donduĸeni 303.86 26,475,196.96 87,128.30 

Drochia 496.10 22,188,761.46 44,726.37 

FŁleĸti 404.43 34,360,943.0 84,962.36 

Floreĸti 115.43 12,255,979.69 106,172.77 

Glodeni 280.27 22,060,781.37 78,713.53 

OcniŞa 224.94 19,446,083.99 86,451.44 

R©Ἠcani 419.84 21,452,097.46 51,096.03 

Sângerei 170.21 33,339,740.67 195,878.30 

Total  2,847.19 214,009,414.0 75,165.15 

Central Region 

Anenii Noi 578.98 63,455,599.22 109,598.82 

CŁlŁraĸi 202.77 11,693,447.87 57,667.56 

Criuleni 191.07 25,268,464.31 132,246.33 

DubŁsari 226.69 47,756,575.83 210,665.19 

Nisporeni 144.16 10,231,406.41 70,973.26 

Rezina 67.31 21,661,392.26 321,805.33 

ἧoldŁneἨti 206.81 10,637,915.43 51,438.83 

Teleneĸti 124.65 6,549,314.0 52,541.42 

Total 1,742.45 197,254,115.3 113,205.18 

Southern Region 

Cantemir 91.42 4,184,241.4 45,768.98 

CŁinari 70.79 1,907,687.59 26,947.02 

CŁuĸeni 298.56 17,302,502.91 57,954.06 

Ceadir Lunga 151.97 7,459,642.2 49,086.41 

Cimiĸlia 220.35 20,920,317.88 94,939.37 

Comrat 177.33 13,123,476.53 74,004.16 

Leova 40.00 2,852,974.7 71,324.01 

Taraclia 65.50 7,763,133.66 118,516.24 

ķtefan VodŁ 76.60 9,873,721.59 128,902.28 

Vulcanesti 29.15 1,447,292.26 49,652.72 

Total 1,221.68 86,834,990.72 71,078.43 

GENERAL TOTAL  5,811.32 498,098,520.1 85,711.83 

Source: [13]. 
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Table 3. Analysis of the Functioning of the Land Market in Urban and Suburban Regions of the Republic of Moldova, 

2024 

Regions (geographicalareas), 

municipalities (districts) 
Area, ha 

Amount of transactions, 

MD lei 

Price for 1 ha, MD 

lei/ha 

Northern Region 

mun :BŁlἪi 24.11 3,439,670.07 142,674.58 

mun. EdineἪ 727.25 34,422,051.03 47,332.11 

nun. Soroca 432.25 30,757,578.13 71,156.39 

Total municipal agricultural land  1,183.61 68,619,299.23 57,974.73 

Central Region 

mun. ChiἨinŁu, inclusiv r-l Ialoveni 630.47 539,377,457.5 855,511.30 

mun. H©nceἨti 113.19 11,241,293.0 99,314.18 

mun. Orhei 312.95 17,982,558.07 57,460.78 

mun. StrŁἨeni 175.66 19,154,019.31 109,039.31 

mun. Ungheni 166.86 9,315,165.09 55,825.66 

Total municipal agricultural land  1,399.14 597,070,492.9 426,741.09 

Southern Region 

mun. Cahul 478.01 24,539,050.56 51,336.14 

or. Basarabeasca 180.56 48,176,949.57 266,825.53 

Total municipal agricultural land  658.56 72,716,000.13 110,416.11 

GENERAL TOTAL  3,241.31 738,405,792.3 227,810.90 

Source: [13]. 

 

Table 4. Analysis of Data on the Development of the Agricultural Land Market in the Republic of Moldova by Area, 

2024 

Regions (geographical areas) Area, ha 
Transaction amount,  

MD lei 
Price, MD lei/ha 

General total for the NORTH area 4,030.80 282,628,713.2 70,117.34 

General total CENTER area 3,141.59 794,324,608.3 252,841.77 

General total for the SOUTH area 1,880.24 159,550,990.9 84,856.63 

TOTAL Republic of Moldova *  9,052.63 1,236,504,312.0 136,590.68 

* with the exception of the administrative-territorial units on the left bank of the Dniester. 

Source: [13]. 

 

Fig. 2. Geographical Distribution of Traded Agricultural Areas in the Republic of Moldova, 2024 (ha) 

Source: [13]. 
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Fig. 3. Market Value (Moldovan Lei/ha) and the Total Amount Resulting from Agricultural Land Sale-Purchase 

Transactions (Moldovan Lei) by Geographic Zones of the Republic of Moldova, 2024 

Source: [13]. 

 

The purpose and necessity of the IS ñRegistry 

of Real Estate Pricesò include: 

-Monitoring real estate valuation activities. 

-Ensuring interoperability with other 

information systems for improved data 

management. 

-Preventing artificial under- or overvaluation 

of properties by verifying the accuracy of 

declared transaction prices. 

-Collecting data required for developing and 

calibrating valuation models used for fiscal 

purposes. 

-Efficiently storing and managing valuation 

reports of public property. 

 

CONCLUSIONS  

 

A quarter of a century after its operation in the 

current format, the free agricultural land 

market in the Republic of Moldova, analyzed 

and evaluated in this article, provides a clear 

picture of its level of economic efficiency and 

the social, demographic, ecological, and other 

impacts resulting from the peaceful 

revitalization of this key segment of the general 

market economy mechanism. 

In any case, forecasts and intimidations such as 

the very privatization of agricultural land 

constitutes the complete destruction of local 

agriculture, will cause over-parceling of land 

and the impossibility of processing it with 

modern technical means, etc., have become 

unfounded. 

Obviously, any reform, along with its positive 

effects, also incurs some additional expenses, the 

objective assessment of which deserves a 

separate study.  

The analysis of the evolution of the agricultural 

sector indicates a significant decline in the 

number of active workers, accompanied by an 

expansion of the average agricultural land area 

managed per farmer. At the onset of the agrarian 

reform in 1988, the agricultural sector 

(agriculture, hunting, and forestry) employed 749 

thousand individuals, each cultivating an average 

of 2.86 hectares of agricultural land. By 2023, the 

total number of farmers had decreased to 185 

thousand, while the average agricultural area 

cultivated annually per farmer increased to 11.6 

hectares, representing an approximate 4.1-fold 

increase compared to the pre-reform period. 

Despite this substantial reduction in agricultural 

labor, the total utilized agricultural area remained 

relatively constant, reflecting an intensified 

process of land concentration within larger 

agricultural holdings. 

So, hundreds of thousands of individuals were 

released from the agricultural labor field, who, 

being included among workers in other areas of 

economic activity, ensured the increase in 

efficiency and total production volume either in 

industry or transport, trade, capital construction, 

etc.  

Furthermore, a close relationship is observed 

between market price levels and the size of 

agricultural land plots traded. An increase in the 

market price of agricultural land is associated 

with a reduction in the average size of land plots 

involved in purchase and sale transactions, a 

trend illustrated in Table 1 for the last two years. 

In this context, a period of price stabilization for 
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agricultural land in the Republic of Moldova is 

anticipated in the coming years. 

Previous research conducted by the authors has 

highlighted the existence of a diversified 

structure of agricultural land transactions on the 

national land market during the period under 

analysis, which can be summarized as follows: 

sale-purchase ï 33.7%, inheritance ï 34.6%,  

donations ï 15.6%, pledge, including mortgage ï 

3.2%,  long-term lease ï 12.4%, exchange and 

others ï 0.5% 

In turn, a total of 1,234,243.06 ha or 63.6% of the 

entire area of agricultural land in exploitation has 

passed through various forms of trading over the 

last quarter of a century. 

In light of the above, the following 

recommendations can be formulated: 

1. Ensuring the free, open, and transparent 

development of the agricultural land market, 

through the involvement of specialized public 

institutions in the creation, management, and 

dissemination of an accurate, comprehensive, 

and continuously updated information 

database, accessible to all participants in 

purchase and sale transactions. 

2. Recognition and monitoring by public 

authorities of the process of agricultural land 

concentration in the private ownership of a 

limited number of individuals, as this 

phenomenon may lead to the monopolization 

of agricultural land resources and create 

conditions conducive to the emergence of 

large-scale (latifundia-type) holdings. This 

phenomenon is contrary to the interests of the 

rural population and the harmonious 

development of village communities, thereby 

necessitating intervention through appropriate 

legal regulations, including the review of the 

regulatory framework and, where applicable, 

the establishment of limits on the maximum 

allowable private ownership of agricultural 

land. 

3. Restrict foreign individuals from acquiring 

ownership rights over agricultural land. 

4. To address the persistent demographic 

imbalances in rural areas, it is necessary to 

create, for a defined period, preferential 

conditions for young people in the process of 

purchasing agricultural land. Such measures 

may include concessional loans, subsidies, tax 

incentives, and other support instruments, 

which, in order to ensure the effectiveness and 

coherence of public intervention, should be 

integrated into a clearly defined state program 

aimed at revitalizing rural areas. 
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Abstract 

 

The purpose of this study is to investigate consumer perceptions of a newly developed functional dairy productð

buffalo yoghurt enriched with aronia juiceðacross different age groups. Consumer-oriented research plays a crucial 

role in understanding dietary preferences and purchasing behavior, thereby guiding innovations in the food industry. 

In this study, respondents evaluated both visual and sensory characteristics of yoghurt samples supplemented with 

3% and 5% aronia juice. The results highlight that fruit-enriched buffalo yoghurt is perceived positively, with 

particular appreciation for its nutritional benefits, unique taste, and health-promoting qualities. Aronia, rich in 

anthocyanins and polyphenols, enhances both the functional and sensory attributes of yoghurt, contributing to its 

antioxidant value and consumer appeal. Findings indicate strong interest in purchasing such a product, confirming 

the importance of early consumer feedback in product development. This research supports the market potential of 

aronia-flavored buffalo yoghurt as a novel functional food that aligns with modern health-conscious trends. 

 

Key  words: buffalo milk, aronia juice, consumer preferences  

 

INTRODUCTION  
 

As consumers become more health - conscious, 

the demand for proven health foods is also 

increasing. Among them, yoghurt is globally 

recognized as an option that provides easy 

access to a wide range of nutrients such as 

proteins, minerals, vitamins, probiotics 

(Gómez-Gallego et al., 2018) [18]. Yoghurt 

has a positive effect on the treatment of 

diseases including obesity, allergies, 

inflammation of the intestinal tract, colon 

cancer, cardiovascular disease and 

Helicobacter pylori infection (Aslam et al., 

2020; Karwowska et al., 2019; Mozaffarian & 

Wu, 2018; Yang et al., 2020) [2, 28, 37, 51]. 

These qualities help improve human health and 

reduce the risk of disease (Hobbs et al., 2019; 

Wang et al., 2013) [21, 50]. It has been 

established that the addition of various fruits to 

yoghurt (in the form of juice, pulp or puree) 

improves both the nutritional and functional 

characteristics of yoghurt, as well as the shelf 

life and acceptance by consumers (Salwa et al., 

2004; Fazilah et al., 2018; Stinco et al., 2019) 

[42, 15, 44]. Turkmen et al. (2019) found that 

food is nowadays also seen as a tool to 

optimize body weight [47]. With regard to 

these functional characteristics expected by the 

consumers a range of new fermented dairy 

products enhanced with plant-derived 

ingredients have been introduced to the market 

(Iriondo-DeHond et al., 2018) [25]. 

As stated by Das et al. (2019) milk products do 

not appear as food source rich in phenolic 

components [11]. Aronia melanocarpa is a 

fruit that contains a large amount of 

anthocyanins and polyphenols (Kokotkiewicz 

et al., 2010) [31]. The fruit has a high 

antioxidant capacity due to the content of a 

large amount of phenolic compounds (Kim et 

al., 2018) [30], which have been found to 

reduce oxidative stress in humans (Denev et 

al., 2012) [12]. Aronia berries are popular in 

Europe, where they are used as a functional 

food ingredient and as a colour additive 

(Kokotkiewicz et al., 2010; Gurļ²k et al., 2023) 

[31, 20]. It can be applied directly to dairy 

products to improve nutritional quality and 

sensory qualities (Nguyen & Hwang, 2016; 

Jurikova et al., 2017; Kim et al., 2018) [38, 27, 

30]. In addition, inclusion of fruits like Aronia 
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melanocarpa in yoghurt enhances the stability 

of the product and its microbiological safety as 

stated by Cusmenco et al. (2021) showing a 

synergism with Streptococcus thermophiles 

and Lactobacillus delbrueckii subsp. 

bulgaricus [10]. 

Because food choice is a complex process that 

is influenced by personal impression, 

environment, and food-related factors and their 

interactions (Hsu & Kao, 2009; Köster, 2009) 

[22, 32], consumers may have different 

consumption goals even for one same product. 

Consumers often choose different yoghurt 

flavours to satisfy different needs (Gullo et al., 

2019) [19], including their favorite tastes (Hsu 

& Lin, 2006; Kim et al., 2002) [23, 29]. 

Incorporating the opinion of potential users 

early in the new product development process 

has been identified as one of the critical factors 

(Cooper, 1999; Bhuiyan, 2011; Van Kleef et 

al., 2005; Morgan et al., 2018) [9, 4, 48, 36]. 

The purpose of the study is to investigate 

various aspects considered to be decisive in the 

perception of a new product - buffalo yoghurt 

with aronia, by potential consumers. This 

would contribute to the improvement of 

product concepts during the early stage of new 

product development. 
 

MATERIALS AND METHODS  

 

Preparation of the Yoghurt  

Fresh milk. The study was performed with 

buffalo milk, obtained from purebred 

Bulgarian Murrah buffaloes from II lactation, 

reared in the herd of the private farm in 

Dimitrievo village. Milk samples were 

obtained in the morning and the evening, 

proportionally to the milk yield, according to 

rules for milk sampling. 

Starter cultures. A starter culture, containing 

Streptococcus thermophilus and Lactobacillus 

delbrueckii ssp. bulgaricus (Lactina 17, 

Bankya, Sofia, Bulgaria) ready for direct vat 

inoculation were used for yoghurt preparation. 

The buffaloôs yoghurt was prepared in 

laboratory conditions. 

Yoghurt preparation. The milk was 

pasteurized (95Áʉ/30 min), cooled to 45Áʉ, 

and inoculated with 1.5% yoghurt culture 

consisting of Lactobacillus delbrueckii ssp. 

bulgaricus and Streptococcus thermophilus 

(Lactina 17, Bankya, Sofia, Bulgaria). The raw 

milk was divided into three lots ï control and 2 

experimental. Prior to adding the starter, 3 and 

5 g/kg fruit juice from aronia was added to the 

experimental milk samples. The samples were 

then cultivated at 42Áʉ until coagulation, then 

cooled and stored in a refrigerator at 4ï6Áʉ. 

Design of the Survey 

The developed milk product was evaluated by 

respondents of different age groups to find out 

how its characteristics are perceived by 

consumers. For this purpose, an anonymous 

survey was prepared on the territory of Trakia 

University-Stara Zagora in the period February 

- September 2021. After distribution of a 

written announcement about the tasting of the 

developed milk product, employees and 

students of the university, who voluntarily 

expressed a desire to participate in the 

research, tasted yoghurt with the addition of 

3% and/or 5% aronia juice and anonymously 

filled in the prepared questionnaire. The 

respondents were informed that all data will be 

only reported in the aggregate. They were able 

to withdraw from the survey at any time 

without giving a reason. The products tested 

were safe for consumption. The study did not 

need approval from Ethics Committee.  

A total of 26 completed questionnaires were 

received, in which the questions were grouped 

into several sections. The first section (includes 

questions numbered 1 and 2) concerns the 

demographic characteristics of the respondents 

such as age and gender. The second section 

(questions 3 to 8) is related to the dietary habits 

and preferences of the respondents regarding 

dairy products - milk consumption; type of 

milk consumed (fresh, sour, both types); 

source of the consumed milk (store, farm, own 

home production); time of day to consume 

milk (morning, evening, at other times); liking 

milk with added fruit and/or flavourings; 

preferences regarding additives in milk 

(chocolate, strawberry, aronia, other additives, 

no additives). The third section of questions 

(numbered 9 to 12) examines the visual 

perception of the product by consumers prior 

to tasting based on colour, texture, uniformity 

and externally noticeable defects. The fourth 

section (questions 13 to 15) ascertains the 
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consumer's perception of the product after 

tasting in terms of its aroma, texture and taste. 

The last part of the survey (questions 16 to 19) 

establishes the general assessment of the 

developed dairy product with additives - liking 

by consumers (on a five-point Likert scale); 

interest in purchasing the product; product 

flaws according to individual taste; type of 

flavoured product (with 3% or 5% aronia juice 

added). 

Statistical analysis 

For statistical analysis, SPSS was performed 

on five batches. The obtained data were 

subjected to statistical processing (IBM SPSS-

Inc., 2019, SPSS Reference Guide 26 SPSS, 

Chicago, USA). The investigated parameters 

were subjected to descriptive analysis 

(frequency distribution), Student t-test and 

Chi-square analysis. A two-sided p<0.05 was 

considered significant (CI 95%). 

 

RESULTS AND DISCUSSIONS 

 

The demographic profile of the respondents is 

presented in Table 1.  

Age variations are presented in two groups, 

with the majority of respondents falling into 

the group under 24 years old (76.9%), 

representing students.  

There is no drastic difference in the distribution 

by gender, with women making up 57.7% and 

men - 42.3%.  

The habits of the respondents related to the 

consumption of milk in their country are of 

interest, as more than half of them, 53.8%, 

include in their diet both pasteurized milk and 

yoghurt, as the main source of dairy products 

on their table are shops (76.92 % of 

respondents), and for few of them - direct 

supply from a farm (3.84%) or homemade 

(3.84%).  

The respondents mainly consume pasteurized 

milk or yoghurt in the morning (42.31% of 

respondents), a smaller share of them (11.54%) 

consume milk in the evening, while almost a 

third (30.77%) include milk in their diet at 

different times during the day. 

The survey of consumers' personal preferences 

regarding the inclusion of additional 

ingredients in milk with a change in aroma and 

taste shows that the majority of them, 88.46%, 

like such additives.  

 
Table 1. Demographic profile and habits for milk 

consumption* of the participants in the survey 
Respondents` 

Demographics 

Count Percentage 

Age (years) 

1) 19-24 20 76.9 

2) 30-60 6 23.1 

Gender 

1) Male  11 42.3 

2) Female 15 57.7 

Milk consumption 

1) Pasteurized milk 3 11.54 

2) Yoghurt 9 34.6 

3) Both types 14 53.8 

Source of the milk consumed 

1) Market 20 76.92 

2) Farm 1 3.84 

3) Homemade 1 3.84 

4) More than one 4 15.38 

Daytime of milk consumption 

1) Morning 11 42.31 

2) Evening 3 11.54 

3) Other time of the day 8 30.77 

4) More than one 4 15.38 

Liking of added flavours to milk products 

1) Yes 23 88.46 

2) No 3 11.54 

Preferences for flavours in milk products 

1)Chocolate 0 0 

2) Strawberry 8 30.77 

3) Aronia 2 7.69 

4) Other ï forest fruits, 

banana, peach 

6 23.08 

5) More than one 7 26.92 

6) No added flavours 2 7.69 

New product tasted 

1)With 3% added aronia 14 53.8% 

2)With 5 % added aronia 12 46.2% 

*Values may not total 100% for each variable because 

of nonresponders and rounding of values 

Source: Authors` research. 

 

The main flavours preferred by the respondents 

were strawberry (30.77%), berries (23.08%), 

aronia (7.69%) or several different flavours 

from those mentioned (26.92%). The share of 

respondents who do not like additives to milk 

is insignificant - 7.69%. These results show 

that yoghurt consumption is, on the one hand, 

a factor influenced by age and gender, and on 

the other, it depends on consumer habits 

(source of supply and presence of supplement). 

Our findings are in line with those found by 

Allen (2012) on Canadian yoghurt consumer 

preferences [1]. Similar to our findings Kumari 

et al. (2020) pointed out the demand for new 

flavours and healthy products with reduced 

sugar content expressed by dairy consumers 

[33]. The preferences for added fruit contents 

to yoghurt could be indirectly explained by the 
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conscious choice of fruit sweetness to replace 

sugar due to health concerns as added sucrose 

to milk was found to increase caries risk 

(Zohoori et al. 2020) [52]. 

None of the sour milks offered for tasting has a 

negative rating for unpleasant taste. Most 

tasters found that the taste of both yoghurt 

variants with 3 and 5% addition of aronia juice 

was pleasant. Lactobacillus bulgaricus plays a 

major role in the development of the 

organoleptic properties of yoghurt (Marty-

Teysset et al. 2000) [35]. In fact, according to 

Tamime and Robinson (1999) [46] and 

Sudheer et al. (2006) [45], the lactic acid 

produced during yoghurt preparation helps to 

break down the casein micelles, resulting in the 

formation of a gel, giving the yoghurt a 

characteristic and distinct flavour, contributing 

to the flavour and aroma of the yoghurt. 

Examining the relationship between the 

demographic profile and the eating habits of 

the respondents and their visual and 

organoleptic perceptions of the developed milk 

product with added aronia juice through the 

chi-square analysis, it turns out that for 6 out of 

a total of 7 studied characteristics, a 

statistically significant relationship is found 

(p<0.05). 

Colour is an important characteristic in the 

selection of yoghurt-milk products, it reflects 

the degree of consumer preference (Pathare et 

al. 2013; Reshmi et al. 2012; Chye et al. 2012) 

[39, 41, 8]. The data analysis shows that there 

is a strong relationship between the visual 

perception of the colour of the product and the 

age of the respondents (ɢ2 =15.484; df=6; 

Crammer`s V=0.772; p=0.017), the type of 

milk consumed by them (ɢ2 =31.825; df=12 

Crammer `s V=0.0.782; p=0.001), as well as 

the time of day when they consume milk (ɢ2 

=34.543; df=18; Crammer`s V=0.665; 

p=0.011) (Table 2).  

In similar sensory analysis in other studies 

(Feknous et al. 2021) [16] it was found that the 

flavoured yoghurts did not receive negative 

rating as to an unpleasant colour; although 

some of our respondents perceived the colour 

of the product with added aronia content as 

unpleasant, their share was quite low (3.8% of 

all). 

 

Table 2. Relationship between the demographic profile 

and the eating habits of the respondents and their colour 

perceptions of the tasted buffalo yoghurt with aronia 

Age 

 Colour perception of the milk product vision 
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Chi-

Square 
Sig. 

19-24 

years 

7.7% 7.7% 7.7% 42.3% 7.7% 3.8% 0% 76.9% 15.484 0.017 

30-60 

years 

0% 0% 11.5% 0% 3.8% 0% 7.7% 23.1% 

Total 7.7% 100% 19.2% 42.3% 11.5% 3.8% 7.7% 100% 

Type of milk consumed 

Milk  7.7% 0% 3.8% 0% 0% 0% 0% 11.5% 31.825 0.001 

Yoghurt 0% 0% 15.4% 7.7% 3.8% 0% 7.7% 34.6% 

Both 0% 7.7% 0% 34.6% 7.7% 3.8% 0% 53.8% 

Total 7.7% 7.7% 19.2% 42.3% 11.5% 3.8% 7.7% 100% 

Daytime of milk consumption 

Morning 0% 3.8% 7.7% 19.2% 11.5% 0% 0% 42.3% 34.543 0.011 

Evening 0% 0% 3.8% 0% 0% 0% 7.7% 11.5% 

Other 

time 

7.7% 0% 7.7% 15.4% 0% 0% 0% 30.8% 

More 

than one 

answer 

0% 3.8% 0% 7.7% 0% 3.8% 0% 15.4% 

Total 7.7% 7.7% 19.2% 42.3% 11.5% 3.8% 7.7% 100% 

Source: Authors` research. 

 

Perception of the vision of the product before 

tasting is strongly negatively influenced by the 

age of the respondents (r= -0.7255, p= 0.008), 

as the colour of the product before tasting is 

perceived as pleasant by people of a younger 

age. 

Gender differences also influence personal 

perceptions, with female respondents finding 

the colour of the offered product with added 

aronia juice as attractive (t[26]= -6.5133; 

p=0.000) and after tasting describing its taste 

as sweet (t[26]= -4.5233; p=0.000). A 

statistically significant difference is also found 

in the group of respondents who mainly 

consume yoghurt and those who find the colour 

of the product attractive (t[26]= -2.8587; 

p=0.006) and its taste as sweet (t[26]= -2.756; 

p=0.008). There is a similar relationship 

between the investigated indicators of 

attractive colour (t[26]= -3.0664; p=0.004) and 

sweet taste (t[26]= -3.0071; p=0.004) and 

respondents who have a habit of consuming 

milk in the evening. 

The aroma indicator of the dairy product 

offered for tasting also turns out to be 

significantly influenced by some of the 
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respondents' personal characteristics such as 

the type of milk they consume (ɢ2 =14.051; 

df=4; Crammer's V=0.520; p=0.007) with a 

strong negative correlation showing, that those 

who mainly consume cow's yoghurt find the 

aroma of the offered product pleasant (r= -

0.8783, p= 0.000) (Table 3). 

 
Table 3. Sensor perception of the aroma of the newly 

developed buffalo yoghurt with aronia and its 

connection to the consumers` preferred type of milk 
Type of 

milk 

consume

d 

 Aroma perception of the tasted milk product 

Pleasan

t 

Specifi

c 

Unable to 

determin

e Total 

Chi 

square 

Sig 

Milk  3.8% 7.7% 0% 11.5% 14.05

1 

0.00

7 
Yoghurt 27.0% 0% 7.7% 34.6% 

Both 50.0% 3.8% 0% 53.8% 

Total 80.8% 11.5% 7.7% 100.0

% 

Source: Authors` research. 

 

The t-test also confirmed a statistically 

significant difference between the 

classification of the aroma as pleasant and the 

group of cow's milk yoghurt-preferers (t[26]= 

4.0407; p=0.000) and those who tasted the new 

product with 3% aronia addition (t[25]= 

7.7161; p=0.000). 

Our observations are consistent with the study 

of Galeboe et al. (2018) [17] who found that 

inclusion of fruit content improved the aroma 

of yoghurt of different from cows dairy 

animals whose milk usually has specific aroma 

and flavour and lower consumers' acceptance. 

Taste and texture are the most important 

qualities of yoghurt for consumer acceptance. 

Many factors affect the flavour and texture of 

yoghurt, such as starter, incubation 

temperature, process conditions, and different 

milk components used in production (Madora 

et al. 2016) [34]. 

Consumers' perception of the texture of the 

tested product with added aronia flavour was 

strongly influenced by their personal 

characteristics (Figure 1). It turns out that the 

perception of the texture of the product differs 

significantly between consumers, with a 

significant difference in the group of women 

(t[26]= -13.4538; p=0.000) and those who 

consume yoghurt (t[26]= -11.1209; p=0.000). 

p=0.000). 

The acceptance of yoghurt based on its high 

quality of texture could be enhanced by adding 

specific fruit content which affects good 

texture of the product as stated by Sansawat et 

al. (2022) [43]. Chadare et al. (2019) 

recommended some functional milk products 

subjected to food-to-food fortification with 

plant and fruit derivate to be sensory evaluated 

at different rates of added fortifying 

ingredients [7]. 

Such sensory analyses found that consumers 

attributed higher scores for texture, aroma and 

colour to flavoured yoghurt with highest values 

of added components of plant origin (Wairimu 

et al. 2022) [49]. Focused especially on buffalo 

yoghurt with incorporated bioactive plant-

derived substances Dhawi et al. (2020) [13] 

found that at the final stage of tasting the 

various buffalo yoghurt samples retained high 

acceptability. On the contrary, we found 

significant differences in the preferences for 

our new product in favor of the samples with 

lower concentration of fruit content (3% aronia 

juice included) and the consumers` perception 

of texture with separated whey (t[26]= -12.876; 

p=0.000), sweet taste  (t[26]= -4.665; 

p=0.000), and overall liking (t[26]= -11,738; 

p=0.000). 

The high levels of texture parameters for the 

buffalo yoghurts could be related to the higher 

levels of protein and total solids in buffalo 

milk. Firmer and more consistent, viscous and 

cohesive yoghurts are more accepted by 

consumers, and hence, are considered to have 

high textural quality (Patrignani et al. 2006) 

[40]. Positive effect on the texture of buffalo 

yoghurt was attributed also to added 

ingredients in different concentration (3% and 

5%) leading to creamy mouth-feel and a 

homogenous good texture as described by 

Huang et al. (2020) [24]. 

 

Fig. 1. Respondents` texture perception of the tasted 

yoghurt 

Source: Authors` research. 

 

3.8% 3.8%
11.5% 7.7%

73.1%

Soft Smooth Granular With

separated

whey

Mote than one

answer

Texture perception of the tasted milk product
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Comparing the offered yoghurt with added 

aronia with the ideal dairy product according to 

their personal preferences, consumers found 

certain disadvantages, and their perceptions 

were moderately related to the type of milk 

they usually consume (ɢ2 =21.275; df=12; 

Crammer's V=0.640; p =0.047) and more 

specifically ï the consumption of yoghurt 

(t[26]= -2.2496; p=0.003) (Table 4).  

 
Table 4. Respondents` eating habits and their 

perceptions of the disadvantages of the tasted buffalo 

yoghurt with aronia flavour 
Type of 

milk 

consumed 
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Chi 

square 

 Sig. 

Milk  0% 0% 7.7% 0% 3.8% 0% 0% 11.5% 21.275 0.047 

Yoghurt 3.8% 0% 11.5% 11.5% 0% 7.7% 0% 34.6% 

Both 0% 3.8% 3.8% 7.7% 0% 30.8% 7.7% 53.8% 

Total 3.8% 3.8% 23.1% 19.2% 3.8% 38.5% 7.7% 100.0% 

Liking of milk with added flavours  

Yes 0% 3.8% 23.1% 19.2% 3.8% 38.5% 0% 88.4% 26.000 0.000 

No 3.8% 0% 0% 0% 0% 0% 7.7% 11.5% 

Total 3.8% 3.8% 23.1% 19.2% 3.8% 38.5% 7.7% 100.0% 

Source: Authors` research. 

 

The dependence of this indicator on the general 

attitude of the respondents towards milk with 

additives is extremely strong (ɢ2 =26.000; 

df=6; Crammer's V=1.000; ʨ=0.000), more 

precisely the group of respondents who like the 

additional flavours (t[26]= -5.9697; p=0.000). 

As visible from Table 4 the level of sweetness 

of the product is an important factor for 

consumers` perceptions which found 

confirmation in the study of Johansen et al. 

(2010) [26] who stated that sweetness of 

flavoured yoghurt impacted the product 

acceptance. Moreover, less sweet and plain 

yoghurts were rated as least preferred after 

taste by Dias et al. (2020) [14]. 

The final assessment of the participants in the 

study after a visual and organoleptic 

examination of the offered product is based on 

various factors, of which their personal 

preferences regarding the types of added 

flavours are statistically significant (ɢ2 

=44.764; df=20; Crammer's V=0.656; 

p=0.001) (Table 5). A statistically significant 

relationship was found between the gender of 

the respondents and the evaluation of the tasted 

product, with women stating that they liked 

yoghurt with added aronia (t[26]= -12.2022; 

p=0.000). 

Table 5. Overall acceptance of the tasted buffalo yoghurt 

based on the respondents` preferences for added flavours 

Preferenc

e for 

added 

flavours 

 Overall consumer`s perception of the tasted 

milk product  

Dislik

e it 

 

Like 

it 

 

Like 

it 

very 

much 

Neithe

r like 

nor 

dislike 

Not 

answere

d 

 

Total 

 

Chi 

square 

Sig. 

Chocolate 0% 0% 0% 0% 3.8% 3.8% 44.76

4 

0.00

1 Strawberry 0% 15.4

% 

11.5

% 

3.8% 0% 30.8% 

Aronia 0% 0% 7.7% 0% 0% 7.7% 

Other 

flavours  

0% 7.7% 0% 15.4% 0% 23.1% 

More than 

one 

3.8% 11.5

% 

0% 11.5% 0% 26.8% 

No added 

flavours 

0% 3.8% 0% 3.8% 0% 7.7% 

Total 3.8% 38.5

% 

19.2

% 

34.6% 3.8% 100.0

% 

Source: Authors` research. 

 

Data analysis found that there was a moderate 

negative correlation between Type of dairy 

products consumed and Intention to purchase 

the tasted product (r= -0.6299, p= 0.028), with 

respondents who consume more yoghurt being 

more likely to buy the tasted product if it is 

available on the market. This purchase 

intention could be linked to the increased 

demand for functional yoghurts by consumer 

as stated by Dhawi et al. (2020) [13] who 

studied the characteristics of buffalo yoghurt 

fortified with bioactive components of plant 

origin. Earlier studies on buffalo milk products 

also indicated that the higher the respondentsô 

level of Product Knowledge is, the higher their 

Intention is to buy these products (Cazacua et 

al. 2014) [6]. Still, consumer purchasing 

preference was found to be positively affected 

by the availability of the dairy products in 

terms of convenience (Bahety et al. 2022) [3]. 

The statistical dependencies found in this study 

between demographic variables, sensory 

perceptions, and purchasing intentions can be 

further explained with regard to the consumer 

behavior theory. Based on the theory of 

planned behavior, sensory experiences are 

found to influence consumersô attitudes toward 

a product, which in turn leads to modification 

of purchase intentions and behaviors (Köster, 

2009) [32]. The strong relationship between 

age, milk consumption habits, and visual 

perception of product color (ɢĮ=15.484; 

p=0.017) supports the argument that consumer 

evaluation processes are not entirely objective 

but they are also formed by personal 
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experiences and contextual expectations (Hsu 

& Kao, 2001; Gullo et al., 2019) [22, 19]. 

Similarly, the statistical results linking gender 

and habitual milk consumption patterns with 

perceptions of aroma and texture of the buffalo 

yoghurt with aronia, indicate that these specific 

sensory attributes serve as key evaluation 

criteria that activate respondents` reactions 

towards product acceptance (Bolini et al., 

2025) [5]. The observed correlation between 

yogurt consumption frequency and purchase 

intention of the new product, corresponds to 

previous research emphasizing that familiarity 

and prior product knowledge are strong 

predictors of purchasing decisions, especially 

in dairy markets (Cazacua et al., 2014) [6].  

The results obtained on the perception of the 

manufactured buffalo yoghurt with aronia by 

the potential consumers show that the sensory 

evaluation stimulates purchase intention more 

than external cues such as brand name or 

packaging labels, especially when consumers 

have the opportunity to taste the product. Such 

primary effect of the yoghurt sensory quality 

on the purchase intent is also confirmed by 

Johansen et al. (2010) [26].  

 

CONCLUSIONS  

 

Consumer perception research is fundamental 

to understanding consumer buying habits and 

desires, which in turn contributes to industry 

marketing opportunities. 

The combination of yoghurt and juice 

represents a new direction in the development 

of dairy products with fruit additives. New 

dairy products with added nutritional value 

meet consumer demand for a healthy lifestyle. 

Yoghurt milks produced with aronia juice 

represent an example of a dairy product with a 

very high nutritional and functional value, 

which is highly appreciated by potential 

consumers. 
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Abstract 

 

The reliance of Nigerian smallholder farmers on a narrow range of crops has heightened their vulnerability to food 

insecurity. This study investigated how crop diversification influences the food security status of cassava-based 

farming households in Ogun State. Using a multi-stage sampling approach, 240 cassava-based farmers were selected 

across the Ijebu Ode and Abeokuta ADP zones. Primary data on socio-economic characteristics, level of crop 

diversification, and household food consumption were collected through a semi-structured questionnaire. The 

analysis of data was carried out using descriptive statistics, the Herfindahl-Hirschman Index (HHI), the Fosterï

GreerïThorbecke (FGT) Index, and a logit regression model. The results showed that 63.8% of the farmers were 

male, 90.0% married, and 40.0% had secondary education, with an average age of 50 years, 21 years of farming 

experience, 1.7 hectares of farmland, and a household size of five persons. More than half (52.5%) had access to 

credit, 75.0% belonged to cooperative associations, and 85.0% accessed extension services. HHI results reveal that 

60.0% of farmers were highly diversified, with an average HHI index of 0.099. FGT results reveal that 83.8% of 

households were food insecure, while 16.2% were food secure. Logit regression results showed that household size 

(ɓ = -0.256, p<0.05), crop diversification (ɓ = 0.365, p<0.01), and access to credit (ɓ = 1.563, p<0.01) significantly 

influenced household food security. The study concluded that crop diversification alone did not ensure food security 

and recommended credit support, extension training on crop combinations, and family planning to enhance food 

security. 

 

Key words: crop diversification, food security, Logit regression and cassava-based farming, Nigeria 

 

INTRODUCTION  
 

Agriculture remains a cornerstone of Nigeriaôs 

economy, supporting the livelihoods of nearly 

70% of the population and contributing about 

24% to the national gross domestic product 

[34]. Among staple crops, cassava (Manihot 

esculenta) is of strategic importance. Nigeria is 

the largest producer globally, with an annual 

output exceeding 60 million metric tons [15]. 

Cassava provides a vital source of 

carbohydrates and income for millions of 

households and serves as the basis for widely 

consumed food products such as garri, fufu, 

and starch. Despite its economic and 

nutritional significance, cassava-based farming 

households in Nigeria, particularly in Ogun 

State, remain vulnerable to food insecurity [8]. 

According to the World Food Summit of 1996, 

food security is achieved when all people, at all 

times, are able to obtain adequate, safe, and 

nutritious food that satisfies their dietary 

requirements and supports an active and 

healthy lifestyle. Yet, this remains a challenge 

for rural households in Nigeria, where 

inadequate access to agricultural inputs, poor 

infrastructure, climate variability, and market 

instability persist [30]. In cassava-producing 

regions such as Ogun State, many households 

depend heavily on mono-cropping. This 

reliance on a single crop exposes farmers to 

production and market risks, undermines 

income stability, and restricts dietary diversity. 

Crop diversification has been increasingly 

recognized as a viable pathway to enhance 

food security. By cultivating a variety of crops, 

farming households can spread production 

mailto:obayeluae@funaab.edu.ng


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

Vol. 26, Issue 1, 2026 

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

 86 

risks, improve soil health, control pests and 

diseases, and stabilize household income. 

Diversification also contributes to dietary 

diversity, thereby addressing both the 

availability and utilization dimensions of food 

security as affirmed [19] in Malawi. Empirical 

studies have demonstrated that diversification 

strengthens household resilience to shocks and 

positively influences food security outcomes as 

specified [3] in Benin, [18] in Zimbabwe, [11] 

in Ghana, [20] in Bangladesh and [22] in 

Cameroon. 

In spite of its recognized potential, there is still 

limited evidence on how crop diversification 

contributes to improving food security among 

cassava-based farming households in Nigeria. 

This research seeks to fill that gap by assessing 

the effects of crop diversification on the food 

security status of cassava-based farming 

households in Ogun State. The study provides 

empirical insights that can guide policy 

interventions aimed at reducing food insecurity 

in rural areas and supports the realization of the 

Sustainable Development Goals, particularly 

those centred on eradicating hunger and 

poverty through sustainable agricultural 

development. 
 

MATERIALS AND METHODS  

 

Study Area 

The study was conducted in Ogun State, 

Nigeria, which lies between latitudes 3Á30ǋ N 

and 4Á30ǋ N and longitudes 6Á30ǋ E and 7Á30ǋ 

E, and comprises 20 Local Government Areas. 

The state is located in the humid tropical 

lowland zone and experiences two distinct 

seasons. The dry season lasts from November 

to February, while the rainy season covers the 

remaining months of the year. Annual rainfall 

ranges between 1,200 mm in the north and 

1,470 mm in the south, while temperatures 

vary from 23°C in July to 32°C in February. 

Vegetation cover includes derived savannah in 

the north, rainforest in the central zone, and 

mangrove swamp in the south. The state covers 

16,762 square kilometers, shares borders with 

the Republic of Benin, Lagos, Ondo, and Oyo 

States, and had a population of 3,751,140 

according to [21]. For agricultural 

administration, the Ogun State Agricultural 

Development Programme (OGADEP) divides 

the state into four zones: Abeokuta, Ijebu-Ode, 

Ilaro, and Ikenne. Ogun State was purposively 

selected for the study because of its 

prominence in cassava cultivation and its 

contribution to national food supply [10]. 

Data Collection 

Primary data were obtained using a semi-

structured questionnaire. Information was 

gathered on household socio-economic and 

farm characteristics, as well as institutional 

factors influencing crop diversification. 

Household characteristics included age, 

gender, marital status, household size, 

education, and farming experience. Farm 

characteristics included farm size and 

production output. Institutional factors covered 

access to extension services, credit, and 

cooperative membership. Data were also 

collected on the quantity and prices of food 

items purchased by farmers. 

Sampling Procedure 

The study adopted a multi-stage sampling 

approach in selecting respondents. In the first 

stage, two zones of OGADEP, Abeokuta and 

Ijebu Ode, were purposively chosen because of 

their high concentration of cassava farmers. At 

the next stage, three blocks were randomly 

selected from each zone, which were Ilugun, 

Opeji, Ilewo, Isoyin, Ala, and Ijebu Igbo. This 

was followed by the random selection of four 

circles from every block, giving a total of 24 

circles. In the final stage, 240 cassava farmers 

were proportionately drawn from the circles 

based on the number of cassava farmers in 

each. 

Analytical Techniques 

Descriptive statistics, including frequencies, 

percentages, means and standard deviations, 

were employed to present a summary of the 

socioeconomic characteristics of the farmers. 

Herfindahl Hirschman Index (HHI) 

The Herfindahl index (HH) measures crop 

concentration as the sum of the squares of the 

acreage or revenue proportion of each crop in 

the total cropped area or revenue [4]:  

 
where: Yj = area/revenue share occupied by the 

jth crop in total area/total revenue Y. J = total 
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number of crops, that is, when maximum 

diversification occurs. The index ranges from 

0 (specialization) to 1 (complete 

diversification). A value above zero indicates 

diversification. 

Foster-Greer-Thorbecke (FGT) Index 

This study employed per capita household 

expenditure as an indicator of welfare and as 

the basis for establishing the insecurity line. 

The Foster-Greer-Thorbecke (FGT) index was 

applied to measure the levels of insecurity 

among the respondents, in line with the 

approaches of [16] and [17]. The index is 

generally expressed as: 

 

where: PŬ = FGT Index where 0 < P Ò 1; n = 

total number of respondents which refers to the 

farm households sampled; q = number of 

respondents whose expenditure falls below the 

insecurity line, that is, the insecure households; 

z = insecurity line; yi = per capita household 

expenditure of the ith respondent; and Ŭ = non-

negative parameter that captures the degree of 

insecurity aversion. 

Construction of the Food Insecurity Line 

The food insecurity line is defined as the 

minimum per capita expenditure below which 

a household is regarded as food insecure. In 

line with previous studies, per capita 

expenditure was chosen instead of income 

because it provides a more reliable and stable 

measure over time [17]. For this study, the food 

insecurity line was established at two thirds of 

the mean per capita household expenditure 

(MPCHE) in the study area. Households with 

per capita expenditure below this benchmark 

were considered food insecure, whereas those 

with values above the threshold were regarded 

as food secure. The line was computed as: 
 

 

 

 
where: PCE = Per Capita Expenditure, TCE = 

Total Consumption Expenditure, HHS = 

Household Size, THHE = Total Household 

Expenditure, TNR = Total Number of 

Respondents, MPCHE = Mean Per Capita 

Household Expenditure, and PL = Food 

Insecurity Line. 

Logit Regression Model 

To identify the determinants of household food 

security, a binary logit regression model was 

applied, following the approach of [32]. The 

model is expressed as: 

 

 
 

where: Fi = food security status of the ith 

household, taking the value of 1 if food secure 

and 0 if food insecure; X1 = age of the 

household head measured in years; X2 = 

gender of the household head, coded as 1 for 

male and 0 for female; X3 = level of education 

measured by the number of years spent in 

school; X4 = marital status of the household 

head, coded as 1 if married and 0 otherwise; X5 

= household size, expressed as the total number 

of individuals living together; X6 = farming 

experience in years; X7 = access to credit, 

coded as 1 for households with access and 0 

otherwise; X8 = extension agent contact 

measured by the number of visits; X9 = 

membership of a cooperative association, 

coded as 1 for members and 0 otherwise; X10 

= crop diversification index; and Ů = error term. 

The dependent variable was binary, coded as 1 

if a household was food secure and 0 

otherwise. The probability that a household is 

food secure is expressed as: 

 
 

 
The logit model was employed because it is 

appropriate for binary dependent variables and 

offers consistent and efficient estimates of the 

probability of food security status as 

influenced by household, farm and institutional 

characteristics. 

 

RESULTS AND DISCUSSIONS 

 

Socio-economic Characteristics of Cassava-

based Farming Households The findings on the 

socio-economic characteristics of cassava-

based farming households are displayed in 

Table 1. 
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Table 1. Socio-economic characteristics of cassava-based farming households 
Variable  Frequency Percentage Mean Standard deviation 

Age      

Ò40 45 18.75 50 11.36 

41-50 87 36.25   

51-60 60 25.00   

61-70 39 16.25   

>70 9 3.75   

Total 240 100.00   

Gender     

Female 87 36.25   

Male 153 63.75   

Total 240 100.00   

Marital Status     

Married 216 90.00   

Single 6 2.50   

Widow/Widower 18 7.50   

Total 240 100.00   

Household size (persons)     

1-3 45 18.75 5 1.89 

4-6 144 60.00   

7-9 42 17.50   

10-12 9 3.75   

Total 240 100.00   

Educational level     

No formal education 18 7.50   

Primary 93 38.75   

Secondary 96 40.00   

Tertiary 33 13.75   

Total 240 100.00   

Farming experience (years)     

1-10 51 21.25 21 12.10 

11-20 78 32.50   

21-30 57 23.75   

31-40 42 17.50   

>40 12 5.00   

Total 240 100.00   

Access to credit      

No 114 47.50   

Yes 126 52.50   

Total 240 100.00   

Farm size in acres     

Ò2 81 33.75 4.32 3.54 

3-4 63 26.25   

5-6 51 21.25   

>6 45 18.75   

Total 240 100.00   

Access to extension agents     

No 36 15.00   

Yes 204 85.00   

Total 240 100.00   

Membership of cooperative society     

No 60 25.00   

Yes 180 75.00   

Total 240 100.00   

Source: Field survey data analysis, 2024. 

 

The age distribution of respondents revealed 

that 36.25% were within 41ï50 years, 25% 

between 51ï60 years, 20% above 60 years, and 

18.75% were 40 years or younger, with a mean 

age of 50 (±11.36) years. 

This suggests that the average cassava-based 

farmer in Ogun State is still within the 

productive age bracket, though their 

productivity may have begun to decline, 

potentially affecting diversification and food 

security outcomes. This finding aligns with [8], 
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[13], and [30], who emphasized that most 

cassava farmers in Southwest Nigeria are in 

their active years. The gender distribution 

indicates male dominance (63.75%) compared 

to females (36.25%), which may be attributed 

to the demanding nature of activities involved 

in cassava-based farming. Although the 

dominance of male farmers aligns with earlier 

findings [27], [30], and [7], the relatively low 

participation of women could negatively affect 

household food and nutrition security 

considering their crucial role in food 

provisioning. 

Marital status showed that 90% of the 

respondents were married, 7.5% were 

widow/widowers, and only 2.5% were single. 

This implies that married farmers often have 

larger households, which can provide more 

labour for farming activities. This supports the 

findings of [7], [2], and [8]. Household size 

averaged 5 persons, with 60% of households 

having 4ï6 members, 18.75% with 1ï3, 17.5% 

with 7ï9, and 3.75% with 10ï12 members. 

Larger households provide family labor for 

cultivation, enabling diversification and 

ensuring food availability, though they also 

increase consumption needs. This result 

corroborates [2], [13], and [8], who observed 

that large farm households often utilize family 

labor to reduce costs and expand operations. 

In terms of education, 40% had secondary 

education, 38.75% primary, 13.75% tertiary, 

while only 7.5% had no formal education, 

suggesting high literacy (92.5%) among 

cassava-based farmers. Education improves 

the capacity to adopt new technologies, 

diversify crops, and manage farm resources 

efficiently, consistent with [7] and [2]. 

Farming experience was also substantial, 

averaging 21 (±12.10) years, with 32.5% 

having 11ï20 years, 23.75% with 21ï30 years, 

21.25% with 1ï10 years, 17.5% with 31ï40 

years, and 5% with over 40 yearsô experience. 

Long-term farming experience enhances 

knowledge, adoption of diversification 

strategies, and mentoring of younger farmers, 

thereby improving productivity and food 

security [7] and [8]. 

Resource access further shaped production 

outcomes. More than half (52.5%) of the 

farmers had access to credit, enabling 

investment in diverse crops, equipment, and 

inputs that support diversification and 

efficiency, confirming [8] and [2]. Farm size 

averaged 4.32 (±3.54) acres, with 33.75% 

cultivating Ò2 acres and 26.25% managing 3ï

4 acres, classifying most as smallholders (<2 

ha). This limited scale likely constrains 

diversification and food security, in line with 

[5] and [31]. Extension services were 

accessible to 85% of respondents, facilitating 

adoption of modern farming practices, which 

strengthens diversification and further 

improves food security [13] and [35]. 

Cooperative membership was also high (75%), 

enhancing access to inputs, credit, training, and 

collective bargaining, thereby reinforcing food 

security and diversification outcomes [8], [2], 

and [7].  

Crop Diversification among Cassava-Based 

Farmers 

Table 2 presents the distribution of other crops 

cultivated by cassava-based farmers alongside 

cassava. The findings indicate that maize was 

the most common complementary crop, 

cultivated by 55% of the respondents. A 

smaller proportion of farmers diversified into 

rice (3.75%), yam (1.25%), potatoes (5.00%), 

and vegetables (2.50%). Furthermore, 15% of 

the farmers reported cultivating other crops 

such as plantain and pineapple, while 17.50% 

of the respondents did not cultivate any crop 

besides cassava, thereby practicing cassava 

mono-cropping. This result corroborates [29], 

who reported that arable crop farmers were 

more diversified in their cropping pattern. 

Level of Crop Diversification of Cassava-

Based Farmers 

Table 3 displays the findings on crop 

diversification as measured by the Herfindahl 

Hirschman Index (HHI). The analysis shows 

that 60.00% of farmers practiced high 

diversification, 22.50% engaged in medium 

diversification, while 17.50% exhibited low 

diversification. The mean HHI value of 0.099 

indicates low crop concentration, which, when 

expressed as a crop diversification index (CDi 

= 1 ï 0.099 = 0.901), reflects an average 

diversification level of about 90%. This 

suggests that the majority of cassava farmers 

cultivated several crops in addition to cassava. 

Such high diversification enables farmers to 
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mitigate production risks, maximize the use of 

land, labor, and other inputs, and maintain soil 

fertility. It also contributes to pest and disease 

management, yield stability, and resilience 

against market and climatic shocks, while 

enhancing household food and nutrition 

security through varied diets [19]. 

These findings are consistent with those of 

[14], [29], and [28], who reported widespread 

adoption of diversified cropping systems 

among Nigerian smallholders. However, they 

contrast with [26], who observed that farmers 

in the North Central zone often specialize due 

to agro-climatic limitations. 

 
Table 2. Distribution of cassava-based farmers according to crops grown besides cassava 

Crops grown besides cassava Frequency Percentage 

Maize 132 55.00 

Rice 9 3.75 

Yam 3 1.25 

Potatoes 12 5.00 

Vegetables 6 2.50 

Other crops (plantain and pineapples) 36 15.00 

No other crop (cassava only) 42 17.50 

Total 240 100.00 

Source: Field survey data analysis, 2024. 

 

Table 3. Distribution of cassava-based farmers according to their level of diversification (HHI) 

Level of crop diversification Frequency Percentage 

Low diversification/high concentration (>0.25) 42 17.50 

Medium diversification/medium concentration (0.15-0.25) 54 22.50 

High diversification/ low concentration (<0.15) 144 60.00 

Total 240 100.00 

Mean HHI 0.099  

Standard deviation 0.107  

Minimum  0.000  

Maximum 0.407  

Source: Field survey data analysis, 2024. 

 

Food Security Estimates and Indices of 

Cassava-Based Farming Households 

Table 4 presents the Foster-Greer-Thorbecke 

(FGT) estimates of food security among 

cassava-based farming households. The results 

reveal that the average monthly household 

food expenditure was 51,866.25 

(±17,443.98), while the average per capita 

monthly expenditure was 10,699.57 

(±3,991.88). The estimated food security line, 

serving as the benchmark for categorizing 

households, was 7,133.05 per person per 

month. These figures indicate that households 

devote a substantial share of their income to 

food, reflecting both the centrality of food in 

household budgets and the prevailing high cost 

of food. While the relatively high per capita 

expenditure suggests reasonable access to 

food, the large proportion of income spent 

highlights household vulnerability, as it 

constrains savings and investments in other 

welfare enhancing areas such as education, 

healthcare, and agricultural inputs. 

Furthermore, the food security indices 

presented in Table 4 offer a more detailed 

understanding of the distribution of food 

security among households. The headcount 

ratio indicates that 83.7% of cassava-based 

farming households experienced food 

insecurity, whereas 16.3% were classified as 

food secure. The depth and severity indices 

were 0.020 and 0.003 respectively, suggesting 

that although a large proportion of households 

fell below the food security threshold, the 

average deficit was relatively modest and the 

intensity of food insecurity remained low. This 

suggests that most households experience 

moderate rather than extreme food insecurity, 

and that targeted interventions such as 

financial support, food subsidies, or 

productivity enhancing programs could 

effectively lift many households above the 
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food security threshold. These results align 

with the studies of [25] and [27], which 

similarly documented significant food 

insecurity among cassava farmers in rural areas 

of South West Nigeria. 

 
Table 4. FGT estimates and indices of food security among cassava-based farming households 

Variable Mean ( /month) Std. Dev. Min  Max 

Food expenditure 51866.25 17443.98 23650 90600 

Per capita food expenditure 10699.57 3991.877 5840 28800 

Food expenditure line 7133.05 0.000 7133.05 7133.05 

Headcount  0.837 0.370 0.000 1.000 

Depth  0.020 0.048 0.000 0.181 

Severity  0.003 0.007 0.000 0.033 

Source: Field survey data analysis, 2024. 

 

Food Security Status of Cassava-based 

Farming Households 

Table 5 presents the distribution of cassava-

based farming households according to their 

food security status. The findings indicate that 

most (83.75%) of households were food 

insecure, while only 16.25% were food secure. 

This indicates that most households spent 

below the monthly food expenditure line of 

7,133.05, the benchmark used to classify 

food insecurity. 

This high incidence of food insecurity 

highlights the vulnerability of cassava-based 

households, even in the presence of crop 

diversification strategies. The evidence 

suggests that diversification alone may not 

guarantee food security, particularly where 

incomes from diversified crops are constrained 

by low market prices, high production costs, 

and limited access to profitable markets. In 

addition, diversification in many cases is 

practiced on a small scale, which restricts the 

potential to generate meaningful surpluses and 

additional household income. The limited 

uptake of improved agricultural technologies 

and inputs further exacerbates these 

challenges, leading to lower productivity and 

reduced capacity to achieve sustainable food 

security. 

These results align with the findings of [23], 

who observed elevated levels of food 

insecurity among farming households in North 

Central Nigeria. They also support the 

evidence presented by [1], [6], and [27], which 

similarly documented ongoing food insecurity 

among cassava producing households in 

Southwest Nigeria. 

 
Table 5. Food Security Status of Cassava-based Farming Households 

Food Security Status Frequency Percentage Cumulative Percentage 

Food insecure 201 83.75 83.75 

Food secure 39 16.25 100.00 

Total 240 100.00  

Source: Field survey data analysis, 2024. 

 

Effects of Crop Diversification on Food 

Security Status of Cassava-Based Farming 

Households 

The results of the logistic regression analysis 

presented in Table 6 indicate that household 

size, crop diversification, access to credit, and 

marital status have a significant impact on the 

food security status of cassava-based farming 

households. The model diagnostic statistics 

(LR chi², Prob > chi²) confirm overall 

goodness of fit and significance at the 1% 

level. 

The marginal effect of household size shows 

that an additional household member reduces 

the likelihood of food security by 0.029 units, 

implying that larger households face greater 

pressure on available food resources. This 

outcome aligns with previous findings [24], 

[25], [12], [1], [29], and [27], which 

consistently reported that household size 

negatively affects food security. In contrast, 

crop diversification has a positive and 

statistically significant impact, with a one unit 

increase leading to an improvement in 
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household food security of 0.042 units. This 

finding implies that diversification promotes 

better dietary quality and supports nutritional 

adequacy, consistent with the results reported 

by [18], [3], [19], [29], and [20]. 

Similarly, access to credit improves household 

food security by 0.18 units, suggesting that 

credit availability provides the resources 

needed to diversify production, acquire inputs, 

and stabilize income. This corroborates earlier 

evidence [9], [1], [3], [25], and [19], that 

financial inclusion enhances both 

diversification practices and food security 

outcomes.  

Marital status also had a positive effect, with 

married household heads recording a 0.007 

unit increase in food security likelihood 

compared to their unmarried counterparts. This 

reflects the benefits of pooled resources, 

household labour, and a stronger prioritization 

of food security within married households. 

The result supports [33] and [1], who observed 

that marriage improves food security outcomes 

through resource consolidation and 

cooperative decision-making. 

 
Table 6. Logistic regression estimate of effects of crop diversification on the food security status cassava-based 

households 

Variable  Coef. Std. Err. z P>z dy/dx 

Age  0.025 0.019 1.350 0.178 0.003 

Level of education -0.051 0.043 -1.180 0.239 -0.006 

Gender  0.389 0.470 0.830 0.408 0.045 

Household size -0.256** 0.134 -1.910 0.056 -0.029 

Number of extension visits 0.005 0.021 0.220 0.826 0.001 

Crop diversification score 0.365*** 0.135 2.690 0.003 0.042 

Membership of association  -0.385 0.452 -0.850 0.395 -0.044 

Access to credit 1.563*** 0.488 3.200 0.001 0.180 

Marital status 0.064* 0.680 0.090 0.925 0.007 

Farming experience 0.107 1.106 0.097 0.923 0.027 

Constant  -2.045 1.673 -1.220 0.222  

Diagnostic statistics      

LR chi2 (10)   34.27***     

Prob > chi2  0.0002***     

Pseudo R2 0.1609     

Log likelihood  -89.3741     

Source: Field survey data analysis, 2024 

***, ** and * indicates significant at 1, 5 and 10% respectively. 

 

CONCLUSIONS 

 

This study investigated how crop 

diversification influences the food security 

status of households engaged in cassava 

production in Ogun State, Nigeria. The results 

offer important insights into the factors 

affecting household food security within a 

system that is largely dependent on cassava 

cultivation. The analysis of food security 

indicated that most households, accounting for 

83.75%, spent less than the monthly food 

expenditure threshold of 7,133.05, 

highlighting the widespread incidence of food 

insecurity among cassava-based farmers. This 

finding suggests that although these farmers 

engage in crop diversification, it has not 

resulted in substantial improvements in 

household food security. Factors such as low 

crop market prices, high production costs, and 

the limited scope of diversification activities 

may contribute to this outcome. 

The logistic regression results further highlight 

the specific socioeconomic and institutional 

factors shaping household food security. 

Household size was found to negatively 

influence food security, as each additional 

member reduced the likelihood of being food 

secure by 0.029 units, reflecting the pressure of 

consumption needs on household income. In 

contrast, crop diversification had a positive and 

significant impact, with each additional unit 

associated with a 0.042 unit increase in food 

security, highlighting its contribution to dietary 
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variety and nutritional adequacy. Similarly, 

access to credit enhanced food security by 0.18 

units, underscoring the importance of financial 

inclusion in supporting investment in diverse 

agricultural production, the adoption of 

modern inputs, and the stabilization of 

household income. Marital status contributed 

positively, with married household heads 

recording a 0.007 unit increase in food security 

compared to unmarried counterparts, 

underscoring the benefits of pooled resources 

and collaborative household strategies. 

Overall, the findings suggest that crop 

diversification, though beneficial, must be 

complemented with supportive measures such 

as improved access to credit, family planning, 

input subsidies, and functional produce 

markets to unlock its full potential in achieving 

food security. Policymakers should therefore 

design interventions that strengthen farmersô 

capacity to diversify profitably, enhance value 

addition to cassava and associated crops, and 

expand access to inclusive rural financial 

services. Addressing household size pressures 

through family planning awareness and 

nutrition-sensitive agricultural policies will 

also be crucial in mitigating food insecurity. In 

conclusion, while cassava remains a vital 

staple in Ogun State, achieving household food 

security requires a holistic approach that 

integrates crop diversification, institutional 

support, and socioeconomic considerations. 

Such a strategy will not only reduce the 

vulnerability of cassava-based farming 

households to food insecurity but also enhance 

their resilience and contribution to Nigeriaôs 

broader food system.  
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Abstract 

 

This study investigates the numerous risks faced by small and medium-sized enterprises (SMEs) in the agricultural 

sector of Northwestern Romania. Based on a comprehensive survey,  the research identifies key threats to operational 

stability and profitability in agricultural businesses. The results indicates the probability of facing financial, climatic, 

and market-related risks, highlighting the variety of challenges that SMEs has to manage. The assessment of these 

risks underscores the need to implement effective risk management strategies and provides the foundation for 

developing organizational processes focused on resilience. The findings also emphasize the need for proactive public 

efforts to prepare measures to protect agricultural enterprises from a wide range of threats. 

 

Key words: resilience strategies, crisis management, adaptive capacity  

 

INTRODUCTION  
 

The significance of agriculture in the EU 

derives from the economy's dependence on it. 

[3, 11, 17]. It creates jobs in rural areas, 

protects biodiversity, improves food security 

and significantly aids environmental 

sustainability [4]. Small and medium-sized 

enterprises (SMEs) in this sector are essential 

for promoting economic development in 

emerging regions. They address critical issues 

such as unemployment, food insecurity, 

inadequate income, and substandard nutrition. 

In countries like Romania, where agriculture is 

essential for community well-being and 

regional development, the impact of SMEs is 

considerable due to agriculture's contribution 

to resilience and economic growth [1]. 

Notably, Romania stands out within the EU as 

the nation with the highest number of 

agricultural holdings. As of 2020, the 

European Union had a total of 9.1 million 

farms. Romania hosted just under one third of 

these, with 31.8% of the EU's farms located 

within its borders [9]. 

However, Romania's agricultural landscape is 

characterized by significant land fragmentation 

coupled with insufficient collaborative efforts 

[19]. This fragmentation has resulted in a 

dualistic agricultural structure predominantly 

composed of small-scale subsistence farms, 

with a limited number of enterprises equipped 

to effectively compete in the market [13]. The 

majority of the agricultural businesses in the 

region are small-scale and family-operated, 

frequently reliant on conventional farming 

techniques. These firms generally lack access 

to modern technology, advanced equipment 

and research-driven methodologies. Relying 

on outdated methods has a negative impact on 

productivity, competitiveness and 

environmental resilience [21]. Moreover, the 

issues of fragmented land ownership and 

inadequate organizational infrastructure 

further exacerbate these difficulties.  

The primary limitation of operating on plots 

smaller than 5 hectares restricts owners' ability 

to generate enough income and profit to invest 

in modern technology. [2, 16]. Access to 

financial resources represents another critical 

barrier; rural communities frequently 

encounter challenges in obtaining credit, 

navigating EU funding programs, and securing 

subsidies that could alleviate financial 

constraints [20]. In contrast, larger farms tend 

to exhibit greater sustainability and 

competitiveness, highlighting the need for 

structural reforms to address the challenges 

inherent in this fragmented land structure. To 

promote a more effective agricultural 

landscape, it is essential to implement reforms 

and increase investment in the agricultural 
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sector, thereby enhancing both productivity 

and market readiness [22].  The 

competitiveness of Romania's agricultural 

sector is closely intertwined with the nation's 

overall economic development. Significant 

structural changes particularly in land 

ownership and agricultural practices have had 

a profound impact on the agricultural 

landscape [18]. Furthermore, the 

implementation of economic reforms, 

alongside the repercussions of the economic 

crisis, has exacerbated regional disparities, 

resulting in varying levels of agricultural 

competitiveness across different areas [24].  

Although small and medium-sized enterprises 

(SMEs) in the agricultural sector play a crucial 

role in stimulating economic growth and 

addressing pressing challenges such as 

unemployment and food security, they face a 

variety of significant obstacles that impede 

their operational effectiveness. Empirical 

research has identified several factors 

contributing to the slow growth rates of Agri-

SMEs, including limited access to financial 

resources, inadequate levels of financial 

inclusion, heightened competition, insufficient 

capacity to adopt innovative technologies, 

suboptimal data management practices, and 

elevated transaction costs in relation to their 

operational scale. Furthermore, shortcomings 

in entrepreneurial competencies and 

ineffective financial management practices 

exacerbate the difficulties faced by these 

enterprises in achieving long-term 

sustainability [1], [8]. 

As governmental policies progressively 

transition from compensating agricultural 

losses to promoting private market solutions 

for farmers, there is an escalating necessity for 

the adoption of effective risk management 

practices within agricultural operations [14]. 

The risk management strategies implemented 

by agricultural producers frequently reflect 

their perceptions of potential hazards and the 

opportunities that are accessible to them [15]. 

In contexts characterized by uncertainty, the 

development of comprehensive risk 

management capabilities is critical for 

preserving operational integrity and fulfilling 

strategic objectives [25]. 

In order to align with European Union 

standards, there exists an urgent need to 

enhance agricultural efficiency and modernize 

farming methodologies, thereby ensuring both 

competitiveness and food security [6] [14].  

Approximately 45% of Romania's population 

resides in rural areas, where agriculture 

continues to be a crucial source of income for 

several families [10], hence underscoring the 

significant importance of farming in Romania's 

countryside [12]. Nonetheless, the industry 

persists in confronting entrenched challenges 

that limit innovation and constrain its capacity 

for growth [7] [5]. The North-West region 

exemplifies these dynamics strongly. 

Approximately 47.4% of the population 

resides in rural areas, where agriculture is 

essential to local economies, contributing 

roughly 45.8% of rural income [23].  

This study examines the risks confronting 

agricultural SMEs in Northwestern Romania, 

with the objective of outlining measures for 

better governance and the development of 

more resilient businesses. 

 

MATERIALS AND METHODS  

 

Study Design 

This study adopted a quantitative 

methodology, utilizing a structured survey to 

assess the perceptions of risks and the interest 

in developing various resilience strategies 

among agricultural SMEs in North-West 

Romania. The questionnaire was carefully 

crafted to gather important information on risk 

management perspectives and practices. 

Sample Selection 

The research concentrated on agricultural 

SMEs located in the North-West area of 

Romania, particularly in the counties of Cluj, 

Bihor, Bistrita-Nasaud, Maramures, Satu 

Mare, and Salaj. The selection process initially 

utilized the ListaFirme.ro database, applying 

filters for the agricultural sector (CAEN code 

01) to identify relevant companies. However, 

the publicly available information on this 

platform proved limited, particularly in terms 

of contact details. 

To address this limitation, a more 

comprehensive database was purchased from 

the Client Solutions Group website 
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(https://www.clientsolutions.ro/) [26], which 

included detailed information on 4,445 SMEs 

companies from the targeted area. Of these, 

1,335 had email addresses, while the remainder 

were listed with phone numbers. Email 

invitations to participate in the survey were 

sent to all companies with available email 

addresses, resulting in 41 completed responses. 

To increase the response rate, 40 companies 

were additionally contacted by phone, 

generating 19 further completed surveys. In 

total, 60 valid responses were collected for 

analysis. Participants were assured of 

confidentiality and encouraged to provide 

honest and thoughtful answers. 

The survey was structured around four key 

thematic areas: 

(i)Likelihood of encountering risks: 

Participants were requested to evaluate the 

probability of facing various specified risks, 

evaluated on a scale from 1 (extremely 

unlikely) to 5 (very likely). This was designed 

to quantify risk perceptions and identify the 

most pressing threats. 

(ii)Experience with crisis situations: 

Respondents were queried about their 

experiences with crisis situations in the past 

five years, specifically whether they had 

encountered any crises and, if so, to categorize 

the types of risks faced. This aspect aimed to 

contextualize their individual experiences 

within the broader agricultural environment. 

(iii) Impact of crisis situations: Participants 

estimated the percentage of total losses 

incurred due to crises as it relates to their 

annual revenue during the year of the crisis. 

This question aimed to ascertain the financial 

impact of risk events on their operations. 

(iv)Assessment of resilience: Finally, 

respondents were asked to evaluate their 

enterprise's resilience in the face of risk, 

providing a rating from 1 to 5, where 1 

indicates the lowest level of resilience and 5 

represents the highest. This component sought 

to gauge the perceived capacity of Agri-SMEs 

to withstand and adapt to adverse 

circumstances. The structured approach of 

dividing the questions into these four topics 

allowed for a thorough exploration of the 

challenges and resilience strategies of 

agricultural SMEs. Data collected from these 

questions will facilitate a nuanced analysis of 

the overarching themes of risk management 

and resilience within the sector. 

Data analysis 

Data analysis utilized descriptive statistical 

methods to identify trends and patterns within 

responses, providing a comprehensive 

understanding of prevailing attitudes and 

strategies in risk management. This structured 

approach ensured a thorough exploration of 

challenges and resilience strategies among 

agricultural SMEs. 

Ethical Considerations 

Ethical approval was obtained, and informed 

consent was secured from all participants. 

Confidentiality and data privacy were 

rigorously maintained throughout the study. 

Limitations  

The limited sample size may constrain the 

generalizability of results. Future research with 

larger sample sizes is recommended to further 

validate these findings. 

 

RESULTS AND DISCUSSIONS 
 

This section presents the findings obtained 

from the survey conducted among agricultural 

small and medium-sized enterprises (SMEs) 

located in North-West Romania regarding their 

perceptions of risk and resilience strategies. 

The survey was structured around four key 

thematic areas: the likelihood of encountering 

risks, experiences with crisis situations, the 

financial impact of these situations, and the 

perceived resilience of the enterprises. 

(i)Likelihood of encountering risks: 

Participants evaluated the likelihood of facing 

various specified risks on a scale from 1 (very 

unlikely) to 5 (very likely).  The distribution of 

risk perceptions across various contexts 

indicates that agricultural SMEs in North-West 

Romania consider several risks, including 

climate change impacts, price fluctuations, 

market access challenges, and personnel 

retention issues, as moderate to highly 

probable. This underscores an urgent need for 

comprehensive risk management strategies 

tailored to their specific operational realities. 

The prevalent perception of these risks 

highlights a critical requirement for bolstering 

resilience and adaptability within the 

https://www.clientsolutions.ro/
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agricultural sector to safeguard it against 

uncertainties and support sustainable 

development (Fig. 1). 

(ii)Experience with crisis situations: When 

asked about their experiences over the past five 

years, 80% of respondents indicated that they 

had encountered a crisis situation (Fig. 2), 

suggesting that exposure to at least one 

significant disruption is a common occurrence 

among agricultural SMEs in the region. The 

most frequently reported types of risk were 

market/price risk (78.8%) and production risk 

(76.9%), followed by financial risk (36.5%). In 

addition, institutional risksðsuch as political 

or legislative instabilityðwere identified by 

15.4% of respondents, while human/personal 

risks (e.g., accidents, illness, divorce) were 

mentioned by 9.6%. This distribution 

highlights the predominance of operational and 

market-related vulnerabilities, while also 

drawing attention to less frequent but notable 

contextual and personal challenges. These 

findings emphasize the need for 

comprehensive risk management strategies 

that address both economic and socio-

institutional dimensions (Fig. 3). 

(iii) Impact of crisis situations: Participants 

were asked to estimate the percentage of total 

losses due to crisis situations relative to their 

annual revenue. The data indicated that 38,3% 

of respondents reported losses of less than 10% 

of their annual revenue, 46,7% of respondents 

indicated losses between 10% and 30%, and 

38,3% of respondents experienced losses over 

30%. This distribution reveals a relatively 

balanced segmentation between enterprises 

exhibiting lower financial exposure and those 

reporting moderate to severe disruptions. 

While a portion of agricultural SMEs appears 

to maintain a degree of financial resilience, the 

prevalence of medium and high-impact losses 

suggests that a considerable share remains 

susceptible to crisis-induced vulnerabilities. 

These findings underscore the need for 

comprehensive resilience-building policies, 

including the development of adaptive 

financial instruments, risk forecasting tools, 

and targeted institutional support, particularly 

for enterprises situated in higher-risk 

categories ( Fig. 4). 

(iv)Assessment of resilience:  

When asked to assess their own resilience, 

6.7% of respondents considered their 

businesses to be very resilient, while 16.7% 

rated themselves as resilient. In contrast, only 

1.7% reported no resilience, and 13.3% 

indicated very low resilience. A significant 

majorityð61.7%ðcharacterized their 

resilience as moderate. These findings suggest 

that although a small segment of agricultural 

SMEs perceives itself as well-prepared to 

manage disruptions, most enterprises 

acknowledge only a moderate or limited ability 

to cope with adverse conditions. This self-

assessment reflects a general awareness of 

structural or operational vulnerabilities and 

highlights the need for tailored capacity-

building initiatives. Strengthening internal risk 

management practices, increasing access to 

advisory support, and promoting adaptive 

strategies may be crucial to improving the 

sectorôs overall resilience (Fig. 5). The 

following figures offer a visual synthesis of the 

survey results, illustrating participants' 

perceptions of key risk categories, their 

experiences during crisis events, the financial 

impacts of those events, and their self-

evaluations of resilience. These visualizations 

aim to support a clearer understanding of the 

risk landscape confronting agricultural 

enterprises. 

Question 1: Please rate the likelihood of facing 

one of the risks mentioned below (1 - very 

unlikely, 5 - very likely). 

Options:  

-Climate change-induced risks (erosion, 

decline in organic matter, salinization, loss of 

soil biodiversity, landslides, desertification, 

flooding, etc.) 

-The fluctuating prices of raw materials 

-The fluctuating prices of the products you sell 

-Health issues affecting crops/animals 

-Instability of agricultural policy 

-Sudden changes in demand (sharp 

decrease/increase) 

-Difficulties in marketing the production 

-Difficulties in retaining personnel. 
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Fig. 1. Risk likelihood distribution 

Source: Authorôs own creation based on the survey results. 

 

 
Fig. 2. Experience with crisis situations 

Source: Authorôs own creation based on the survey 

results. 

Question 2: Have you faced crisis situations in 

the last 5 years? 

Options: Yes / No 

Question 3: To which category do the risks 

you have encountered belong? 

Options:  

-Production risk (the quantity and quality of 

production have been affected by climatic 

conditions / the use of fertilizers, etc.) 

-Market/price risk (uncertainty of 

prices/demand) 

-Financial risk (loans / financial obligations) 

-Institutional risk (political / legislative 

instability) 

-Human/personal risks (accidents, illnesses, 

divorce) 

 

 
Fig. 3. Categories of risks encountered 

Source: Authorôs own creation based on the survey results. 
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Question 4: What percentage of your total 

losses generated by crisis situations 

represented your annual revenue (in the year 

the crisis occurred)? 

Options:  

¶ < 10% 

¶ >10%- =<30% 

¶ >30% 

Question 5: 

To what extent do you consider your 

enterprise to be resilient when exposed to risk 

situations? Please rate it on a scale from 1 to 

5, where 1 represents the lowest level of 

resilience and 5 represents the highest level. 

Options: Likert scale from 1 to 5. 

 

 
Fig.  4.  Impact of crisis situations on annual revenue 

Source: Authorôs own creation based on the survey 

results. 

 

 
Fig.  5.  Assessment of resilience 

Source: Authorôs own creation based on the survey 

results. 

 

The study results provide substantial insights 

into the difficulties encountered by agricultural 

SMEs in Romania's North-West area. The 

study reveals that a significant percentage of 

respondents recognize various risks as 

common, especially those linked to market 

volatility and environmental changes. This 

increased risk awareness highlights the 

necessity for tailored risk management 

frameworks that serve to the distinct 

operational realities of these organizations. 

The significant number of respondents 

indicating previous exposure to crisis 

situations emphasizes an urgent necessity for 

creation and proposal of effective and flexible 

crisis response strategies. Although certain 

businesses demonstrate significant resilience, 

the findings indicate ongoing vulnerabilities 

throughout the sector, implying that improved 

institutional support and focused resource 

allocation are crucial for enhancing adaptive 

capacities. 

The assessment of resilience further 

demonstrates that numerous SMEs perceive 

themselves as inadequately prepared to deal 

with emerging risks. This finding underlines 

the necessity of customized risk mitigation 

methods, supported by efforts to develop a 

culture of resilience through capacity building, 

inter-organizational collaboration, and 

strategic investment in situational awareness. 

This study's findings suggest the creation of 

robust support frameworks and legislative 

measures to enhance the long-term 

sustainability and resilience of agricultural 

SMEs in the context of being exposed to 

environmental and economic uncertainties. 

Future research should investigate sector-

specific solutions and propose methodological 

approaches to enhance risk governance and 

crisis adaptation within this sector. 

Implications 

This study's results highlight the importance of 

its findings for stakeholders in the agriculture 

sector, especially for broader interpretation and 

practical application. A comprehensive 

awareness of these consequences is crucial, as 

they provide significant insights for directing 

future research, driving the creation of applied 

projects, and contributing in evidence-based 

policy making. By acknowledging the 

potential findings and application of the study, 

stakeholders have more information to make 

informed decisions and execute initiatives that 

improve sectoral resilience and sustainability. 

The results of this research yield several 
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implications, emphasizing the importance of 

tailored strategies and collaborative efforts to 

effectively address the unique challenges faced 

by agricultural enterprises in North-West 

Romania. 

Policy development  

The findings of this study highlight the 

necessity for policymakers to gain insight into 

the current perceptions and practices of risk 

management among agricultural SMEs. Such 

understanding can guide the formulation of 

targeted policies that directly address the 

specific challenges these enterprises encounter, 

thereby promoting a more resilient agricultural 

sector. It is essential for policymakers to 

prioritize the development of frameworks that 

support effective risk management strategies, 

tailored to the unique conditions of the local 

agricultural landscape. 

Capacity building 

There exists a distinct requirement for 

capacity-building initiatives designed to 

educate agricultural entrepreneurs on best 

practices in risk management. Training 

programs that emphasize risk assessment, 

effective communication with stakeholders, 

and crisis management can enhance the 

competencies of SMEs, enabling them to 

respond more adeptly to potential threats.  

Collaboration with agricultural groups and 

educational institutions can facilitate the 

creation of workshops and resources that 

advance this purpose. 

Enhanced stakeholder collaboration 

These findings highlight the necessity of 

establishing collaborative initiatives across 

different government departments, business 

associations, and financial institutions. To 

improve risk management strategies and offer 

vital support to agricultural small and medium-

sized firms (SMEs) facing complex challenges, 

it is possible to build collaborative networks to 

promote the exchange of knowledge and 

resources. 

Awareness raising 

Developing a culture of risk awareness is 

crucial. This research serves as a catalyst for 

information dissemination by providing insight 

on potential threats and the advantages of 

proactive risk management. By raising 

awareness, stakeholders can encourage small 

and medium-sized firms (SMEs) to implement 

and prioritize resilient risk mitigation 

strategies. 

Future research directions 

This research provides a robust basis for future 

research in agricultural risk management. By 

providing an exhaustive framework and 

essential insights, it promotes deeper research 

into the topic and motivates researchers to 

expand upon its conclusions. The work acts as 

an inspiration for enhancing both theoretical 

and practical comprehension, facilitating the 

continual improvement of risk management 

strategies in the agriculture sector. 

Evaluation of policy impact 

Policymakers are encouraged to implement 

systematic methods for evaluating the long-

term success of risk management programs. 

Ongoing assessment can produce practical 

input, facilitating prompt adjustments and 

ensuring that policies stay aligned with the 

changing requirements of the agricultural 

industry. 

 

CONCLUSIONS 

 

This study provides critical insights into the 

risk perceptions and resilience strategies of 

agricultural SMEs in North-West Romania. 

The findings reveal that a significant 

proportion of respondents recognize various 

risks, particularly those associated with market 

fluctuations and the impacts of climate change. 

This heightened awareness underscores an 

urgent necessity for the development of 

effective risk management frameworks that are 

specifically tailored to the unique challenges 

faced by these enterprises. 

Furthermore, the substantial incidence of 

reported crisis experiences highlights the 

pressing need for comprehensive crisis 

management strategies. While many SMEs 

exhibit a degree of resilience, the data also 

indicates vulnerabilities within a subset of 

these enterprises, suggesting that enhanced 

support and resources are essential for 

strengthening their adaptive capacity. The 

prevalent self-assessment of resilience reveals 

that a considerable majority of respondents feel 

inadequately equipped to confront forthcoming 

challenges. This finding emphasizes the 
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importance of fostering a culture of resilience 

through targeted training initiatives and 

collaborative efforts among stakeholders. 

The results of this study have notable 

implications for policymakers, who need to 

cultivate a sophisticated comprehension of 

current risk management techniques inside 

agricultural SMEs.  This understanding is 

crucial for developing targeted policies that 

tackle the specific issues faced by these firms, 

so promoting a more resilient and sustainable 

agricultural industry. 

 There is an urgent necessity for capacity-

building efforts that provide agricultural 

entrepreneurs with the tools and knowledge 

essential for efficient risk management.  

Training programs focused on essential 

competenciesðsuch as risk assessment, 

strategic planning, and stakeholder 

engagementðcan enable SMEs to respond 

more effectively to new challenges. 

 The study emphasizes the importance of 

collaboration across multiple stakeholders.  

Enhancing collaborative networks across 

governmental entities, industry associations, 

and financial institutions can promote the 

sharing of knowledge and resources, hence 

improving risk management procedures 

throughout the sector. 

 The development of a risk-aware culture 

within the agricultural community is equally 

essential.  The findings of this research can 

establish a basis for awareness initiatives that 

motivate SMEs to emphasize proactive and 

effective risk mitigation techniques. 

 Future research could expand on this study by 

exploring specific tactics that enhance 

resilience and adaptation.  It should evaluate 

the effectiveness of different risk management 

strategies in mitigating the numerous threats 

faced by agricultural operations. 

 This research enhances the comprehension of 

agricultural risk management and indicates 

critical areas for strategic intervention, so 

contributing to the long-term profitability and 

sustainability of SMEs in a progressively 

volatile environment. 

 

REFERENCES 

 

[1]Barducz, E.A., Jitea, M., 2024, Risk management at 

the level of Romanian small and medium sized 

agricultural business -a systematic literature review, 

Scientific Papers Series Management, Economic 

Engineering in Agriculture and Rural Development, 24 

(4):83-94.  

[2]BobeicŁ, M., Arghiroiu, G. A., Beciu, S., 2023, 

Assessing Romaniaôs food security status in 2022: A 

comparative analysis with regional peers. Scientific 

Papers Series Management, Economic Engineering in 

Agriculture & Rural Development, 23(4):95-102.  

[3]Burja, C., Burja ,V., 2016, Farms size and efficiency 

of the production factors in Romanian agriculture, 

Ekonomika Poljoprivrede, 63(2):361ï374. 

[4]Burja, V., Tamas-Szora, A., Dobra, I. B., 2020, Land 

Concentration, Land Grabbing and Sustainable 

Development of Agriculture in Romania, Sustainability, 

12(5), 2137 

[5]Ciocan, H.N., Batrina, S.L., Balta, I., Moraru, P.I, 

Sacaleanu, D.I., Borron, A., 2024, A proposed 

agricultural extension model for Romania: leveraging 

universitiesô resources to create a cost efficient and 

impactful knowledge transfer system inspired by the US 

model, Scientific Papers Series Management, Economic 

Engineering in Agriculture and Rural Development, 24 

(4):191-204. 

[6]Chivu, L.,  Andrei, J.V., Zaharia, M., Gogonea, R.M., 

2020, A regional agricultural efficiency convergence 

assessment in Romania ï Appraising differences and 

understanding potentials, Land Use Policy, 2020, 

99,104838 

[7]Dumanoglu, Z., Ekren, S., Öztürk, G., Gökcöl, A., 

Ķlker, E., Geren, H., 2021, Determination of Some 

Physical Properties of Hemp Seeds Harvested in 

Different Years, European Journal of Science and 

Technology, 27, 17-21 

[8]European Central Bank, Economic and monetary 

developments. Small and medium-sized enterprises in 

the euro area: Economic importance and financing 

conditions, Monthly Bulletin, 2013 

https://www.ecb.europa.eu/pub/pdf/mobu/mb201307en

.pdf, Accessed on 15.02.2025. 

[9]Eurostat, Agriculture statistics - family farming in the 

EU, 2023, https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Agriculture_statistics_-

_family_farming_in_the_EU#:~:text=Majority%20of%

20farms%20are%20family%20farms%20in,farms%20

was%20sharply%20higher%20than%20in%202010., 

Accessed on 25.06.2025. 

[10]Feher, A., GoἨa, V., Raicov, M., HaranguἨ, D.,  

Condea, B. V., 2017,  Convergence of Romanian and 

Europe Union agricultureïevolution and prospective 

assessment. Land use policy, 67, 670-678. 

[11]Giannakis, E., Bruggeman, A, 2015, The highly 

variable economic performance of European agriculture, 

Land Use Policy, 2015, 45, 26-35. 

[12]Jelliffe, J., Lopez, R.A., Ghimire. S., 2020, CBD 

Hemp Production Costs and Returns for Connecticut 

Farmers in 2020, Zwick Center Outreach Report No. 66, 

University of Connecticut, 19 p. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agriculture_statistics_-_family_farming_in_the_EU#:~:text=Majority%20of%20farms%20are%20family%20farms%20in,farms%20was%20sharply%20higher%20than%20in%202010
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agriculture_statistics_-_family_farming_in_the_EU#:~:text=Majority%20of%20farms%20are%20family%20farms%20in,farms%20was%20sharply%20higher%20than%20in%202010
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agriculture_statistics_-_family_farming_in_the_EU#:~:text=Majority%20of%20farms%20are%20family%20farms%20in,farms%20was%20sharply%20higher%20than%20in%202010
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agriculture_statistics_-_family_farming_in_the_EU#:~:text=Majority%20of%20farms%20are%20family%20farms%20in,farms%20was%20sharply%20higher%20than%20in%202010
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agriculture_statistics_-_family_farming_in_the_EU#:~:text=Majority%20of%20farms%20are%20family%20farms%20in,farms%20was%20sharply%20higher%20than%20in%202010


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

Vol. 26, Issue 1, 2026 

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

 103 

[13]Manjunatha, A.V.,  Anik, A.R., Speelman, S., 

Nuppenau, E.A., 2013, Impact of land fragmentation, 

farm size, land ownership and crop diversity on profit 

and efficiency of irrigated farms in India, Land Use 

Policy, 2013, 23, 397-405. 

[14]Meuwissen, M.P.M., Hardaker, J.B., Huirne, 

R.B.M., Dijkhuizen, A.A., 2001, Sharing risks in 

agriculture; principles and empirical results, 2021, 

NJAS: Wageningen Journal of Life Sciences, 49(4): 

343-356 

[15]Meuwissen, M.P.M., Huirne, R.B.M., Hardaker, 

J.B., 2001, Risk and risk management: an empirical 

analysis of Dutch livestock farmers, 2001, 69 (1):43-53. 

[16]Moraru, P. I., Rusu, T., GuἨ, P., Bogdan, I., Pop, A. 

I., 2015, The role of minimum tillage in protecting 

environmental resources of the Transylvanian Plain, 

Romania. Romanian Agricultural Research, 32, 127 

135.  

[17]MorkȊnas, M., Volkov, A., Pazienza, P., 2018, How 
resistant is the agricultural sector? Economic resilience 

exploited,  Economics and Sociology, 11(3): 321-332. 

[18]Nowak, A., Kaminska, A, 2016., Agricultural 

competitiveness: The case of the European Union 

countries,  Agricultural Economics, 2016, 62 (11):507-

516 

[19]Otiman, P. I., 2012, Romaniaôs present agrarian 

structure: a great (and unsolved) social and economic 

problem of our country, Agricultural Economics and 

Rural Development, 9 (1):3-24. 

[20]Podaru, A. M. P., Turek-Rahoveanu, A., 2021, 

Analysis of the impact of the allocation of European 

funds on rural development in Romania. In SHS Web of 

Conferences, 95, p. 01016). EDP Sciences 

[21]Popescu, A., Dinu, T. A., Stoian, E., ķerban, V., 

2022, Population occupied in agriculture and 

agricultural production value in Romania, 2008-2020, 

Scientific Papers Series Management, Economic 

Engineering in Agriculture and Rural Development, 22 

(1):503-514. 

[22]Ren, C., Liu, S., van Grinsven, H., Reis, S., Jin, S., 

Liu, H., Gu, B., 2019, The impact of farm size on 

agricultural sustainability, Journal of Cleaner 

Production, 2019, 220, 357-367 

[23]Rural SMEs, Interreg Europe project, Introduction 

of the North-West Region (Romania)  

https://projects2014-

2020.interregeurope.eu/ruralsmes/news/news-

article/1097/introducerea-regiunii-nord-vest-romania/, 

Accessed on 14.02.2025. 

[24]Torok, I., 2017, Competitiveness of Romanian 

Regions in the Spatial Structure of the EU, OP Conf. 

Ser.: Earth Environ. Sci. 95 052013 

[25]Walczak, W., Kuchta, D., 2013, Risks characteristic 

of agile project management methodologies and 

responses to them, 2013, Operations Research and 

Decisions, 23, 75-95. 

[26]Website: Client Solutions Group,  

https://www.clientsolutions.ro/, Accessed on 

14.02.2025. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://projects2014-2020.interregeurope.eu/ruralsmes/news/news-article/1097/introducerea-regiunii-nord-vest-romania/
https://projects2014-2020.interregeurope.eu/ruralsmes/news/news-article/1097/introducerea-regiunii-nord-vest-romania/
https://projects2014-2020.interregeurope.eu/ruralsmes/news/news-article/1097/introducerea-regiunii-nord-vest-romania/
https://www.clientsolutions.ro/


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

Vol. 26, Issue 1, 2026 

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

 104 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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

Vol. 26, Issue 1, 2026 

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

 105 

PRODUCT POLICY EVALUATION IN TRADITIONAL FOOD RETAIL 

SUPPORTING RURAL DEVELOPMENT: "BŀCŀNIA LA STAN" CASE 

STUDY 

 
Amelia-Teodora BÎLDEA, Natalia MANEA  

 

National University of Science and Technology POLITEHNICA Bucharest, Faculty of 

Entrepreneurship, Engineering and Business Management, 313 Splaiul IndependenἪei, District 6, 

060042 Bucharest, Romania;  E-mails: amelia.bildea@stud.faima.upb.ro, natalia.manea@upb.ro 

 

Corresponding author: natalia.manea@upb.ro 
 

Abstract 

 

This study explored how ñBŁcŁnia LA STANò applies the marketing mix, focusing on product policy and its impact 

on consumer perception. A survey of 115 respondents showed strong appreciation for product quality and authenticity 

but highlighted concerns about assortment variety and stability, especially off-season. Prices were seen as medium to 

high compared to supermarkets, though still lower than typical specialty stores. The demographic analysis revealed 

a younger, lower-income audience, suggesting a gap with the intended target segment. 

To address these findings, recommendations include expanding and stabilizing the assortment, adjusting prices to 

reflect value, refining communication strategies, and strengthening loyalty programs. Together, these steps can help 

improve brand positioning and support sustainable growth 

 

Key words: product policy, traditional food,  consumer perception, specialty retail, rural development 

 

INTRODUCTION  

 

In the current economic and social climate, 

more and more consumers are turning their 

attention to food products that are traditional, 

natural, and locally sourced [7]. This growing 

interest is closely tied to a stronger focus on 

health, rising concerns about the environment, 

and a desire for products perceived as more 

valuable and authentic, all factors that play a 

major role in the choice to buy organic foods 

[8, 10]. The change we see is important as 

individuals adopt more handmade items 

instead of factory made products. This is 

because people are attempting to define 

themselves with their preferences and values 

[5]. 

Short food supply chains assure are fast tools 

as traditional, natural and healthy foods to 

arrive directly to consumers [3, 12].  

This is a new and the most efficient marketing 

strategy as fresh products to reach the 

customers and assure a direct income to  local 

producers [4, 12]. 

Local gastronomic points [11] are of high 

attraction for consumers keen to buy healthy 

traditional food products and this contribute to 

the rural development. 

Local grocery shops, known in Romania as 

ñbŁcŁniiò, have stepped up to meet this demand 

of the city rezidents, acting as a crucial link 

between small local producers and customers 

looking for healthier and more authentic 

alternatives. By highlighting transparency and 

emphasizing the local story behind each 

product, these shops are able to build trust with 

their customers. This trust is particularly 

important since peopleôs confidence in organic 

and traditional foods is strongly shaped by their 

age and by how authentic they believe the 

products to be [1]. 

Marketing plays an essential role in this whole 

process. It is no longer just about simple 

advertising but has become a key strategic tool 

that helps shape a brandôs position in the 

market and supports long-term growth. The 

marketing mix, which includes product, price, 

place, and promotion, allows businesses to 

better understand and respond to what modern 

consumers care about, such as health and 

environmental impact [7], [8]. It also helps 

businesses adjust their product selections and 

pricing strategies to suit different groups of 
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buyers [5]. Among these elements, product 

policy stands out as particularly important, as 

it influences both how valuable customers 

perceive a brand to be and the emotional 

connection they feel toward it [6]. 

Earlier research indicates that consumers link 

traditional and natural items with elevated 

quality, nostalgia, and some form of cultural 

attachment [5]. In Romania, there is a 

reinforced interest in local food stimulated by 

national policies designed to assist small-scale 

producers and advocate for local and regional 

specialties. Despite this progress, there are still 

challenges when it comes to making 

consumers aware of these products, convincing 

them of their value, and encouraging them to 

pay premium prices [9]. 

BŁcŁnia LA STAN [2], situated in Bucharest, 

the capital of Romania, is a strong example of 

this trend. Founded in 2024, the store 

specializes in selling authentic and traditional 

products. The selections focus on health and 

well-being, sustainability, and preserving 

culinary heritage. What makes the shop unique 

is the precise markings, selective distribution, 

and advertising based on real stories and 

genuine traditions. 

This study aims to explore how ñBŁcŁnia LA 

STANò uses the marketing mix, with a 

particular focus on its product policy and how 

this supports its brand positioning. To 

understand this, a quantitative survey was 

carried out among 115 respondents to learn 

more about their perceptions, motivations, and 

possible obstacles to buying. 

This research focuses on seeing how 

consumers perceive both the products and the 

overall marketing strategy of the store. It also 

looks at what influences their buying decisions, 

such as product features, price sensitivity, and 

the brand image. Based on these findings, the 

study suggests some ideas for improving the 

product policy and for building stronger 

customer loyalty. 

 

MATERIALS AND METHODS  

 

A quantitative descriptive research design was 

chosen to better understand how customers 

perceive ñBŁcŁnia LA STANôs product policy 

and overall marketing approach. The main data 

collection tool was a structured questionnaire 

created using Google Forms. This 

questionnaire included a total of 19 questions, 

divided into four main sections: socio-

demographic characteristics, purchasing 

behavior and motivations, perceptions of 

product assortment and quality, as well as 

brand image and loyalty intentions. By 

organizing it this way, the study aimed to 

capture a more complete picture of how 

consumers relate to the store and what factors 

shape their buying decisions. 

The survey was conducted during a span of ten 

days, from April 29 to May 8, 2025. It was 

disseminated both online through the storeôs 

social media platforms and offline by 

displaying a QR code linked to the survey at 

the checkout area of the physical store. 

The total number of valid responses collected 

was 115. The sample gained was diverse in the 

aspects of age, income, and educational 

background which gave a deeper 

understanding of consumer perspectives. 

In addition to summarizing the answers from 

the Likert scales, the study also used graphs 

like bar charts and pie charts to present the data 

visually, along with descriptive statistics such 

as frequencies and percentages. Variables 

related to purchasing motivation such as local 

origin and the traditional way of producing the 

products, were analyzed to see if there were 

significant connections between them. To 

examine these possible associations, 

Spearmanôs rank correlation coefficient was 

used. 

 

RESULTS AND DISCUSSIONS 

 

The analysis of the survey data provides useful 

insights into how consumers see and respond 

to BŁcŁnia LA STANôs marketing strategy, 

with a particular focus on its product policy. 

The discussion below outlines the most 

relevant results, each one linked to specific 

questions from the survey. 

About brand awareness, at Q1, a significant 

majority of respondents (92%) reported that 

they had heard of BŁcŁnia LA STAN. This 

high recognition rate indicates that the brand 

enjoys strong visibility and is already well-

established in the minds of local consumers. 
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At Q2, respondents were asked whether they 

had ever purchased products from the store. 

The results showed that 66 people shop there 

frequently and 37 occasionally. In total, over 

89% of participants had made at least one 

purchase, which reinforces the relevance and 

reliability of their subsequent responses. For 

the purpose of further analysis, only these 103 

valid responses were retained. 

Connection between product authenticity 

and trust in local stores (Q3 and Q4) 

Questions 3 and 4 were designed to find out 

how much importance consumers place on 

authenticity and local origin, as well as how 

much they trust local grocery shops. Using 

Spearmanôs rank correlation coefficient, the 

analysis revealed a strong positive relationship 

(rho = 0.691). In other words, people who 

value authentic and locally sourced products 

tend to have greater trust in specialized stores 

like ñBŁcŁnia LA STANò. 

This suggests that, for these consumers, 

authenticity goes beyond just the physical 

product. It also reflects the overall shopping 

experience and the emotional bond they 

develop with the store. Trust appears to be built 

not only through product quality but also 

through transparency and the local story 

behind each item. In this way, authenticity 

becomes a key factor that strengthens customer 

loyalty and deepens their connection to the 

brand (Table 1). 

Table 1. Correlation results for Q3 and Q4 

Spearmanôs rank correlation coefficient 

(rho) 0.691 

Degrees of freedom (df) 101 

Calculated  t-value (tcalc) 9.606 

Critical t-value (Ŭ = 0.05, two-tailed) 1.984 

p-value (significance) 6.6E-

16 

Source: Authorôs own research (2025). 

 

The results (p-value < 0.05) support the idea 

that consumers who care about product 

authenticity are also more likely to trust 

specialized local stores, such as BŁcŁnia LA 

STAN. This finding suggests that 

strengthening aspects like authenticity and 

transparent sourcing can play a direct role in 

building consumer trust and encouraging long-

term brand loyalty [1]. 

Regarding motivations for choosing local 

products (Q5), freshness was the most 

frequently selected reason (30%), followed by 

the desire to support local producers (24%). 

Health-related benefits (23%) and authentic 

taste (23%) were also important factors. These 

findings reveal that both practical and 

emotional considerations shape consumer 

choices. 

At Q6, trust in product selection was 

evaluated using a 5-point Likert scale. A total 

of 67 respondents selected the highest level of 

trust, while 26 chose level 4.  

This means that over 83% of customers place 

high trust in the storeôs careful product 

curation, supporting the hypothesis that a well-

chosen assortment strengthens customer 

loyalty. 

Perceived assortment limitations and 

seasonal availability (Q7) 

The answers to Question 7 show that some 

respondents believe the product assortment at 

BŁcŁnia LA STAN is not always enough or 

consistent, especially outside the main seasons. 

The overall average score for all product-

related criteria was 1.34, which suggests a 

generally positive view, but also points out 

areas where the assortment could be improved.  

Out of all the criteria, product quality got the 

highest score (1.57), which shows that 

consumers truly value the focus on authenticity 

and high standards.  

On the other hand, the lower scores for 

sufficiency (1.21), variety (1.30), and stability 

(1.22) indicate that there is room to make the 

assortment more diverse and consistent 

throughout the year (Table 2). 

It should be noted that these lower scores are 

not unusual for specialty shops like "bŁcŁnii". 

Many traditional products, especially fresh 

fruits and vegetables, depend heavily on 

seasonality and are harder to keep in stock all 

year round [7]. 

Reducing these assortment gaps could help 

minimize the effects of seasonal fluctuations, 

better meet consumer expectations, and 

contribute to stronger customer loyalty over 

time. 
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Table 2. Evaluation of product selection by respondents 

Product 

selection 

criteria  

Strongly 

disagree 

(-2) 

Disagree 

(-1) 

Neutral 

(0) 

Agree 

(+1) 

Strongly 

agree 

(+2) 

Mean 

scores 

Sufficient 3 4 6 45 45 1.21 

Meets 

needs 
1 2 9 46 45 1.28 

Carefully 

chosen 
3 4 3 32 62 1.44 

Varied 2 3 10 35 53 1.30 

Stable 2 3 14 35 49 1.22 

High 

quality 
2 1 7 19 74 1.57 

Source: Authorôs own research (2025). 

 

Q8 explored customersô willingness to 

recommend BŁcŁnia LA STAN to others. An 

overwhelming 71% indicated they would 

definitely recommend it, and 27% said they 

probably would. These figures reflect a high 

level of satisfaction and brand advocacy 

among existing customers.  

On Q9, which measured satisfaction with 

product diversity , 53 respondents gave the 

maximum score and 38 selected level 4. This 

shows that the storeôs product range is 

perceived as sufficiently diverse and well-

suited to client expectations. 

Preference for product categories (Q10) 

According to the responses to Question Q10, 

cold cuts and cured meats stood out as the most 

preferred product category among participants.  

 

 
Fig. 1. Preferred product categories among ñBŁcŁnia LA 

STANò customers 

Source: Authorôs own research (2025). 

 

This preference likely reflects the wider variety 

of SKUs (Stock Keeping Units) available in 

this category, as well as its steady availability 

throughout the year (Fig. 1). 

Expanding a product category by introducing 

new recipes, innovative products, or targeted 

promotional strategies can help strengthen 

market positioning and foster repeat purchases 

[5], [8]. 

Price perception and market positioning 

(Q11) 

Most respondents mentioned that they saw the 

prices as medium to high, and they often 

compared them directly to supermarket prices. 

They rated this on a Likert scale, where 1 

meant "very cheap" and 5 meant "very 

expensive." (Fig. 2). However, this impression 

doesnôt fully reflect the reality of specialty 

grocery stores, or groger`s, where higher prices 

are normal because of the artisanal production 

methods and higher-quality ingredients. 

Right now, there is a risk that some customers 

might see ñBŁcŁnia LA STANôs prices as 

similar to those in supermarkets and not 

understand the added value of its products. 

Because of this, it would be a good idea for the 

store to consider raising its prices to better 

match those of other specialty shops. Doing so 

would help clearly position BŁcŁnia LA STAN 

within the premium segment it belongs to and 

show customers that the products truly are of 

higher quality. 

 

 
Fig. 2. Consumers perception of the prices practiced by 

BŁcŁnia LA STAN. 

Source: Authorôs own research (2025). 

 

Raising prices in this way could help 

strengthen the brandôs premium image and 

prevent possible financial problems that come 

from setting prices too low. It would also 

support fair competition in the market and 

make it clearer to customers why the products 

cost more. When prices truly reflect the 

specialty market, it builds trust and helps create 

a business model that is both transparent and 

sustainable [8]. 

In Q12, the importance of transparent 

packaging and clear labeling was assessed. 
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More than 80% of respondents considered this 

aspect to be very important, with 58 selecting 

the highest score and 26 choosing level 4. 

These results underline the role of packaging 

not just as a visual element, but as a key factor 

in building trust and facilitating purchase 

decisions. 

Q13 asked what information customers value 

most on a product label. The most common 

responses were ñproduct originò and 

ñingredientsò, both selected by 26% of 

respondents. Other important elements 

included expiration date (21%) and nutritional 

values (17%). Only 10% mentioned 

information about the producer. 

For Q14, we used a Likert scale to evaluate 

five brand attributes. The highest average 

score was obtained for ñHigh product qualityò 

(1.44), followed closely by ñAuthentic local 

originò (1.41).  

ñProduct varietyò (1.15) and ñValue for 

moneyò (1.17) received lower, though still 

positive, scores. The overall average across all 

five attributes was 1.28, indicating a generally 

favorable brand image in the eyes of the 

customers. 

Discrepancies in target consumer profile 

(Q15ïQ19) 

The socio-demographic analysis of Questions 

15 to 19 (Table 3) shows some clear 

differences between the current survey 

respondents and ñBŁcŁnia LA STANôs ideal 

target audience. Most of the participants were 

young adults aged 20ï29 (54%), many were 

students (40%), and about 30% reported 

monthly incomes below 3,000 RON. By 

comparison, only 14% were in the 40ï49 age 

group, and just 29% had incomes above 5,000 

RON per month. 

These results suggest that the current customer 

base does not fully match the typical profile of 

buyers interested in traditional, artisanal, or 

organic products, who are usually between 30 

and 55 years old and have higher, more stable 

incomes [6].  

Previous studies have shown that this group is 

more willing to pay premium prices for 

authentic and sustainably sourced products [5], 

[8]. Even though younger consumers are 

showing more interest in local and natural 

products, their lower incomes and student 

lifestyle often mean they buy these products 

less frequently and spend less money overall 

[6]. Because of this, BŁcŁnia LA STAN might 

consider adjusting its marketing and targeting 

strategies to better connect with core customers 

who really value quality and can afford to pay 

higher prices. 

In the future, promotional activities could 

focus more on explaining the true value of the 

products, highlighting their craftsmanship and 

health benefits, to attract older and higher-

income shoppers.  At the same time, the shop 

can keep younger customers interested by 

using educational content and interactive 

experiences, which help build a connection and 

keep them engaged [6], [7]. 

 
Table 3. Socio-demographic profile of respondents  

Variable Categories Frequency (n) 

Gender Male 

Female 

Prefer not to answer 

53 

48 

2 

Age Under 20 

20ï29 

30ï39 

40ï49 

7 

62 

5 

16 

Education High school 

Post-secondary 

University (BA/MA) 

43 

15 

45 

Occupation Student 

Employee 

Entrepreneur/Freelancer 

Unemployed 

Other  

46 

45 

7 

2 

5 

Income < 3,000 RON 

3,001ï5,000 RON 

5,001ï8,000 RON 

> 8,000 RON 

35 

38 

19 

11 

Source: Authorôs own research (2025). 

 

Improving segmentation and adapting 

marketing messages could help close this gap, 

making sure the brandôs identity is more in line 

with what consumers truly expect and value 

[6], [8]. 

 

CONCLUSIONS 

 

This study explored how BŁcŁnia LA STAN 

applies the marketing mix, focusing especially 

on product policy and its impact on how 

consumers see the brand. Overall, the survey 

results suggest that people have a good opinion 

about the quality and authenticity of the 

products, as shown by the higher scores in 

these areas. 
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Still, some issues came up around the 

assortment, especially its sufficiency, variety, 

and stability during off-seasons, suggesting 

that there is room for improvement to make the 

product range more diverse and reliable 

throughout the year. 

Regarding prices, most respondents felt they 

were medium to high compared to supermarket 

prices, but still lower than what one would 

normally expect from specialty stores like 

"bŁcŁnii". This shows an opportunity to 

gradually adjust prices to better reflect the true 

quality of the products and to support a 

premium brand image [5]. 

The demographic data also revealed a clear gap 

between the actual customer base and the ideal 

target group. Since many current customers are 

younger and have lower incomes, it would be 

useful for BŁcŁnia LA STAN to adapt its 

communication and marketing approach to 

better reach older, higher-income consumers 

who are more willing to pay for authentic, 

artisanal products [1]. 

Based on these findings, a few practical 

suggestions can be made. First, expanding and 

stabilizing the assortment could involve 

introducing new seasonal and non-seasonal 

items, as well as working with local producers 

who use greenhouses to provide a steady 

supply throughout the year. Preserved or dried 

options might also help keep the selection 

varied, even outside harvest periods. 

Another idea would be to bring prices closer to 

what is usually seen in other specialty markets. 

By doing this, the store can better highlight the 

value and craftsmanship behind its products, 

while also staying financially sustainable and 

making loyal customers feel they are getting 

truequality[8]. 

Additionally, improving segmentation and 

marketing messages could help the store better 

connect with higher-income, more mature 

customers. Focusing on stories about 

authenticity, health benefits, and artisanal 

techniques can make a strong impact. Finally, 

offering loyalty perks or special membership 

benefits might encourage customers to return 

and build a stronger, long-term relationship 

with the brand. 

By putting these ideas into practice, BŁcŁnia 

LA STAN can get closer to its brand goals, 

improve customer satisfaction, and support 

steady, sustainable growth in the future. 
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Abstract 

 

The purpose of our research was to determine the cost-effectiveness of using biological and chemical fungicides on 

winter barley in the fight against the pathogen of dark brown spot in the conditions of the Western Forest-Steppe of 

Ukraine. To determine the features of the defeat of winter barley plants by this disease during 2021ï2023, field studies 

were used, and to identify the pathogen of dark brown spot, laboratory studies were used. Experimental data were 

used to assess the reliability of the data obtained. We found that over the years of research, the most common fungal 

disease of winter barley was dark brown spot (pathogen ï Bipolaris sorokiniana Shoem). The highest technical 

efficiency against this disease on winter barley crops during the years of research was noted in the variant where 

aviator Xpro 225 EC, k.e. (0.8 l/ha) was used and was 83.5%, and among biological preparations ï when using 

bactofit (2.0 l/ha) + trichodermin SK (2.0 l/ha) and was 58.2%. The largest preserved yield of winter barley during 

the years of research was obtained in the variants where the chemical preparation aviator Xpro 225 EC, k.e. (0.8 

l/ha) and biological preparations bactofit (2.0 l/ha) + trichodermin SK (2.0 l/ha) were used, while the increase in 

yield was 1.1ï1.2 t/ha. The largest conditional net profit over the years of research was obtained in variant where 

crops were treated with biological preparations, in particular bactophyt (2.0 l/ha) + trichodermin SK (2.0 l/ha) and 

amounted to 9.9 thousand UAH with a profitability level of 50.8%. 
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INTRODUCTION  
 

Agricultural production can be increased 

through measures aimed at reducing winter 

grain crop losses from diseases, which reach 

25ï30% or even more [4, 7]. 

As domestic and foreign experience shows, the 

optimal solution to the problem of plant 

protection from diseases is possible only 

within the framework of an integrated 

approach. Ecologically oriented measures for 

protecting winter cereals from diseases are the 

introduction of disease-resistant varieties and 

the use of biological means of protection [9, 17, 

18]. 

The phytosanitary situation of various crops 

cultivated in the Western Forest-Steppe 

requires constant phytopathological 

monitoring [5, 6]. In the conditions of climate 

change, the importance of protection systems 

is increasing, which make it possible to prevent 

the development of diseases or contain them at 

an imperceptible level [2, 4, 12]. 

Winter barley grain is of important economic 

importance, the yield of which can reach more 

than 10 t/ha, in particular in the EU countries it 

is 7.0 t/ha, and in Ukraine it is half as low [1, 

9, 11]. 

Like all other cereal crops, winter barley can be 

affected by various diseases, the most common 

of which are leaf spots. Yield losses with an 

intensity of their damage from 50 to 70% are 

33-50%. Plant damage by these diseases leads 

to a decrease in the assimilation surface due to 

rapid yellowing and death of the affected leaf 

blades, a decrease in their productivity [1, 4]. 

Modern systems of chemical protection of 

agricultural crops from harmful organisms are 
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based on the repeated use of pesticides 

throughout the growing season, which 

potentially creates a certain pesticide load on 

the agrocenosis. Therefore, biological control 

agents can be widely used as alternative means 

of protection against pathogens. Biological 

preparations, by enhancing plant immunity, 

contribute to the realization of the potential 

capabilities inherent in plant varieties [3, 10, 

13, 14, 17, 20]. 

Increasing the productivity of winter barley 

varieties depends on pre-sowing seed treatment 

and the use of biological preparations for top 

dressing in different periods of vegetation. In 

recent years, the nutrition of most plants is 

based on the principles of resource 

conservation, including the use of the best 

precursors or low doses of the main application 

of mineral fertilizers, modern biological 

preparations and growth regulators [3, 8]. 

Stability of winter barley food grain production 

with high quality indicators and increased yield 

in modern conditions is possible only with the 

introduction of new high-yielding varieties 

with wide agroecological plasticity and 

increased adaptive properties to adverse and 

extreme environmental conditions, resistant to 

harmful organisms [7,11] and also taking 

corresponding  agricultural technological 

measures [19]. 

Studying the impact of biological products on 

pathogens of winter barley diseases and pests 

in order to limit their development and reduce 

the negative impact on the environment, which 

are used for seed inoculation and fertilizing at 

different periods of plant development, is 

becoming particularly relevant in the 

conditions of modern agricultural production. 

 

MATERIALS AND METHODS  

 

The research was conducted on winter barley 

crops of the plant protection laboratory on the 

Zbruch variety at the Institute of Agriculture of 

the Carpathian Region of the National 

Academy of Sciences of Ukraine. The area of 

the study was 100 m2 (25 m2 x 4 m), the 

experiment was repeated four times, the total 

number of variants was 8.The experiment was 

carried out on a forest silty loam soil with the 

following agrochemical characteristics: 

pHKCl - 5.62, hydrolytic acidity (according to 

Kappen) - 2.41 mg-eq/100 g of soil, 

exchangeable calcium - 7.92 mg-eq/100 g of 

soil, exchangeable magnesium - 0.76 mg-

eq/100 g of soil, humus - 2.10%; mobile 

phosphorus (according to Kirsanov) and 

exchangeable potassium (according to 

Maslova) - 145.9 and 169.1 mg/kg of soil, 

respectively. 

In the fields of the plant protection laboratory, 

an experiment was set up according to the 

following scheme: 1) control (absolute); 2) 

control (without seed treatment) + N30P60K60 

(autumn application) + (N20 + nutrimax, IV 

stage + nitroTOP, VIII stage); 3) vincit 050 CS 

(2.0 l/t) + N30P60K60 (autumn application) + 

(N20+ nutrimax, IV stage + nitroTOP, VIII 

stage) + aviator Xpro 225 EC, k.e. (0.8 l/ha); 4) 

bactofit (2.0 l/t) + N30P60K60 (autumn 

application) + (N20+ nutrimax, IV stage + 

nitroTOP, VIII stage) + bactofit (2.0 l/ha); 5) 

trichodermin SK (2.0 l/t) + N30P60K60 (autumn 

application) + (N20+ nutrimax, stage IV + 

nitroTOP, stage VIII) + trichodermin SK (2.0 

l/ha); 6) trichoderminï93 (2.0 l/t) + N30P60K60 

(autumn application) + (N20 + nutrimax, stage 

IV + nitroTOP, stage VIII + trichoderminï93 

(2.0 l/ha); 7) bactophyt (2.0 l/t) + trichodermin 

SK (2.0 l/t) + N30P60K60 (autumn application) 

+ (N20 + nutrimax, stage IV + nitroTOP, stage 

VIII) + bactophyt (2.0 l/ha) + trichodermin SK 

(2.0 l/ha); 8) bactophyt (2.0 l/t) + 

trichoderminï93 (2.0 l/t) + N30P60K60 (autumn 

application) + (N20+nutrimax, stage IV + 

nitroTOP, stage VIII) + bactophyt (2.0 l/ha) + 

trichoderminï93 (2.0 l/ha). Before sowing, 

winter barley seeds were treated with 

biological preparations (bactophyte (2.0 l/t), 

trichodermin SK (2.0 l/t), trichodermin-93 (2.0 

l/t) and a chemical fungicide (vincit 050 CS 

(2.0 l/t)) according to the experimental 

scheme.The occurrence, spread and 

development of     dark brown spot on winter 

barley were recorded according to generally 

accepted methods on the Zbruch variety [4]. 

Statistical processing of experimental data was 

carried out using Microsoft Excel programs 

[16]. A double spraying with the studied 

biological   preparations (bactophyte (2.0 l/ha), 

trichodermin SK (2.0 l/ha), trichodermin-93 

(2.0 l/ha) and chemical fungicide - aviator 
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Xpro 225 EC, k.e. (0.8 l/ha) was carried out in 

phases (I - 32 ɺɺʉʅ, 

II - 39 ɺɺʉʅ). The technical efficiency of 

biological and chemical preparations against 

dark brown spot of winter barley was 

determined according to the method [15 ]. 

The technical effectiveness of pesticides was 

calculated by the formula [15]: 

 

Te = 100 (Vk ï Vo), ..............................(1) 

Vk 

where: 

Vk ï indicator of disease development in the 

control, %;  

In ï indicator of disease development on the 

treated variant, %. 

To calculate the efficiency, the following were 

calculated: grain yield, t/ha according to the 

experimental variants, cost of sold products, 

thousand UAH/ha; production costs, thousand 

UAH/ha; conditional net income, thousand 

UAH/ha; cost of 1 ton of grain, thousand 

UAH/t; profitability level, %. 

When conducting research, the authors adhere 

to the standards established by the Convention 

on Biological Diversity (1992) and the 

Convention on International Trade in 

Endangered Species of Wild Fauna and Flora 

(1979). 

 

RESULTS AND DISCUSSIONS 

 

The meteorological conditions that developed 

during the growing season of winter barley 

during 2021ï2023 differed in temperature 

regime, amount and frequency of precipitation, 

which in turn was reflected in the manifestation 

and development of dark brown spot. The 

amount of precipitation exceeded the multi-

year average: in September, December, 

January - all years of research; in January - in 

2019; in February - in 2021; in March - in 

2023; in April - in 2022 and 2023; in June - in 

2021 and 2023; in May - in 2019 and 2020; in 

July - in 2023. The average monthly air 

temperature exceeded the multi-year average 

in SeptemberïJuly in all years of the study, 

except for April 2021ï2022 and September 

2022. 

The most common disease during the growing 

season of winter barley in the years of research 

was dark brown spot (pathogen ï Bipolaris 

sorokiniana Shoem). 

 

 
Fig. 1. The influence of biological and chemical 

preparations on the development of dark brown spot on 

winter barley, 2021ï2023 (in the milky ripeness phase) 

Source: Authors' own results. 

 
Note:  

experiment options ï 1) control (absolute); 2) control (without seed 

treatment) + N30P60K60 (autumn application) + (N20 + nutrimax, IV 

stage + nitroTOP, VIII stage); 3) vincit 050 CS (2.0 l/t) + N30P60K60 

(autumn application) + (N20+ nutrimax, IV stage + nitroTOP, VIII 

stage) + aviator Xpro 225 EC, k.e. (0.8 l/ha); 4) bactofit (2.0 l/t) + 

N30P60K60 (autumn application) + (N20+ nutrimax, IV stage + 

nitroTOP, VIII stage) + bactofit (2.0 l/ha); 5) trichodermin SK (2.0 l/t) 

+ N30P60K60 (autumn application) + (N20+ nutrimax, stage IV + 

nitroTOP, stage VIII) + trichodermin SK (2.0 l/ha); 6) trichoderminï

93 (2.0 l/t) + N30P60K60 (autumn application) + (N20 + nutrimax, stage 

IV + nitroTOP, stage VIII + trichoderminï93 (2.0 l/ha); 7) bactophyt 

(2.0 l/t) + trichodermin SK (2.0 l/t) + N30P60K60 (autumn application) 

+ (N20 + nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 

l/ha) + trichodermin SK (2.0 l/ha); 8) bactophyt (2.0 l/t) + 

trichoderminï93 (2.0 l/t) + N30P60K60 (autumn application) + 

(N20+nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 l/ha) 

+ trichoderminï93 (2.0 l/ha). 

 

It should be noted that the development of dark 

brown spot in the variety of Zbruch on average 

over the years of research in the earing phase 

in the control (absolute) was on average 6.2%; 

and in the control (without treatment with 

fungicides) ï 5.2%. The technical efficiency of 

the chemical fungicide aviator Xpro 225 EC, 

k.e. (0.8 l/ha) against this disease over the years 

of research was 88.7%, and of the biological 

preparations bactofit (2.0 l/ha) + trichodermin 

SK (2.0 l/ha) ï 61.3%. In the milky ripeness 

phase during the years of research, the 

development of dark brown spot on winter 

barley was as follows (Fig. 1): in the control 

(absolute) - an average of 15.8% in the control 

(without fungicide treatment) - 14.7%. The 

highest technical efficiency against dark brown 

spot was obtained when using the drug aviator 

Xpro 225 EC, k.e. (0.8 l/ha) and was - 83.5% 

(Table 1). 
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Table 1. Technical effectiveness of the use of biological and chemical preparations against dark brown spot on winter 

barley, 2021ï2023, (in the milky ripeness phase) 
No. Variant  

(product name, application rate, l/ha) 

Efficiency of action, % 

2021 2022 2023 Mean 

1 control (absolute) ï ï ï ï 

2 control (without seed treatment) + N30P60K60 (autumn application) + (N20 + nutrimax, 

IV stage + nitroTOP, VIII stage) 

ï ï ï ï 

3 vincit 050 CS (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, IV stage 

+ nitroTOP, VIII stage) + aviator Xpro 225 EC, k.e. (0.8 l/ha) 

80.0 87.4 86.7 83.5 

4 bactofit (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, IV stage + 

nitroTOP, VIII stage) + bactofit (2.0 l/ha) 

60.0 47.4 53.3 53.2 

5 trichodermin SK (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, stage 

IV + nitroTOP, stage VIII) + trichodermin SK (2.0 l/ha) 

64.0 54.5 56.7 58.2 

6 trichoderminï93 (2.0 l/t) + N30P60K60 (autumn application) + (N20 + nutrimax, stage 

IV + nitroTOP, stage VIII + trichoderminï93 (2.0 l/ha) 

64.7 48.6 54.7 56.0 

7 bactophyt (2.0 l/t) + trichodermin SK (2.0 l/t) + N30P60K60 (autumn application) + 

(N20 + nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 l/ha) + 

trichodermin SK (2.0 l/ha) 

66.7 51.4 58.7 58.2 

8 bactophyt (2.0 l/t) + trichoderminï93 (2.0 l/t) + N30P60K60 (autumn application) + 

(N20+nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 l/ha) + 

trichoderminï93 (2.0 l/ha) 

65.3 49.7 70.0 56.3 

Source: Authors' own results. 

 

Among the biological preparations used in the 

experimental variants, the highest technical 

efficiency was using bactofit (2.0 l/ha) + 

trichodermin SK (2.0 l/ha) and was - 58.2% 

(Table 2). 

 
Table 2. Economic efficiency of the use of chemical and biological preparations, variety of Zbruch, (2021ï2023) 
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1. Control (absolute) 3.0 21.0 16.5 5.5 4.5 27.3 

2. Control (without seed treatment) + N30P60K60 (autumn application) + (N20 + 

nutrimax, IV stage + nitroTOP, VIII stage) 

3.3 23.1 17.5 5.3 5.6 32.0 

3. Vincit 050 CS (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, IV 

stage + nitroTOP, VIII stage) + aviator Xpro 225 EC, k.e. (0.8 l/ha) 

4.1 28.7 20.0 4.9 8.7 43.5 

4.Bactofit (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, IV stage + 

nitroTOP, VIII stage) + bactofit (2.0 l/ha) 

3.6 25.2 19.0 5.3 6.2 32.6 

5. Trichodermin SK (2.0 l/t) + N30P60K60 (autumn application) + (N20+ nutrimax, 

stage IV + nitroTOP, stage VIII) + trichodermin SK (2.0 l/ha) 

4.0 28.0 19.0 4.7 9.0 47.4 

6. Trichoderminï93 (2.0 l/t) + N30P60K60 (autumn application) + (N20 + nutrimax, 

stage IV + nitroTOP, stage VIII + trichoderminï93 (2.0 l/ha) 

3.7 25.9 19.0 5.1 6.9 36.3 

7. Bactophyt (2.0 l/t) + trichodermin SK (2.0 l/t) + N30P60K60 (autumn application) 

+ (N20 + nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 l/ha) + 

trichodermin SK (2.0 l/ha) 

4.2 29.4 19.5 4.6 9.9 50.8 

8. Bactophyt (2.0 l/t) + trichoderminï93 (2.0 l/t) + N30P60K60 (autumn application) 

+ (N20+nutrimax, stage IV + nitroTOP, stage VIII) + bactophyt (2.0 l/ha) + 

trichoderminï93 (2.0 l/ha) 

4.0 28.0 19.5 4.9 8.5 43.6 

Source: Authors' own results. 

 

The largest preserved yield of winter barley in 

the variety of Zbruch over the years of research 

was obtained on variants where the chemical 

fungicide aviator Xpro 225 EC, k.e. (0.8 l/ha) 

and biological preparations bactofit (2.0 l/ha) + 

trichodermin SK (2.0 l/ha) were used, while the 

increase in yield was 1.0-1.1 t/ha (Table 2). 

Thus, the use of chemical and biological 

preparations against the main diseases of 

winter barley, provided that the appropriate 

technology is followed, will allow to avoid 

significant grain losses from diseases and 

preserve the harvest. 
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Economic efficiency makes it possible to take 

into account real costs and profits and, on this 

basis, develop the most economically 

advantageous technologies for growing 

agricultural crops. 

Experimental studies have shown that the 

development of diseases was reduced when 

using chemical and biological means of 

protection. 

It should be noted that biological preparations 

have a positive effect on the phytosanitary 

condition of crops, as well as their anti-stress 

and stimulating effect on cultivated plants. 

Thus, with a low and medium level of disease 

damage, it is advisable to use biological 

preparations, with a strong one - it is necessary 

to use fungicides. 

The calculations of economic indicators on the 

Zbruch variety (Table 2) showed that the 

highest economic efficiency - conditional net 

income, the level of profitability was obtained 

on the variant with the application of bactofit 

(2.0 l / ha) + trichodermin SK (2.0 l / ha). 

Conditional net income was 9.9 thousand 

UAH, with a profitability level of 50.8%. 

The level of profitability of production of 

winter barley seeds of the Zbruch variety in this 

variant is 23.5% higher compared to the 

absolute control. 

 
CONCLUSIONS 

 

In the conditions of the Western Forest-Steppe, 

to protect winter barley of the Zbruch variety 

against dark brown spot, it is better to use the 

fungicide aviator Xpro (0.8 l/ha) and biological 

preparations bactofit (2.0 l/ha) + trichodermin 

SK (2.0 l/ha). The technical efficiency of 

biological preparations on average over the 

years of research against this disease in the 

milky ripeness phase was within 53.2-58.2%, 

and of the chemical preparation - 83.5%.  

The largest conditional net profit over the years 

of research was obtained on the variant, where 

the crops were treated with biological 

preparations, and in particular bactofit (2.0 

l/ha) + trichodermin SK (2.0 l/ha) and 

amounted to 9.9 thousand UAH. with a 

profitability level of 50.8%. 
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Abstract 

 

Blackberry (Rubus fruticosus L.) cultivation offers a sustainable solution to declining agricultural land availability 

and increasing demand for nutritious fruits in Romania. This study evaluates the economic performance of an 8-year-

old óThornfreeô blackberry plantation established in 2015 at BŁrzani Farm, Arad County. Key agronomic practices 

included manual fertilization, drip irrigation, intra-row mowing, and annual soil monitoring. Results revealed 

progressive improvements in soil nutrient contentðespecially phosphorusðand organic matter, along with favorable 

pH and salinity conditions. Yields increased annually, reaching 10,600 kg in 2022, or 3.2 kg/plant. These outcomes 

support the cropôs potential for small-scale farming, rural income generation, and reduced reliance on wild-harvested 

non-wood forest products (NWFPs). Blackberry cultivation can enhance sustainable land use and contribute to the 

diversification of Romaniaôs fruit sector, particularly in marginal areas. Future efforts should focus on pest 

management, propagation techniques, and improving market access for rural producers. 

 

Key  words: blackberry, non-wood forest products, Rubus fruticosus, economic efficiency 

 

INTRODUCTION  

 

Agricultural land availability has been 

decreasing globally. In Romania, crop land 

(arable land and permanent crops) declined 

from 0.24 ha per capita in 2000 to 0.20 ha per 

capita in 2021 [27]. Simultaneously, 

population growth and rising consumption 

levels are placing increasing pressure on 

natural resources and food systems worldwide. 

Within this context, the cultivation of fruit-

bearing shrubs, especially native and adaptable 

species such as Rubus spp., offers a promising 

solution to promote sustainable land use. 

Beyond contributing to biodiversity 

conservation and ecosystem resilience, these 

species offer the potential for high-value crop 

production, thereby supporting food security 

initiatives and providing economic 

opportunities for smallholder and farming 

communities. 

In Romania, according to data from the 2017ï

2019 timeframe, a strong preference for 

domestic fruits was identified, particularly 

grapes, apples, and other orchard fruits, which 

account for approximately 86% of total fruit 

consumption [26]. This trend indicates an 

increasing opportunity to diversify consumer 

preferences by incorporating a wider range of 

forest fruits, such as blackberries (Rubus 

fruticosus L.), especially considering their 

health benefits and consumer appeal in urban 

areas [6], [7]. Particularly, blackberries, which 

are among the most important non-wood forest 

products (NWFPs) in several regions across 

Romania, play a vital role in rural 

development, contributing to local economies, 

biodiversity conservation, and food security 

[10], [16]. This is the case, for example, in 

Horezu, V©lcea County [18] and MaramureἨ 

County, where the average annual harvests of 

forest fruits reached 154 tons during 2005ï

2013 [17]. 

The genus Rubus, within the Rosaceae family, 

is one of the largest plant genera globally, 

comprising approximately 700ï750 species 

mailto:rbudau@uoradea.ro
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[14], [15], [22]. Notable species cultivated or 

found in Romania include blackberry (Rubus 

fruticosus L.), raspberry (R. idaeus L.), 

European dewberry (R. caesius L.) and R. 

candicans Weihe. These species are valued for: 

nutritional content, such as vitamins, 

polyphenols, flavonoids, etc. [8], [20], [24], 

[30], medicinal properties (antioxidant, anti-

inflammatory, antimicrobial, anti-diabetic) [2], 

[23], [32], [34], cosmetic and nutraceutical 

applications [31], [36], and honey potential [3], 

[4], [5], [29].Cultivars such as óThornfreeô 

offer commercial viability, producing large, 

juicy, conical-shaped berries suitable for fresh 

consumption and processing [13]. However, 

cultivation faces several challenges: high post-

harvest perishability (1ï2 days shelf life) [35], 

decrease in vitamin C content during storage 

[25] and susceptibility to pests, notably the 

invasive spotted wing drosophila (Drosophila 

suzukii Matsumura), which affects fruit quality 

and yield [21]. 

Nutrient management is crucial, particularly in 

subtropical climates. Optimal nitrogen 

application rates range from 25ï45 kg/ha in the 

first year and 45ï70 kg/ha in subsequent years, 

with adjustments based on cultivar and soil 

conditions [33]. 

Representatives of Rubus genus can be 

propagated through both generative and 

vegetative ways. For example, in vitro 

cultivation of Rubus began in the 1970s, and 

current research shows that medium 

composition significantly influences shoot 

multiplication and growth [1], [12]. This 

method is important for large-scale 

propagation of high-value cultivars and 

conservation of genetic diversity. 

The aim of this research was to highlight the 

yield and economic efficiency of an 8-year-old 

blackberry culture from BŁrzani Farm, Arad 

County. 

 

MATERIALS AND METHODS  

 

In spring 2015, the young plants of blackberry 

(Rubus fruticosus L.) óThornfreeô cultivar were 

planted in the 0.65 ha plot located in BŁrzani 

Farm (Map 1; 46°29'14.5"N 22°08'22.9"E). 

The plantation was established using a 3 × 1 m 

spacing configuration, corresponding to 3 

meters between adjacent rows and 1 meter 

between individual plants within a row. 

Therefore, a total of 2,166 saplings were 

planted (Photo 1). 

 

 
Map 1. The plot planted with blackberry 

Source: Google Maps, Accessed 18th of July 2025 [37]. 

 

Prior to planting, soil preparation included 

deep plowing to a depth of 0.4 meters, 

followed by the application of 14.3 tons of 

organic manure. 

 

 
Photo 1. Planting scheme 

Source: Original. 
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The plantation underwent two distinct 

maintenance phases: 

Phase I (2015-2016): Inter-row spaces were 

managed through periodic mechanical tillage 

conducted under a black fallow regime. 

However, the combination of a steep slope and 

intense summer rainfall resulted in significant 

surface runoffs and soil erosion. Additionally, 

this approach impeded accessibility for manual 

operations such as harvesting and 

maintenance. 

Phase II (2017-2022): The maintenance 

strategy was revised to involve mowing the 

inter-row vegetation using mulching 

equipment, which shredded plant biomass and 

redistributed it as surface mulch, thereby 

improving soil protection and accessibility. 

In both phases, intra-row weed control was 

achieved through regular mowing using brush 

cutters, as no agrotextile mulching was 

employed (Photo 2). 

 

 
Photo 2. Intra-row weed control 

Source: Original. 

 

Starting from 2018, a series of manual fertilizer 

applications were performed annually until 

2022, using both granular and powdered 

formulations. 

The schedule and details of each application 

are as follows: 

-7th of April 2018 ï a complex NPK fertilizer 

(16-16-16) was applied at a rate of 80 kg ha ĭ 

(granular form). 

-5th of May 2018 ï Nitrocalcar fertilizer 

containing 27% total N, 7% CaO, and 5% MgO 

was applied at a rate of 100 kg ha ĭ (granular 

form). 

-7th of March 2019 ï Doloflor fertilizer [33% 

CaMg (CO3)2] was applied at a rate of 3,000 kg 

ha ĭ (powdered form). 

-16th of March 2019 ï a second application of 

complex NPK fertilizer (16-16-16) was carried 

out at a rate of 100 kg ha ĭ (powdered form). 

-24th of March 2020 ï Diammonium phosphate 

(DAP) fertilizer (18% N, 46% P2O5) was 

applied at a rate of 150 kg ha¹ (powdered 

form). 

-26th of April 2021 ï Nitrocalcar fertilizer 

(27% total N, 7% CaO, 5% MgO) was applied 

again at a rate of 150 kg ha ĭ (granular form). 

-8th of April 2022 ï Ammonium sulphate 

[(NH4)2SO4], containing 21% N and 24% SO4, 

was applied at a rate of 70 kg ha ĭ (granular 

form). 

All fertilizers were applied manually and 

uniformly distributed across the plantation 

area. 

The same quantities were also applied for the 

timeframe 2018-2020 in the nearby culture 

with saskatoon berry (Amelanchier alnifolia 

Nutt.) [9]. 

The culture was irrigated. The irrigation 

system employed throughout the study was 

drip irrigation. The applied irrigation norms 

generally ranged around 35,000 liters per 

hectare per month, primarily during the critical 

growing period from June to August, in 2018, 

2021 and 2022, respectively. One recorded 

exception involved a slightly reduced irrigation 

volume of 30,000 liters per hectare per month 

applied during July and August, in 2020. These 

irrigation rates were maintained consistently to 

ensure adequate soil moisture and optimal 

plant growth during the summer months. No 

irrigation was applied in 2019. 

Moreover, during the 2018ï2022 period, 

annual soil analyses were conducted at the 

Alchimex Laboratory. The assessments 
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included parameters related to primary and 

secondary macronutrients, soil pH (reaction), 

micronutrient concentrations, salinity levels, 

and organic matter content. 

Soil samples were collected on 20th of April 

2018, 24th of April 2019, 6th of March 2020, 

23rd of April 2021, and 5th of April 2022, 

respectively. 

 

RESULTS AND DISCUSSIONS 

 

Fertilization for improving soil quality  

The application of fertilizers resulted in an 

increasing trend in nitrogen availability, as 

indicated by the rising N index (Figure 1). 

 

 
Fig. 1. N index evolution in the timeframe 2018-2022 

Source: Original. 

 

The N index is the synthetic indicator 

representing the soilôs capacity to supply 

nitrogen to the crop throughout the growing 

season via mineralization processes. Based on 

the observed values, the soil exhibited a low 

nitrogen availability in 2018 and 2020, 

whereas in 2019, 2021 and 2022, nitrogen 

availability improved to a moderate level.  

Regarding the primary macroelements 

assessed in the soil, their concentrations 

generally increased over the study period, 

except for 2020 (Figure 2). The most 

pronounced increase was observed for 

phosphorus [P], which rose markedly from 

36.1 mg/kg in 2018 to 223.3 mg/kg in 2022. 

A pronounced variable trend was observed in 

the case of Potassium [K], while Magnesium 

[Mg] and Sulfur [S] followed the same pattern 

as Nitrogen [N]. Particularly, Magnesium had 

the highest concentrations in most years, 

peaking in 2022 at over 200 mg/kg, indicating 

that it is the most abundant macroelement in 

the soil throughout the period. 

 

 
Fig. 2. Macroelements content [mg/kg of soil] 

Source: Original. 

 

The soil reaction (i.e. pH) recorded the lowest 

value (5.32) in 2019 and the highest one (7.38) 

in 2022. Thus, the soil reaction varied from 

moderately acid to slightly alkaline (Figure 3). 

 

 
Fig. 3. pH values across the considered timeframe 

Source: Original. 

 

It is well known that the soil pH plays a 

fundamental role in regulating the overall 

nutrient dynamics within the soil, making its 

assessment and optimization a priority in 

agrochemical management. A markedly low 

pH typically reflects deficiencies in essential 

cations such as Calcium (Ca), Magnesium 

(Mg), and particularly Phosphorus (P). 

Moreover, strongly acidic conditions may be 

associated with an increased risk of toxicity 

from elements such as Aluminum, Manganese, 

and Iron. 

As regards the content of the microelements, 

the soil had a good Iron [Fe] supply, ranging 

from 55 mg/kg of soil (in 2020) to 281.2 mg/kg 

of soil (in 2018). 

A similar situation was recorded in the case of 

Magnesium [Mg] content, except for year 
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2020, when the supply was medium (25 mg/kg 

of soil) (Figure 4). 

 

 
Fig. 4. Microelements content [mg/kg of soil] 

Source: Original. 

 

For the other two analyzed micronutrientsð

Copper (Cu) and Zinc (Zn)ðlower 

concentrations were recorded. Copper levels 

ranged from 0.9 mg/kg in 2019 to 2.6 mg/kg in 

2018, while Zinc levels varied between 1.21 

mg/kg in 2020 and 4 mg/kg in 2018. 

An increasing trend was observed in the 

organic matter content, reflected by the 

progressive rise in both organic carbon and 

total humus levels over the study period 

(Figure 5), which positively impacts soil 

structure, fertility, and water retention. 

The increasing trend in organic matter content 

is a positive indicator of soil health and 

sustainability, supporting better nutrient 

cycling and soil microbial activity, which can 

enhance crop productivity. 

 

 
Fig. 5. Organic Carbon and total humus content 

Source: Original. 

 

Economic efficiency of the cultivation of 

óthornfreeô blackberry variety 

Throughout the study period (2018ï2022), 

berry harvesting took place annually in July-

August. 

The total harvested yields increased 

progressively over the years, as follows: 

6,900kg (2018), 8,800 kg (2019), 9,900 kg 

(2020),9,800 kg (2021), and 10,600 kg (2022). 

This mean that in 2022, blackberry yield was 

by 53.62% higher than in 2018. 

This yield progression corresponds to an 

average production of 2.07 kg per plant in 2018 

(forth growing season) and 3.2 kg per plant in 

2022 (eighth growing season) (Table 1; Photo 

3). 
 

Table 1. Economic efficiency of the cultivation of the "Thorn-free blackberry variety" 

 2018 2019 2020 2021 2022 2022/2018 

% 

Total Blackberry yield (kg) 6,900 8,800 9,900 9,800 10,600 153.62 

Blackberry yield (kg/plant) 2.07 2.64 2.97 2.0 3.18 153.62 

Production cost  ( Lei/ha) 16,500 18,000 18,500 17,000 17,500 106.00 

Total production cost (Lei) 10,725 11,700 12,025 11,050 11,375 124.70 

Average production cost per kg 

blackberry (Lei/kg) 
1.55 1.32 1.21 1.12 1.07 69.03 

Average price at the farm gate 

(Lei/kg) 
12 12.5 12.5 15 15 125.00 

Marketed production of 

blackberry 

(kg/year) 

4,400 6,600 3,800 6,300 7,200 163.63 

Total Income from sales (Lei) 52,800 82,500 47,500 94,500 108,000 204.54 

Profit per kg blackberry (Lei/kg) 9.56 10.72 9.33 13.24 13.42 140.37 

Total profit (Lei/year) 42,065 70,800 35,475* 83,450 96,625 229,70 

Source: Own results and calculations. 

*The total profit at the end of the year 2020 is associated with the COVID-19 pandemic. 

Note: Exchange rate 1 Euro= 5.0753 Lei on 22 September 2025, National Bank of Romania [38]. 
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Photo 3. Blackberry specimens in the eighth year of 

cultivation 

Source: Original. 

 

Between 2018 and 2022, total profit from the 

cultivation of the "Thorn-free" blackberry 

variety increased markedlyðfrom 42,065 Lei 

in 2018 to 96,625 Lei in 2022, reflecting a 

129.7% rise. Although profitability declined in 

2020 to 35,475 Lei due to the impact of the 

COVID-19 pandemic, it rebounded sharply in 

the following years, reaching record levels in 

2021 and 2022. 

The substantial rise in income and profit 

between 2018 and 2022 can be attributed 

primarily to the increase in marketed 

production and the higher farm gate price per 

kilogram of blackberries. Marketed production 

grew by 63.63%, from 4,400 kg in 2018 to 

7,200 kg in 2022, while the average selling 

price rose from 12 Lei/kg to 15 Lei/kg over the 

same period. Combined, these factors 

contributed to a more than 200% increase in 

total income, which rose from 52,800 Lei to 

108,000 Lei. 

Between 2018 and 2022, the average 

production cost per kilogram of blackberries 

decreased significantly, from 1.55 Lei to 1.07 

Lei, representing a 30.97% reduction. This 

notable decline indicates enhanced cost 

management practices and/or improved 

production efficiency, likely resulting from 

increased yields relative to input costs over the 

analyzed period. 

The yield per plant demonstrated a significant 

overall improvement, increasing from 2.07 kg 

in 2018 to 3.18 kg in 2022, which represents a 

53.62% rise. Although there was a temporary 

decline in 2021, when yield dropped to 2.0 kg 

per plant, this was followed by a strong 

recovery in 2022, indicating the resilience and 

productive potential of the crop under 

improved cultivation conditions. 

The findings of this study support the broader 

potential of blackberry (Rubus fruticosus L.) 

cultivation, particularly for small-scale 

agricultural landowners in Romania. Given 

that Romania accounted for 31.8% of all 

agricultural holdings in the EU-27 in 2020ð

totaling 2,887,078 out of 9,067,300 farms [28], 

this crop may serve as a viable diversification 

strategy for fragmented and low-input farms. 

Moreover, the recent decline in the quantities 

of non-wood forest products (NWFPs) 

harvested from natural forests [11] further 

underscores the relevance of cultivating 

blackberries as a sustainable alternative to wild 

harvesting, offering both ecological and 

economic benefits. A notable example of 

successful cultivation was recently 

documented at HortiNova Nursery, 

demonstrating effective propagation 

techniques and promising yield performance 

under controlled conditions [19]. 

 

CONCLUSIONS 

 

Based on the results obtained, it can be 

concluded that blackberry is a promising crop 

to produce high-quality and substantial berry 

yields, valued for their notable nutritional 

properties. 

Blackberry holds considerable potential in 

multiple domains relevant to Romanian 

agriculture and rural development. 

Specifically, it can: contribute to the 

diversification of fruit production at the 

national level, support income generation in 

rural areas through the collection and 

commercialization of non-timber forest 
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products (NTFPs) and offer sustainable land-

use alternatives, particularly in marginal or 

forest-adjacent areas. 

To fully harness this potential, future research 

and targeted investment should prioritize: 

optimization of cultivation techniques and 

integrated pest management strategies, 

development of robust value chains for both 

fresh and processed berries products and 

facilitation of market access for local 

communities involved in the harvesting and 

cultivation of wild and domesticated berries. 
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Abstract 

 

This study analyzes the evolution of the environment in Romania during the period 2020ï2024 through an integrated 

approach that correlates the dynamics of urban green spaces with the overall condition of vegetation, assessed by the 

intensity of tree damage based on crown defoliation. The analysis relies on official statistical data provided by the 

National Institute of Statistics, using the indicators ñGreen space area by countyò and ñIntensity of tree damage 

according to crown defoliation rateò, reported annually at the national level. The results highlight a heterogeneous 

evolution of urban green spaces, characterized by significant increases in counties with pronounced metropolitan 

dynamics and by stability or lower values in other regions, reflecting persistent territorial disparities. In parallel, the 

analysis of defoliation rates indicates that the majority of trees consistently fall within the healthy or slightly damaged 

category, suggesting a relatively favourable overall condition of vegetation, while also revealing the presence of a 

constant segment affected by ecological stress. The integration of the two indicators shows that the expansion of urban 

green spaces does not automatically lead to a reduction in ecological pressures, but rather represents only one 

component of a complex system influenced by climatic, administrative, and anthropogenic factors. The S.W.O.T. 

analysis and the conceptual synthesis presented in the form of an ñecological balance treeò confirm that, although 

cities are expanding and vegetation demonstrates a certain degree of resilience, ecological pressures remain active. 

The study thus provides a coherent perspective on the state of the environment in Romania and emphasizes the 

importance of continuous monitoring and integrated approaches in territorial analysis. 

 

Key  words: urban green spaces, environment, crown defoliation, ecological pressures, territorial analysis,    

                    Romania 

 

INTRODUCTION  
 

In recent decades, pressures exerted on the 

environment have increased significantly, 

driven by accelerated urbanization, the 

intensification of economic activities, and the 

increasingly frequent manifestations of climate 

change. The specialized literature emphasizes 

that these processes simultaneously affect 

territorial structure, environmental quality, and 

ecosystem functioning, generating imbalances 

that require integrated assessments based on 

relevant quantitative indicators [1]. Particular 

attention has been given to the relationship 

between the development of built-up areas and 

the environmentôs capacity to absorb and 

mitigate anthropogenic pressures. Recent 

studies show that green spaces play an essential 

role in regulating microclimates, reducing 

thermal stress, improving air quality, and 

maintaining biodiversity, especially in urban 

areas subject to demographic and functional 

pressures [4]. At the same time, these works 

highlight the existence of pronounced 

territorial disparities, determined by levels of 

investment, public policies, and local 

administrative capacity [2]. 

In parallel, the literature indicates that the 

overall condition of vegetation represents a 

sensitive indicator of environmental quality 

and of the impact of climatic and 

anthropogenic factors. Assessments based on 

tree crown defoliation are widely used to 

capture the dynamics of ecological stress and 

are relevant for identifying medium- and long-

term trends [3]. These analyses show that even 

in contexts where the environment appears to 

maintain its functionality, vulnerable segments 

persist, exposed to progressive degradation  

[7]. At both European and national levels, 
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research underlines the necessity of correlating 

environmental indicators derived from official 

statistical sources with detailed territorial 

analyses, in order to avoid fragmented 

interpretations. Recent approaches insist that 

the separate evaluation of environmental 

components (urban areas, vegetation, land use) 

limits the capacity to fully understand the 

complex processes shaping contemporary 

geographical space [10]. 

In the case of Romania, the literature highlights 

the presence of persistent ecological pressures 

generated both by climate change and by 

historical territorial imbalances. Studies 

indicate that while certain regions benefit from 

significant natural resources and a high 

adaptive capacity, others face structural 

vulnerabilities that may amplify the effects of 

environmental degradation [7, 8]. These 

findings support the need for analyses based on 

official statistical data capable of capturing 

recent developments and providing a solid 

foundation for coherent interpretations. 

Based on these premises, the present study 

aims to analyze the evolution of the 

environment in Romania during the period 

2020ï2024 by correlating two relevant 

indicators: green space area at the county level 

and the intensity of tree damage according to 

crown defoliation rate. By integrating these 

indicators, the research seeks to highlight how 

urban expansion and the overall condition of 

vegetation reflect the environmentôs capacity 

to withstand contemporary ecological 

pressures, while also providing a synthetic 

perspective on existing territorial imbalances. 

The objective of this article is to examine the 

evolution of the environment in Romania 

between 2020 and 2024 by correlating the 

dynamics of urban green spaces at the county 

level with the overall condition of vegetation, 

assessed through the intensity of tree damage 

based on crown defoliation, in order to identify 

territorial disparities and persistent ecological 

pressures. 

 

MATERIALS AND METHODS  

 

The analysis carried out in this study relies on 

official statistical data, standardized data-

processing tools, and the integration of 

information from the scientific literature and 

relevant institutional sources. The 

methodological framework is designed to 

ensure temporal and spatial comparability of 

the results, as well as transparency in all stages 

of the analytical process. 

Data sources 

The statistical data used in this study were 

extracted from the Tempo Online database of 

the National Institute of Statistics (INS), 

selecting two relevant environmental 

indicators for the period 2020ï2024: 

-TOE1271 ï Target 8 ï Environment ï 

Green space area by county, expressed in 

hectares and reported annually at the county 

level and for the Municipality of Bucharest; 

-TMI1163 ï Target 6 ï Environment ï 

Intensity of tree damage according to crown 

defoliation rate, expressed in percentages and 

structured by defoliation classes and vegetation 

types. 

The green space indicator includes exclusively 

landscaped areas located within the built-up 

area of localities (parks, public gardens, public 

squares, tree and flower plots, urban forests, 

cemeteries, and sports facilities), in accordance 

with the INS methodology. Agricultural land, 

greenhouses, nurseries, and water surfaces are 

excluded. For the Municipality of Bucharest, 

the data are derived from the ñGreen 

Register,ò developed under Law no. 24/2007 

[9, 10]. The crown defoliation indicator is used 

as a measure of the overall condition of tree 

vegetation and is collected annually within the 

European monitoring network coordinated by 

ICP-Forests under the auspices of CLRTAP. It 

reflects the dynamics of tree health status and 

does not have an exhaustive national coverage, 

being primarily oriented toward the analysis of 

temporal trends [8]. 

Data processing and analysis 

Data processing was carried out using 

descriptive and comparative methods, focusing 

on: 

-the analysis of the territorial distribution of 

urban green space area at the county level; 

-the identification of annual variations and 

significant statistical and administrative 

changes; 
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-the assessment of the evolution of the share of 

trees classified within the Ò25% and >25% 

defoliation groups, as an indicator of 

ecological pressures. No direct causal 

relationships were assumed between the two 

indicators. The analysis has an exploratory and 

integrative character, aimed at identifying 

patterns and territorial disparities. 

Cartographic and graphical representation 

The spatial representation of green space area 

data was carried out through annual thematic 

maps using Microsoft Office 365 ï Excel. The 

data were organized into structured tables, and 

value classification was designed to highlight 

territorial contrasts and the annual dynamics of 

the indicator. The S.W.O.T. analysis was 

synthesized into an original conceptual 

representation in the form of an ñecological 

balance tree,ò created using Microsoft Office 

365 ï PowerPoint, employing graphic 

elements from the Icons section. This visual 

approach was chosen to facilitate the integrated 

interpretation of strengths, weaknesses, 

opportunities, and threats identified based on 

the statistical results. 

Literature and institutional references 

To contextualize the results and substantiate 

the interpretations, scientific articles from 

specialized journals, European reports, and 

relevant institutional documents addressing 

topics such as urban development, green 

infrastructure, climatic pressures, and 

environmental conditions were consulted. 

These sources were used exclusively to support 

the analytical framework and interpret the 

findings, without substituting the official 

statistical data employed in the analysis. 

By combining INS data with accessible 

cartographic tools and an integrated analytical 

approach, the applied methodology enables a 

coherent evaluation of environmental 

evolution in Romania during the period 2020ï

2024, providing a solid basis for the 

interpretations presented in the following 

sections. 

 

RESULTS AND DISCUSSIONS 

 

The Results and Discussions section analyzes 

the state of the environment in Romania 

through two complementary statistical 

indicators that capture both the urban 

dimension and the tree-based component of 

natural capital. The analysis is based on official 

statistical data provided by the National 

Institute of Statistics and on information 

derived from the European forest health 

monitoring network ICP-Forests, covering the 

period 2020ï2024. Beyond their climatic role, 

the literature highlights the contribution of 

urban green spaces to reducing acoustic 

discomfort, as they act as natural barriers 

between road infrastructure and built-up areas 

[13]. 

The first indicator analyzed is the area of green 

spaces developed within the built-up areas of 

localities, expressed in hectares and reported at 

the county level and for the Municipality of 

Bucharest. According to the statistical 

definition, this indicator includes parks, public 

gardens, public squares, tree and flower plots, 

urban forests, cemeteries, and areas associated 

with sports facilities located within the 

buildable perimeter of localities. Agricultural 

land, greenhouses, nurseries, vegetable 

gardens, and water bodies are excluded. Urban 

green spaces play a crucial role in mitigating 

the urban heat island effect, improving the 

urban microclimate, reducing noise pollution, 

and maintaining biodiversity, while also 

serving as important elements of ecological 

connectivity between intra-urban and extra-

urban areas. 

The second indicator examined concerns the 

intensity of tree damage according to crown 

defoliation rate, expressed as a percentage and 

used as a measure of forest health. Defoliation 

represents the loss of leaves or needles from 

the crown of a tree compared to a reference tree 

with a complete foliar apparatus and is 

assessed annually through visual observation, 

in accordance with the methodology adopted at 

the European level. The data are collected 

within a systematic transnational network 

coordinated under the auspices of the 

Convention on Long-range Transboundary Air 

Pollution (CLRTAP) and ICP-Forests, with the 

primary objective of capturing the dynamics of 

forest health over time rather than providing 

exhaustive national coverage. 
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The combined analysis of the two indicators 

makes it possible to identify territorial and 

temporal patterns relevant to the assessment of 

ecological pressures on both the built and 

natural environment. The comments presented 

in this section focus on identifying regional 

disparities, extreme values, and general trends, 

without assuming direct causal relationships 

between urban green spaces and forest health 

status, but rather offering an integrated 

analytical framework for interpreting recent 

environmental developments in Romania. 
 

 
Fig. 1. Green space area by county in Romania, 2020 (unit of measurement: hectares) 

Source: NIS, http://statistici.insse.ro [8]. 

 

In 2020, the distribution of landscaped green 

spaces at the county level reveals significant 

contrasts among Romaniaôs regions. The 

highest value is recorded in the Municipality of 

Bucharest, with a total area of 4,506 hectares, 

a situation explained by the capitalôs special 

administrative status and the use of data from 

the ñGreen Register,ò developed in 

accordance with the provisions of Law no. 

24/2007 on the regulation and administration 

of green spaces within built-up areas [9]. 

At the county level, MaramureἨ clearly stands 

out with 2,364 hectares of green spaces, 

followed by Dolj (1,253 ha), Ilfov (1,178 ha), 

MureἨ (1,123 ha), Cluj (1,109 ha), and GalaἪi 

(1,087 ha). The functions of urban green spaces 

are not limited to their aesthetic dimension; 

they also contribute to microclimate 

regulation, water retention, and the reduction 

of the environmental impact of built structures 

[12]. 

The high values recorded in these counties may 

be associated with the presence of medium- 

and large-sized urban centers, as well as with 

the inclusion in this category of extensive 

urban parks, green areas associated with sports 

facilities, and other public amenities, in 

accordance with the statistical definition used 

by the National Institute of Statistics [8]. 

Ilfov County presents a particular situation, 

with a relatively high green space area (1,178 

ha) despite its predominantly peri-urban 

character. This value may be linked to the 

expansion of new residential areas in the 

vicinity of the Municipality of Bucharest and 

to the inclusion of green spaces associated with 

recently developed urban complexes, a 

phenomenon characteristic of metropolitan 

development processes surrounding major 

cities. 

An intermediate level of green space area is 

observed in counties such as BacŁu (928 ha), 

Hunedoara (950 ha), IaἨi (913 ha), TimiἨ (882 
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ha), and Prahova (849 ha). These values 

suggest relatively balanced urban 

development, in which the development of 

green spaces evolved alongside the expansion 

of the built environment, without generating 

extreme variations at the county level [11]. 

At the opposite end of the spectrum, counties 

such as Giurgiu (70 ha), Gorj (153 ha), 

Vrancea (172 ha), Tulcea (208 ha), SŁlaj (221 

ha), Covasna (248 ha), and BuzŁu (257 ha) 

record the lowest landscaped green space 

areas. These lower values may be associated 

with a reduced degree of urbanization, a 

limited number of urban settlements, or urban 

structures in which landscaped green spaces do 

not represent a major priority in local 

development policies. Moreover, in counties 

characterized by extensive natural areas 

outside built-up zones, the pressure to develop 

urban green spaces is generally lower [5]. 

The uneven distribution of green spaces in 

2020 highlights the decisive role of local 

administrative decisions and institutional 

capacity in shaping this indicator. The 

identified territorial disparities constitute an 

important reference point for analyzing 

developments in subsequent years and for 

assessing the effectiveness of public policies 

aimed at improving urban environmental 

quality [6]. 
 

 
Fig. 2. Green space area by county in Romania, 2021 (unit of measurement: hectares) 

Source: NIS, http://statistici.insse.ro [8]. 
 

In 2021, the distribution of landscaped green 

spaces at the county level generally maintains 

the territorial patterns observed in the previous 

year; however, significant increases are visible 

in certain counties, indicating either an 

intensification of urban development processes 

or administrative updates of statistical records. 

The data are reported annually and reflect the 

total area of landscaped green spaces within the 

built-up areas of localities, in accordance with 

the methodology of the National Institute of 

Statistics. 

The Municipality of Bucharest maintains its 

constant value of 4,506 hectares, a situation 

explained by the continued use of the 

previously developed ñGreen Registerò and by 

the absence of structural updates to the 

reported area during the analysed period [9]. At 

the county level, MaramureἨ remains the 

county with the largest green space area (2,367 

ha), followed by Dolj (1,257 ha), MureἨ (1,329 

ha), Cluj (1,227 ha), and GalaἪi (1,051 ha). The 

stability of these values suggests continuity in 

local policies aimed at maintaining urban green 

infrastructure. 
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The most notable change in 2021 is recorded in 

Ilfov County, where the green space area 

increases significantly from 1,178 hectares in 

2020 to 2,746 hectares in 2021. This 

development may be associated with the 

accelerated expansion of urban and peri-urban 

areas, as well as with the inclusion in official 

statistics of green spaces related to newly 

developed residential and service complexes in 

the metropolitan area of the Municipality of 

Bucharest. The abrupt increase most likely 

reflects an administrative reporting update 

rather than a physical transformation achieved 

within a single year. 

Moderate increases in green space area are also 

observed in counties such as Cluj (1,227 ha), 

IaἨi (1,005 ha), ConstanἪa (1,066 ha), Suceava 

(723 ha), and MureἨ (1,329 ha), developments 

that may be linked to ongoing urban expansion 

and the extension of public amenities in 

county-seat cities. These values reflect a trend 

toward the consolidation of green 

infrastructure in regional urban centers, 

without generating extreme variations at the 

national level. 

At the opposite end, counties such as Giurgiu 

(70 ha), Gorj (153 ha), Vrancea (172 ha), 

Tulcea (208 ha), SŁlaj (221 ha), and Covasna 

(197 ha) continue to record the lowest 

landscaped green space areas. The persistence 

of these low values suggests limited urban 

dynamics, as well as a possible orientation of 

local development policies toward other 

priorities, to the detriment of expanding intra-

urban green spaces. 

Overall, the 2021 data confirm the persistence 

of significant territorial disparities in the 

distribution of urban green spaces in Romania. 

Although certain counties record important 

punctual increases, the general structure 

remains uneven, highlighting the decisive role 

of local administrative capacity and the pace of 

urban development in shaping this indicator. 

 

 
Fig. 3. Green space area by county in Romania, 2022 (unit of measurement: hectares) 

Source: NIS, http://statistici.insse.ro [8]. 

 

In 2022, the distribution of landscaped green 

spaces at the county level indicates a period of 

relative stabilization following the more 

pronounced adjustments observed in the 

previous year. The reported values suggest 

that, in most counties, the green space area 

evolved only marginally, reflecting either the 

consolidation of existing statistical records or a 

moderate pace of new urban developments, in 

accordance with official reporting. 

At the county level, MaramureἨ continues to 

hold a dominant position with 2,365 hectares, 
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closely followed by Ilfov (2,747 ha), MureἨ 

(1,458 ha), Dolj (1,258 ha), and Cluj (1,220 

ha). The persistence of these high values 

suggests that these counties benefit from a 

well-established urban green infrastructure that 

has been maintained and strengthened over 

time. 

A distinctive feature of 2022 is the marked 

increase in green space area in MureἨ County, 

which reaches 1,458 hectares compared to the 

previous year. This development indicates 

either the expansion of public amenities in the 

countyôs urban centers or a more detailed 

update of the reported areas, a phenomenon 

frequently observed in annual administrative 

statistics. A positive trend is also observed in 

counties such as ConstanἪa (1,080 ha), Suceava 

(828 ha), Bihor (864 ha), and Arad (614 ha), 

where moderate increases suggest active yet 

controlled urban dynamics. 

Counties such as IaἨi (990 ha), Hunedoara (954 

ha), TimiἨ (883 ha), Prahova (768 ha), and 

BacŁu (820 ha) fall within the intermediate 

value range. In these cases, variations 

compared to the previous year are limited, 

indicating a balance between the expansion of 

the built environment and the maintenance of 

existing green areas. This stability may be 

interpreted as a sign of the maturation of local 

urban planning processes. 

In contrast, counties such as Giurgiu (70 ha), 

Gorj (153 ha), Vrancea (172 ha), Tulcea (208 

ha), SŁlaj (221 ha), and Covasna (197 ha) 

continue to record the lowest landscaped green 

space values. The absence of significant 

variations compared to previous years suggests 

limited urban dynamics, as well as the possible 

absence of local policies explicitly oriented 

toward the expansion of intra-urban green 

infrastructure. 

Overall, the 2022 data highlight the 

consolidation of already existing territorial 

disparities rather than a restructuring of green 

space distribution at the national level.  
 

 
Fig. 4. Green space area by county in Romania, 2023 (unit of measurement: hectares) 

Source: NIS, http://statistici.insse.ro [8]. 
 

The stabilization trend observed in most 

counties indicates that major developments in 

this indicator are closely linked to 

administrative decisions, methodological 

updates, and the general pace of urban 

development (factors that will continue to 

influence the dynamics of green spaces in the 

coming years). 

The year 2023 marks a visible shift in the 

dynamics of urban green spaces, characterized 

by the emergence of highly pronounced 

punctual increases, alongside the persistence of 
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areas experiencing stagnation or decline. The 

distribution of values at the county level 

indicates that, unlike the previous year, certain 

counties record significant changes in the 

reported areas, suggesting either major 

administrative interventions or substantial 

expansions of urban green amenities. 

The most striking development is observed in 

BraἨov County, where the green space area 

increases abruptly to 1,365 hectares, compared 

to 372 hectares in 2022. This substantial 

increase represents a turning point in the 

analyzed time series and may be interpreted as 

the result of reclassification or the inclusion of 

extensive urban green areas, possibly 

following updates to local records or the 

integration of peri-urban zones into the built-

up area. The magnitude of this variation 

suggests an administrative process rather than 

a physical transformation carried out within a 

single year. 

A significant development is also recorded in 

Arad County, where the green space area 

reaches 1,020 hectares, nearly double the value 

recorded in the previous year. This increase 

positions the county above other traditionally 

recognized urban poles and indicates a rapid 

reconfiguration of urban green infrastructure, 

either through the effective expansion of 

landscaped areas or through the revision of 

local reporting criteria. 

Counties with high and relatively stable values 

include Ilfov (2,749 ha), MaramureἨ (2,365 

ha), MureἨ (1,458 ha), Dolj (1,258 ha), and 

Cluj (1,220 ha). The persistence of these values 

confirms that these counties benefit from an 

urban structure in which green spaces represent 

a constant component of territorial 

development, without major year-to-year 

fluctuations. 

An intermediate level of green space area is 

observed in counties such as IaἨi (1,017 ha), 

ConstanἪa (1,075 ha), GalaἪi (1,059 ha), 

Hunedoara (960 ha), Suceava (837 ha), and 

Sibiu (546 ha). In these cases, variations are 

moderate and indicate incremental evolution, 

typical of cities where urban planning policies 

are implemented gradually, without major 

structural interventions. 

At the lower end of the distribution remain 

counties such as Giurgiu (70 ha), Gorj (153 

ha), Vrancea (183 ha), Tulcea (208 ha), SŁlaj 

(216 ha), and Covasna (180 ha). The 

persistence of these reduced values suggests 

ongoing administrative inertia and limited 

integration of landscaped green spaces into the 

urban structure of these counties, despite the 

positive developments observed in other 

regions. 

Overall, 2023 stands out through the 

intensification of territorial polarization in the 

distribution of urban green spaces. The 

emergence of very large increases in certain 

counties, alongside stagnation in others, 

indicates that the evolution of this indicator is 

decisively influenced by administrative 

factors, reporting capacity, and local urban 

development priorities, rather than by a 

uniform process of green infrastructure 

expansion at the national level. 

The data for 2024 outline a picture of structural 

stabilization in the distribution of urban green 

spaces at the county level, following the 

significant fluctuations and adjustments 

observed during the 2021ï2023 period. The 

reported values confirm that, for most counties, 

the area of landscaped green spaces has entered 

a phase of consolidation, with only marginal 

variations compared to the previous year, 

reflecting both the maturation of administrative 

processes and a relative plateau in urban 

expansion. 

Counties with the highest values continue to 

include Ilfov (2,765 ha), MaramureἨ (2,365 

ha), MureἨ (1,524 ha), BraἨov (1,365 ha), Dolj 

(1,262 ha), and Cluj (1,221 ha). The 

persistence of these values confirms that these 

counties have integrated green spaces as a 

structural component of urban development, 

and subsequent annual changes are more likely 

the result of fine adjustments rather than major 

interventions. 

In the case of Ilfov County, the maintenance of 

high values consolidates the trend initiated in 

2021, suggesting a lasting redefinition of green 

infrastructure within the metropolitan area of 

the Municipality of Bucharest. 
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Fig. 5. Green space area by county in Romania, 2024 (unit of measurement: hectares) 

Source: NIS, http://statistici.insse.ro [8]. 
 

MureἨ County stands out in 2024 by reaching 

1,524 hectares, confirming the sustained 

growth observed since 2022. This development 

indicates either a progressive expansion of 

urban amenities or a more comprehensive 

reporting of existing areas, placing the county 

in a reference position at the regional level. 

Similarly, BraἨov maintains the high value 

recorded in 2023, signalling that the previous 

surge was not circumstantial but rather reflects 

a structural change in the reporting and 

classification of urban green spaces. 

A consistent group of counties presents stable 

intermediate values, including ConstanἪa 

(1,075 ha), GalaἪi (1,059 ha), IaἨi (993 ha), 

Hunedoara (960 ha), Suceava (837 ha), Sibiu 

(557 ha), and Bihor (869 ha). In these cases, 

developments during the 2020ï2024 period 

indicate a relative balance between the 

expansion of the built environment and the 

maintenance of green spaces, without abrupt 

variations suggesting major administrative 

changes. 

At the lower end of the distribution, counties 

such as Giurgiu (70 ha), Gorj (153 ha), 

Vrancea (183 ha), Tulcea (208 ha), SŁlaj (217 

ha), and Covasna (177 ha) continue to record 

the smallest landscaped green space areas. The 

stability of these values throughout the 

analyzed period suggests the existence of 

persistent structural constraints related to the 

size and functionality of urban settlements, as 

well as to locally assumed development 

priorities. 

Viewed as a whole, the evolution of urban 

green space area during the 2020ï2024 period 

highlights a heterogeneous dynamic, marked 

by punctual administrative adjustments and 

pronounced regional differences. However, 

2024 confirms the consolidation trend in 

territorial distribution, indicating that major 

changes in this indicator are more likely 

exceptions driven by methodological or 

administrative recalibrations, rather than the 

result of a uniform process of green space 

expansion at the national level. These findings 

provide a relevant framework for subsequent 

correlation with indicators concerning forest 

vegetation health and existing ecological 

pressures. 

Subsequently, the analysis extends from the 

built environment to the general condition of 

vegetation through the examination of the 

indicator ñIntensity of tree damage according 

to crown defoliation rate,ò as both urban green 

spaces and the monitored trees reflect the 

environmentôs response to common pressures 

such as climate change, air pollution, and 
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