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Relevance of the Research Problem
Bulgaria’s agricultural sector, much like those of other EU member states, is entering a phase of profound structural transformation driven by the intensifying impact of climate change, threats to biodiversity, and increasing regulatory requirements for sustainability. In the context of this strategic reorientation, the European Commission announced the European Green Deal in 2019, whose specific objectives for the agricultural sector are detailed in the "Farm to Fork" and "Biodiversity 2030" strategies (European Commission, 2019a, 2019b). The Green Deal represents a long-term framework for achieving climate neutrality by 2050, based on an intersectoral approach and consistency between economic, environmental, and social goals. Unlike previous periods of the Common Agricultural Policy (CAP), it introduces a new governance paradigm focused on increasing resource efficiency, protecting biodiversity, minimizing carbon emissions, and ensuring sustainable development (Huber et al., 2021; Pe'er et al., 2020).
Specific to Bulgaria, the agricultural sector is characterized by pronounced structural fragmentation, regional asymmetries in productivity, and a significant diversity of organizational and economic forms—ranging from highly mechanized industrial farms with strong market integration to small family holdings (Koteva and Ivanov, 2020; Bachev, 2022). These structural characteristics define the framework within which the Green Deal is implemented in the country and necessitate an in-depth study of its effects on different types of holdings. In this context, the implementation of sustainable practices offers real opportunities for technological modernization and integration into low-carbon production models, alongside the challenges posed by production transformation requirements. Existing literature on the impact of the Green Deal on agriculture is primarily oriented toward macroeconomic and sectoral analyses—forecasts of production, sectoral income, etc. (Beckman et al., 2020; Janssen et al., 2021; Fontagné et al., 2022). While these studies form a solid analytical foundation, they do not inherently address the differentiated impact of the Green Deal on individual types of holdings nor evaluate the economic and environmental efficiency of sustainable practices at the microeconomic level. A number of authors in Central and Eastern Europe are already shifting their focus toward the implementation of the Green Deal in countries with heterogeneous farming structures (Loughrey et al., 2022; Vrček et al., 2023). In Bulgaria, research in this field covers a wide range of analytical perspectives—from the conceptual and institutional aspects of sustainability and organizational-economic models of farms to the environmental dimensions of agricultural policy (Bachev and Ivanov, 2025; Georgiev, 2024; Plachkova, 2025). The present work builds upon this body of research by proposing an integrated assessment of the role of sustainable practices in enhancing the economic and environmental efficiency of agricultural holdings by type and size—an analytical dimension that complements established theoretical and sectoral frameworks and provides an empirical basis for implementing Green Deal requirements within the Bulgarian agricultural context.
Object and Subject of the Research
The object of the research are the agricultural holdings in Bulgaria, analysed differentially according to three main dimensions: economic size, specialisation and production model.
The subject of the research is the economic and environmental efficiency of agricultural holdings in the context of the regulatory requirements of the Green Deal, as well as the effects of applying various sustainable practices (such as minimum tillage, cover crops, precision fertilisation and integrated pest management) and the possibilities for their large-scale implementation in real production conditions.
Aim and Tasks of the Research
Aim: To investigate the economic and environmental efficiency of agricultural holdings in Bulgaria and analyze the role of sustainable agricultural practices in enhancing them within the context of the Green Deal.
To achieve this aim, the following research tasks have been formulated:
· To examine the theoretical foundations of the economic and environmental efficiency of agricultural holdings;
· To develop a methodological toolkit for assessing the economic and environmental efficiency of Bulgarian agricultural holdings under the conditions of the Green Deal;
· To evaluate the economic and environmental efficiency of agricultural holdings in Bulgaria according to their typology and size;
· To identify and analyse the factors influencing the adoption and implementation of sustainable practices by Bulgarian farmers;
· To analyse farmers’ attitudes towards the impact of the Green Deal through a questionnaire survey and focus groups;
· To investigate the economic and environmental efficiency of production models in holdings of different scales and specialisations through case study analysis;
· To develop and apply a model for measuring the comparative advantages of the tested sustainable practices in relation to the parameters of the Green Deal and to reveal their effects on structural consolidation;
· To formulate guidelines for increasing the economic and environmental efficiency of agricultural holdings, taking into account the heterogeneity of the sector in terms of size, specialization and production model.
Thesis and Working Hypotheses
The dissertation defends the thesis that the Green Deal opens up opportunities for increasing the economic and environmental efficiency of Bulgarian agricultural holdings through the promotion of sustainable practices.
H1: The economic and environmental efficiency of agricultural holdings in Bulgaria differs significantly depending on their typology and economic size;
H2: The application of specific sustainable practices examined in the present study can significantly increase both the environmental and economic efficiency of holdings simultaneously;
H3: The Green Deal will lead to a reduction in the use of chemical fertilisers, which will be reflected in a higher Relative Comparative Assessment (RCA) in future scenarios;
H4: The application of the tested sustainable practices to the extent of achieving compliance with the parameters of the Green Deal would lead to greater economic and environmental efficiency, exceeding the expected greater reduction in the number of holdings.
Limitations of the Research: Part of the results are based on primary data with a relatively short time period; environmental efficiency was assessed using FADN proxy indicators; and the econometric modelling works with a limited number of factors for future scenarios.
Structure of the Dissertation
The dissertation is structured into an introduction, four chapters, a conclusion, a list of references and appendices. Each chapter follows the logic of the research: from building the theoretical-conceptual framework (Chapter One), through defining the methodological design (Chapter Two) and empirical verification of the results and attitudes (Chapter Three), to forecast modelling and applied recommendations for adaptation to the Green Deal (Chapter Four). The total volume of the work is 411 pages, including 545 sources of information, 19 figures, 74 tables and 3 appendices.
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[bookmark: _Toc229127772]CHAPTER ONE – THEORETICAL AND CONCEPTUAL FRAMEWORK OF THE ECONOMIC AND ENVIRONMENTAL EFFICIENCY OF AGRICULTURAL HOLDINGS IN THE CONTEXT OF THE GREEN DEAL
In the first chapter of the dissertation, the theoretical and conceptual framework of the study is constructed, dedicated to the economic and environmental efficiency of agricultural holdings under the conditions of the European Union’s Green Deal. The historical development of agriculture is examined as a process of profound economic transformation that changes the mode of production, distribution and organisation of resources in the agrarian sector. As the study emphasises, from the emergence of primary forms of production to the formation of modern agrarian systems, agriculture has undergone significant changes driven by the interaction between technological progress, institutional evolution, demographic trends and economic incentives. The classical economic school links the price of land to ground rent and lays the foundation for the analysis of the role of land in the production process. Adam Smith in The Wealth of Nations (1776) views agriculture as the main source of wealth, while David Ricardo formulates the theory of rent arising from unequal fertility and the scarcity of land. Karl Marx adopts many of the views of the classics but regards rent as “a product of society, not of the land”. Johann Heinrich von Thünen in The Isolated State (1826) develops a spatial model of agricultural production around the central city. In the twentieth century, neoclassical theory divides land into different categories and emphasises land and environmental resources. The concept of sustainability was finally established with the Brundtland Report (1987), which formulated the principle of meeting the needs of present generations without compromising the ability of future generations to meet their own needs. The United Nations Conference in Rio (1992) laid the foundations of the contemporary model of sustainable development, based on the interaction between the economic, social and environmental dimensions.
In the context of the European Union, sustainability within the Common Agricultural Policy (CAP) has passed through several stages of development. The Green Deal, announced in 2019, represents a long-term framework for achieving climate neutrality by 2050. The strategies “From Farm to Fork” and “Biodiversity 2030” (European Commission, 2019a, 2019b) set specific quantitative targets for reducing the use of pesticides and fertilisers, expanding organic farming and protecting biodiversity. The normative documents underpinning the various directions of the Green Deal are systematised in the following table:
Table 1 Normative Documents Underpinning the Various Directions of the Green Deal
	Agriculture
	Climate Neutrality
	Environment
	Transport and Industry

	Law on Sustainable Food Systems
	European Climate Law
	Biodiversity Strategy
	New Industrial Strategy for Europe

	Regulation on the Sustainable Use of Pesticides
	Emissions Trading System and Carbon Border Adjustment Mechanism
	EU Forest Strategy
	Circular Economy Action Plan

	Integrated Nutrient Management Plan
	Effort Sharing Regulation
	Nature Restoration Law
	Strategy for Sustainable and Smart Mobility

	Revision of Animal Welfare Rules
	Land Use, Land-Use Change and Forestry Regulation
	EU Soil Strategy for 2030 & Soil Health Law
	—

	Action Plan for Organic Farming
	Communication from the Commission on Sustainable Carbon Cycles
	Deforestation Law and Industrial Emissions Directive
	—

	Code of Conduct for Responsible Business and Marketing Practices
	Revision of the Energy Taxation Directive
	EU Action Plan: Towards Zero Pollution for Air, Water and Soil
	—

	Packaging, Labelling, Marketing Standards and Geographical Indications
	Social Climate Fund and Investment Plan for the European Green Deal
	EU Chemicals Strategy for Sustainability
	—


Source: Adapted from Bachev H., Mihaylova M., Terziev D., Georgiev M., Dimova N., Marinov P., Mikova R., Blagoeva S. Structure and Management of Contractual Relations in Bulgarian Agriculture. Economics and Management of Agriculture. 2024;59(3):3-28.

The adaptation of agricultural holdings to the requirements of the Green Deal is regarded as a complex process that requires a transition from conventional to sustainable production models. In response to this idea, production and technological practices for achieving sustainability have been systematised along three main directions: management of soil resources, protection of biodiversity, and management of water resources. To these are added precision agriculture, integrated pest management, and the use of inhibited nitrogen fertilisers. The comparative assessment of sustainable production and technological practices is presented in the following table:
Table 3 Comparative Assessment of Sustainable Production and Technological Practices
	Sustainable Practice
	Economic Effect
	Environmental Effect
	Investment Cost
	Applicability by Farm Type

	No-till and Minimum Tillage
	Reduction in fuel, labour and machinery depreciation costs; stabilisation of yields under climatic stress â€” effects are more pronounced in field crop and specialised holdings (Garland et al., 2011; Bojarszczuk and KsiÄ™Å¼ak, 2023; Babu et al., 2023)
	Reduction of erosional losses; improved infiltration; maintenance of soil organic carbon (Blanco-Canqui and Ruis, 2020; Triplett Jr. and Dick, 2008)
	Transition costs include specialised direct seeding equipment, training and advisory services; net effect depends on the time horizon and the ability to integrate with cover crops and rotations (Young and Schillinger, 2012)
	Suitable for large field crop holdings with adequate mechanisation; limited applicability on small farms and hilly terrain; higher economic significance for specialised holdings with higher intensity (Katsalirou and Gerakis, 2022)

	Cover Crops
	Additional short-term costs for seeds and management; medium-term reduction in mineral fertiliser and anti-erosion costs; holdings applying the practice show lower insurance losses during extreme weather events (Quintarelli et al., 2022; Adetunji et al., 2020; Aglasan et al., 2024)
	Reduction of bulk density; increased water-stable aggregates; uptake of residual mineral nitrogen and phosphorus; limitation of leaching and groundwater contamination (Himmelbauer et al., 2013; Bichev and Yordanova, 2018)
	Low to medium; seed and management costs are offset by reduced fertilisation costs with long-term application (Quintarelli et al., 2022)
	Suitable for field crop and mixed holdings; key tool for adaptation to drought in regions with high sensitivity of the water regime (Dzhuvinov et al., 2024)

	Precision Agriculture (GPS, sensors, drones)
	Reduction in fertiliser and crop protection product costs without negative effect on yields â€” effects vary depending on scale, crop structure and level of technological integration (Padhiary et al., 2024; Karunathilake et al., 2023); stabilisation of yields under climatic uncertainty (Saranya et al., 2023)
	Reduction of diffuse pollution of soils and water resources; limitation of Nâ‚‚O emissions through more precise nitrogen dosing; optimisation of water use (Adewusi et al., 2024; Ram et al., 2024)
	High initial capital expenditure for equipment, software and training; economic return is strongly dependent on farm size â€” effects on profitability are more pronounced on larger holdings (Yadav et al., 2023)
	Suitable primarily for larger holdings; applicability on small and medium-sized farms is limited by investment barriers; EU public policies through eco-schemes and digitalisation measures play a key role in overcoming these barriers (Getahun et al., 2024)

	Inhibited Nitrogen Fertilisers
	Increased nitrogen use efficiency by plants; reduced need for additional fertilisation; DMPP reduces nitrogen losses by approximately 30â€“40%; global market value of inhibitors estimated at USD 602 million in 2024 â€” an indicator of their growing economic importance (Ivanov and Kirovski, 2014; Coskun et al., 2017; DataM Intelligence, 2024)
	Reduction of Nâ‚‚O emissions by 50â€“60% with Pyridylnitrite; limitation of nitrate leaching into groundwater and surface waters; CRF fertilisers reduce nutrient leaching by up to 40% (Song et al., 2025; ProchÃ¡zka et al., 2012) â€” see Table 2
	Low to medium; higher unit price of fertiliser offset by lower required dosage and fewer applications (Ivanov and Kirovski, 2014)
	Applicable to all field crop holdings; particularly effective on wet soils and near vulnerable water bodies; easily integrable into CAP eco-schemes (Song et al., 2025)

	Integrated Pest Management (IPM)
	Reduction in pesticide costs through the application of economic injury levels; cost optimisation under limited budgets by shifting from â€œcalendar-basedâ€� treatments to management based on diagnostics and forecasting; medium-term â€” more stable revenues under climatic and market uncertainty (Elliott et al., 1995; Kogan, 1998; Rustia et al., 2022)
	Reduction of pesticide load on soils and waters; protection of beneficial insects, pollinators and natural enemies of pests; maintenance of functional biodiversity in agroecosystems (Gao et al., 2025; Zhou et al., 2024)
	Low when trained personnel are available; medium when specialised equipment and monitoring systems are required; integration of digital technologies may increase costs but also improves decision accuracy (Han et al., 2024)
	Applicable to all farm types; mandatory in organic production; regulatory requirement under EU Directive 2009/128/EC (European Parliament and Council, 2009)

	Drip Irrigation
	Reduction in water and energy costs under irrigated conditions; 20â€“30% reduction in irrigation water while maintaining or improving yields under agronomically justified deficit regime; economic viability depends on water price, value of production and depreciation period (Dasberg and Or, 2013; Dimitrova and Tsvetanov, 2015)
	Reduction of water consumption; limitation of diffuse pollution through precise dosing; prevention of soil degradation and salinisation (Van der Kooij et al., 2013; Benouniche et al., 2014)
	High â€” requires permanent infrastructure, installation costs and maintenance; investment support and advisory mechanisms are needed, especially for small and medium-sized holdings (Aleksiev et al., 2024)
	Vegetable production, permanent crops and irrigated field crops; limited in non-irrigated zones; positioned as a tool for water efficiency in EU policies (Aleksiev et al., 2024)


Sources: Own elaboration based on: Teixeira et al. (2020); OECD (2020); European Commission (2023).
The theoretical aspects of economic size and specialisation for the classification of agricultural holdings are based on the Community Typology (Regulation 85/377/EEC). The classification of agricultural holdings by size and class is presented in the following table:
Table 4 Classification of Agricultural Holdings by Size and Class


	Class
	Economic size
	Threshold in EUR

	I
	Very small holdings
	2,000 - < 8,000 EUR

	II
	Small holdings
	8,000 - < 25,000 EUR

	III
	Medium holdings
	25,000 - < 50,000 EUR

	IV
	Large holdings
	50,000 - < 100,000 EUR

	V
	Very large holdings
	100,000 - < 500,000 EUR

	VI
	Industrial agricultural holdings
	>= 500,000 EUR


Source: Own scheme, adapted from FADN
Specialization based on the type of farming codes (TF) is systematized in the following table:
Table 5: Specialization based on the type of farming codes (TF) within the framework of the Community Typology (Regulation 85/377/EEC)
	Description
	Grouping of types of farming (TF) based on the main types of agricultural activity

	Field Crops
	holdings specialized in the cultivation of cereals, oilseeds, and protein crops, as well as those with mixed field crops.

	Horticulture
	holdings specialized in intensive production of vegetables, flowers, and ornamental plants, which often use greenhouses and irrigation technologies.

	Wine
	holdings specialized in the cultivation of vineyards and the production of wine.

	Other Permanent Crops
	holdings that focus on permanent crops, such as orchards, citrus fruits, and olive groves.

	Milk
	holdings that focus on the production of milk from cows, goats, or sheep.

	Other Grazing Livestock
	holdings specialized in the rearing of grazing livestock such as cattle, sheep, and goats.

	Intensive Livestock (Granivores – Pigs and Poultry)
	holdings that are specialized in the intensive rearing of pigs and poultry.

	Mixed Farming
	holdings combining different types of livestock and crop production.


Source: own scheme, adapted from Regulation 85/377/EEC
Theoretical Foundations of Economic and Environmental Efficiency of Agricultural Holdings
In the conditions of intensifying climate change, limited raw materials, and increasing sustainability requirements, the ability of agricultural holdings to achieve optimal results through the rational use of resources acquires fundamental importance. In the dissertation, efficiency is considered a complex characteristic that reflects the interaction between economic, environmental, and managerial factors. Economic efficiency is defined as the ratio between the value of the produced product and the costs of its production. This definition allows for an assessment of how effectively the holding converts input resources (land, labor, capital, materials) into high-value final output. In the context of modern agriculture, economic efficiency takes on particular importance, as it determines the competitiveness of holdings, their profitability, and their ability to generate income for owners and employees. The dissertation emphasizes that economic efficiency is a dynamic indicator that depends on numerous internal and external factors, including applied production practices, the level of technological development, and market conditions.
Environmental efficiency (eco-efficiency) is defined as the ratio between economic output and the environmental pressure caused by production activity. This definition reflects the modern pursuit of sustainable development, where economic growth must be achieved with minimal negative impact on the environment. In the context of this work, environmental efficiency is viewed as an indicator for assessing the sustainability of agricultural holdings, especially in the context of the Green Deal. These definitions and formulas form the theoretical foundation of the dissertation research. They allow for both an analysis of the current state of efficiency of Bulgarian agricultural holdings and an assessment of the impact of various sustainable practices on increasing economic results while simultaneously reducing environmental pressure. It is through this integrated approach that the research seeks to respond to the challenges that the Green Deal poses to Bulgarian agriculture and to propose scientifically grounded guidelines for the adaptation of holdings to the new requirements.
Conclusions from Chapter One:
The first chapter of the dissertation builds the theoretical and conceptual foundation for investigating the economic and environmental efficiency of agricultural holdings under the conditions of the Green Deal. The historical review of economic theories shows the evolution of the understanding of the role of land – from the classical concept of rent to modern models of sustainable development. The Green Deal is viewed as a paradigm that places economic and environmental efficiency at the center of the future development of European agriculture.
[bookmark: _Toc229127773]CHAPTER TWO: METHODOLOGICAL APPROACHES FOR ASSESSING THE ECONOMIC AND ENVIRONMENTAL EFFICIENCY OF AGRICULTURAL HOLDINGS IN THE CONTEXT OF THE GREEN DEAL
In the second chapter of the dissertation, an integrated methodological toolkit is developed and justified for the complex assessment of the economic and environmental efficiency of Bulgarian agricultural holdings under the conditions of the European Union's Green Deal. The methodological design is holistic, combining quantitative and qualitative approaches, with the aim of increasing the validity and reliability of the results obtained. As emphasized by Creswell and Plano Clark (2017), a mixed methodological design allows for a deeper understanding of the research problem by combining data of different types. The choice of research tools is dictated by the need to cover the heterogeneity of the Bulgarian agricultural sector in terms of size, specialization, and production model, as well as to evaluate the impact of sustainable practices on efficiency while taking into account the regulatory requirements of the "Farm to Fork" strategy (European Commission, 2019a).
The methodological framework of the research is systematized in the following table:
Table 7: Methodological framework of the research
	Research Task
	Methods Used
	Interpretation Parameters

	1. Investigation of the attitudes and behavior of farmers toward sustainable practices
	Survey among farmers from six NUTS-2 regions and semi-structured focus groups with thematic analysis
	Level of awareness regarding the Green Deal, readiness for adaptation, perceived risks and benefits, identified barriers

	2. Formulation of a SWOT matrix for the adaptation of agricultural holdings to the Green Deal
	Synthesis of quantitative and qualitative data and SWOT analysis with expert validation
	Strengths, weaknesses, opportunities, and threats; adaptation scenarios; adaptive potential by holding type

	3. Conducting case studies in real agricultural holdings
	Case studies in three holdings of different size and specialization and counterfactual comparison between regimes with sustainable and conventional practices
	Yields, production value, production costs, etc.

	4. Measuring the economic efficiency of sustainable practices
	FADN method and variation analysis between campaigns
	Output–cost ratio, land productivity, labor productivity, capital efficiency, etc.

	5. Measuring environmental impact and environmental performance
	Farm-gate analysis
	Intensity of nitrogen fertilizer use, expenditures on plant protection products, specific costs in livestock breeding, pesticide use, nitrogen use, sales of antimicrobials, etc.

	6. Measuring the environmental efficiency (eco-efficiency) of sustainable practices
	Eco-efficiency approach and counterfactual comparison
	Comparison of economic results with the degree of environmental pressure per functional units of hectare and ton of output

	7. Interpretation of economic and environmental efficiency
	Comparative analysis within the framework of the case studies
	Identification of practices with economic efficiency, environmental efficiency

	8. Modeling possible changes in efficiency when resources with high environmental pressure change
	Econometric modeling with stochastic and scenario elements, based on historical series
	Trends in the use of chemical nitrogen fertilizers and antibiotics; alternative scenarios until 2030; sensitivity of economic and environmental efficiency to regulatory changes

	Investigation of the dependency between the number of holdings and the use of mineral fertilizers
	Correlation and determination analysis
	Strength and direction of the relationship, correlation coefficient (r), coefficient of determination (R²), forecast effects on the structure of the sector and total fertilizer use


Source: own scheme
After determining the general methodological framework, we proceed to the detailed development of the criteria and indicators for assessing economic and environmental efficiency. These criteria are systematized in the following table:
Table 8: Criteria and indicators for assessing the economic and environmental efficiency of agricultural holdings under the conditions of the Green Deal
	Area of Analysis
	Criterion
	Indicator
	Method
	Level of Observation
	Hypothesis

	Economic Efficiency (FADN)
	Efficiency of production costs
	FADN coefficient of the ratio total output/total costs: (SE131/SE025)BG / (SE270/SE025)EU
	FADN
	Holding; comparison with the EU
	H1

	 
	Labor efficiency
	FADN coefficient of output per annual work unit: (SE131/SE010)BG / (SE131/SE010)EU
	FADN
	Holding; comparison with the EU
	H1

	 
	Capital efficiency
	FADN coefficient of output per unit of assets: (SE131/SE436)BG / (SE131/SE436)EU
	FADN
	Holding; comparison with the EU
	H1

	 
	Land use efficiency
	FADN coefficient of rent paid: SE375BG / SE375EU (€/ha)
	FADN
	Holding; comparison with the EU
	H1

	Environmental Efficiency (FADN)
	Fertilization intensity
	FADN coefficient of fertilizer costs: (SE295/SE025)BG / (SE295/SE025)EU (€/ha)
	FADN
	Holding; comparison with the EU
	H2, H3

	 
	Plant protection intensity
	FADN coefficient of PPP (plant protection products) costs: (SE300/SE025)BG / (SE300/SE025)EU (€/ha)
	FADN
	Holding; comparison with the EU
	H2, H3

	 
	Specific resource intensity in livestock breeding
	FADN coefficient of specific livestock costs, incl. veterinary: (SE330/SE025)BG / (SE330/SE025)EU (€/ha)
	FADN
	Holding; comparison with the EU
	H2, H3

	Environmental Efficiency (Case Studies)
	Nitrogen efficiency
	NUE = Q/N (tons yield/kg applied N)
	Case studies; laboratory analyses
	Holding; by practices
	H2

	 
	Carbon intensity
	CI = GHG(N,E)/Q (kg CO₂ eq/ton output)
	Case studies; emission coefficients
	Holding; by practices
	H2

	 
	Water productivity
	WP = Q/W (tons output/m³ water used)
	Case studies
	Holding; by practices
	H2

	 
	Eco-efficiency (total)
	EE = V/EI (output value BGN/ha relative to aggregated environmental pressure); dynamic index ΔEE = EEt+1/EEt
	Case studies
	Holding; by practices
	H2

	Attitudes and Adaptive Capacity
	Awareness of the Green Deal
	Share of farmers by level of awareness: very well / partially / superficially / not familiar at all (%)
	Survey (n=92); focus groups
	Sector
	H2

	 
	Expected impact of the Green Deal
	Share of farmers expecting negative / neutral / positive impact on the holding (%)
	Survey; focus groups
	Sector
	H2

	 
	Readiness to implement sustainable practices
	Share of holdings ready to invest in sustainable practices within 1–3 years (%)
	Survey; focus groups
	Sector
	H2

	 
	Financial and institutional barriers
	Share of farmers citing financial / informational / regulatory barriers as the leading obstacle (%)
	Survey; focus groups
	Sector
	H2

	Strategic Position
	Internal strengths
	Identified competitive advantages of the sector, systematized by categories via SWOT matrix
	SWOT analysis verified by survey results
	Sector
	H2

	 
	Internal weaknesses
	Identified structural constraints, systematized by categories via SWOT matrix
	SWOT analysis verified by survey results
	Sector
	H2

	 
	External opportunities
	Identified regulatory and market opportunities from the Green Deal, systematized via SWOT matrix
	SWOT analysis
	Sector
	H2

	 
	External threats
	Identified risks and threats from the implementation of the Green Deal, systematized via SWOT matrix
	SWOT analysis
	Sector
	H2

	Scenario Forecast
	Dynamics of mineral fertilizer use
	Forecast volume (tons of active substance)
	Stochastic scenario model with trend extrapolation
	National
	H3

	 
	Dynamics of veterinary antibiotic use
	Forecast volume of antibiotics sold (tons)
	Stochastic scenario model
	National
	H3

	 
	Structural dependency — number of holdings and fertilizer quantity
	Tightness of the dependency between mineral fertilizer use and number of holdings approved for direct payments
	Pearson correlation coefficient
	Correlation analysis
	National

	 
	Share of explained variation in the number of holdings
	Coefficient of determination
	Determination analysis
	National
	H4

	 
	Intensity of linear dependency
	Regression coefficient
	Regression analysis
	National
	H4



Sources: own development
Based on this methodological foundation, a SWOT analysis is applied, which allows for a strategic diagnosis of the position of the Bulgarian agricultural sector relative to the requirements of the Green Deal. The analysis identifies both the internal strengths and weaknesses of the holdings, as well as the external opportunities and threats arising from regulatory pressure and the financial incentives of the CAP.
Parallel to the quantitative methods, a survey and focus groups are conducted. The survey covers 92 agricultural holdings, stratified by economic size, NUTS-2 region, and production specialization according to the FADN typology. The questionnaire includes questions regarding the level of awareness about the Green Deal, the expected impact on the holding, the sustainable practices implemented, and the barriers to their adoption. The focus groups—a total of six, one in each NUTS-2 region—are conducted according to semi-structured scenarios covering nine thematic blocks, ranging from the holding profile to SWOT-oriented questions. The results of the survey and focus groups are subjected to cross-analysis and stability testing by region and holding characteristics, which ensures the validation of the quantitative data.
The next step in the methodological design is the case study analysis. According to Yin (2018), the case study method is particularly suitable for a "deep understanding of processes in real-world contexts" of the holdings. Three holdings have been selected, representing different types by size and specialization. The first case study covers an industrial grain-producing holding with an economic size of over 500,000 EUR, located in the North-East region (NUTS-2, BG33). In this case, experiments are conducted with conventional and no-till soil cultivation, different fertilization schemes for wheat, maize, and sunflower, as well as the application of cover crops. The second case study represents a medium-sized livestock holding with an economic size between 25,000 and 50,000 EUR in the North Central region (NUTS-2, BG32). The experiments include fertilization in maize for grain and silage, sorghum, as well as the application of cover crops with a nitrogen-fixing effect. The third case study is a large agricultural holding with an economic size between 50,000 and 100,000 EUR, specialized in permanent crops and located in the South-East region (NUTS-2, BG34). Practices for grassing between the rows, drip irrigation, and integrated pest management have been applied.
At the next stage, the (RCA is applied, through which coefficients of economic and environmental efficiency are derived at the level of the main factors of production and specialisation of agricultural holdings. The primary output indicator in the model is Total Output (SE131 Total Output, €/farm), which serves as the basis for forming an intensity indicator of output per unit area. For this purpose, total output is related to the utilised agricultural area (SE025), which acts as a common normalising base. Thus, for each year the following is calculated:

where is output per hectare, and is the respective year. Following the same principle, the remaining resource indicators are formed, through which the individual dimensions of economic efficiency are assessed. For production costs, the indicator SE270 Total Inputs, expressed per hectare, is used:

For capital, SE436 Total Assets is used, again related to the utilised agricultural area:

For labour, SE010 Total Labour Input, measured in AWU per holding and normalised per hectare, is used:

For land use, SE375 Rent paid (€/ha) is applied, which is already expressed per hectare by nature and does not require additional normalisation:

For each of the selected indicators in the analysis by production specialisation, a Relative Comparative Assessment (RCA) coefficient is calculated, which measures the relative performance of the respective unit under study against the reference average level and the degree of variation in the observed population. Within the present study, the RCA coefficient is calculated using the following formula:

where:
is the Relative Comparative Assessment coefficient for indicator in group ;
denotes the value of the examined indicator for the respective production specialisation or group of holdings;
is the average value of the same indicator for the observed population;
is the coefficient of variation of the indicator, through which the degree of dispersion of observations around the mean value is accounted for.
The correlation and determination analysis examines the relationship between the number of holdings approved for direct payments and the quantitative use of mineral fertilizers, based on official data from the State Fund “Agriculture” for the period 2007–2022.
Table 72: Number of holdings approved for direct payments and use of mineral nitrogen fertilizers in Bulgaria, 2007–2022
	Year
	Number of holdings (thousands)
	Mineral nitrogen fertilizers (t)

	2007
	78.79
	177,936

	2008
	80.35
	173,917

	2009
	79.17
	177,553

	2010
	93.32
	199,083

	2011
	89.78
	192,357

	2012
	86.42
	235,386

	2013
	90.49
	258,856

	2014
	98.94
	322,004

	2015
	67.36
	341,608

	2016
	67.29
	365,913

	2017
	67.89
	351,120

	2018
	66.05
	339,329

	2019
	62.95
	352,486

	2020
	60.17
	364,335

	2021
	58.6
	342,890

	2022
	56.49
	354,479


Source: Own calculations4
Conclusions from Chapter Two: The methodological toolkit developed in the second chapter represents an integrated framework that combines macroeconomic data from FADN, primary empirical data from surveys and focus groups, and microeconomic case studies. The application of the relative comparative assessment, the stochastic model, and the correlation analysis provides the opportunity to simultaneously measure economic and environmental efficiency and to forecast the effects of the Green Deal's regulatory requirements on the structure of the Bulgarian agricultural sector. The testing of sustainable practices in the three case study holdings confirms their applicability and economic expediency, which creates an empirical basis for formulating differentiated recommendations in the subsequent chapters of the dissertation.
[bookmark: _Toc229127774]CHAPTER THREE: STATE AND GUIDELINES FOR INCREASING THE ECONOMIC AND ENVIRONMENTAL EFFICIENCY OF BULGARIAN AGRICULTURAL HOLDINGS
In the third chapter of the dissertation, the empirical results from the application of the developed methodological toolkit are presented. The first part of the chapter presents the results from the application of the RCA. The analysis shows that the economic efficiency of Bulgarian agricultural holdings is characterized by significant heterogeneity, which is determined by production specialization. This reveals structural problems in the sector related to the fragmentation of land use, limited access to capital and technology, as well as the uneven distribution of investments in modernization. The economic efficiency of production costs shows the highest values in holdings specialized in field crops and mixed farming, while livestock holdings experience greater pressure on their cost structure due to higher feed and energy prices. The dynamics of this indicator for the period 2007–2023 reveal that the 2008–2009 crisis and the subsequent years of instability in the raw material markets have had a lasting impact on the efficiency of smaller holdings. Larger holdings manage to adapt to changes more quickly. This trend is also confirmed by the graph below, which illustrates the dynamics of the economic efficiency of production costs:
Figure 7: Economic efficiency of production costs

Source: own scheme
The assessment of the economic efficiency of labor represents a key element of the analysis of production and resource efficiency of agricultural holdings, as human labor remains a fundamental factor through which technological, organizational, and managerial decisions are materialized. The data for the period 2007–2017 (Figure 5) clearly show a steady upward trend in efficiency, reflecting the gradual transition of Bulgarian agriculture from labor-intensive to capital- and technology-intensive production models.
Figure 8: Economic efficiency of labor

Source: own scheme
At the same time, small family farms continue to rely primarily on their own labor, which limits opportunities for growth and investment. The efficiency of capital and land use also shows clearly defined differences. Holdings with a higher share of owned land and better access to investment loans achieve significantly higher returns. This confirms the first research hypothesis that the economic efficiency of agricultural holdings in Bulgaria differs significantly depending on their typology and economic size. The analysis of economic and environmental efficiency according to production specialization is particularly indicative. The results reveal that holdings specialized in field crops (TF1) achieve the highest economic efficiency in the short term, but at the same time have the lowest environmental efficiency due to the intensive use of mineral fertilizers and pesticides.
Table 22: Values of economic efficiency indicators for agricultural holdings according to production specialization (2007–2023)
	Year
	Field crops
	Horticulture
	Viticulture
	Other permanent crops

	2007
	0.32
	0.41
	0.22
	0.30

	2008
	0.27
	0.39
	0.27
	0.37

	2009
	0.10
	0.32
	0.06
	0.22

	2010
	0.30
	0.25
	0.12
	0.25

	2011
	0.28
	0.28
	0.25
	0.14

	2012
	0.29
	0.28
	0.05
	0.19

	2013
	0.56
	0.00
	0.00
	0.00

	2014
	0.17
	0.22
	0.10
	0.22

	2015
	0.53
	0.00
	0.42
	0.00

	2016
	0.03
	0.48
	0.35
	0.05

	2017
	0.64
	0.00
	0.63
	0.00

	2018
	0.32
	0.20
	0.15
	0.58

	2019
	0.67
	0.00
	0.03
	0.00

	2020
	0.36
	0.48
	0.31
	0.57

	2021
	0.77
	0.00
	0.49
	0.01

	2022
	0.55
	0.45
	0.12
	0.35

	2023
	0.66
	0.00
	0.38
	0.00


Source: Own calculations
Conversely, holdings with mixed specialization and grazing livestock show a better balance between economic and environmental indicators. The dynamics of economic efficiency by production specialization, measured through the RCA economic coefficient for the period 2007–2023, show a steady growth trend across all types, but at different rates. The most rapid growth is observed in holdings with permanent crops and horticulture, which is due to the higher value-added of the output and better access to markets. The values of the economic efficiency indicators according to production specialization are systematized in the following table:
Table 23: Values of economic efficiency indicators for agricultural holdings according to economic size (2007–2023)
	Year
	Dairy farming
	Other grazing livestock
	Intensive livestock
	Mixed farming

	2007
	0.45
	0.42
	0.37
	0.35

	2008
	0.38
	0.36
	0.25
	0.40

	2009
	0.29
	0.35
	0.24
	0.40

	2010
	0.30
	0.39
	0.27
	0.32

	2011
	0.33
	0.39
	0.28
	0.37

	2012
	0.27
	0.37
	0.25
	0.41

	2013
	0.00
	0.00
	0.05
	0.00

	2014
	0.47
	0.73
	0.00
	0.58

	2015
	0.00
	0.00
	0.15
	0.00

	2016
	0.12
	0.00
	0.69
	0.20

	2017
	0.00
	0.00
	0.54
	0.00

	2018
	0.59
	0.63
	0.77
	0.83

	2019
	0.00
	0.00
	0.66
	0.45

	2020
	0.74
	0.58
	0.75
	0.82

	2021
	0.00
	0.00
	0.70
	0.62

	2022
	0.65
	0.47
	0.68
	0.84

	2023
	0.00
	0.00
	0.69
	0.43


Source: Own calculations
The observed values and dynamics of the RCA coefficient demonstrate clearly expressed differences between the individual sectors, with a leading trend emerging toward the sustained superiority of capital-intensive and industrialized production models compared to labor-intensive and extensive forms of farming.
Figure 11: Dynamics of economic efficiency of agricultural holdings by production specialization, measured through the RCA economic coefficient (2007–2023)
[image: ]
Source: Own calculations
Environmental efficiency also shows differences, but with slower dynamics. Holdings that apply sustainable practices such as cover crops, minimum tillage, and integrated pest management achieve higher values of the environmental coefficient.
Figure 12: Dynamics of environmental efficiency of agricultural holdings according to production specialization (2007–2023)
[image: ]
Source: Own calculations
The results from the case studies support the second research hypothesis that the implementation of specific sustainable practices can simultaneously increase the environmental and economic efficiency of farms. The analysis of environmental efficiency in the three case study farms shows that the transition from a conventional to a sustainable production model leads to a reduction in environmental pressure while maintaining or even improving economic performance. The sensitivity test of the indicators confirms that the results are robust under moderate variations in environmental pressure.
Table 27. Results of the sensitivity test of environmental efficiency indicators under variation of environmental pressure (±δEI) — by case study
	Case Study
	δEI (%)
	Preservation of the sign of (EEs - EEc)
	Interpretation

	1
	±10
	Yes
	Reliable result

	2
	±15
	Yes
	High interpretative stability

	3
	±20
	Yes
	Sustainable model remains significantly more efficient


Source: Own calculations
These data are of critical importance for policy, as they demonstrate that the Green Deal objectives for reducing fertilizer and pesticide use can be achieved without significant productivity losses, provided that appropriate sustainable practices are applied. Across the three case-study farms, the implementation of specific sustainable practices (no-till, cover crops, inhibited fertilizers, drip irrigation, and integrated pest management) leads to measurable positive effects on both economic and environmental indicators. In the industrial grain farm, no-till and cover crops provide higher yields with lower fuel and fertilizer costs. In the livestock farm, the application of nitrogen-fixing cover crops reduces the need for mineral fertilizers and improves soil fertility. In the perennial crop farm, drip irrigation and inter-row grassing improve water efficiency and reduce soil erosion. The aggregated results from the case studies show that sustainable practices are effective in both economic and environmental dimensions. The results from Case Study 1 are presented in the following table:
Table 24. Values of environmental efficiency indicators under conventional and sustainable production models — Case 1: Industrial grain farm, Northeast region (BG33)"
	Indicator
	Conventional Model
	Sustainable Model
	Change (%)

	N (kg/ha)
	185
	135
	-27.03

	E (BGN/ha)
	310
	270
	-12.9

	CI (kg CO₂-eq/t)
	215
	160
	-25.6


Source: Own calculations
Similar results are also observed in Case Study 2 (livestock farm, North Central region):
Table 25. Values of environmental efficiency indicators under conventional and sustainable production models — Case 2: Livestock farm, North Central region (BG32)
	Indicator
	Conventional Model
	Sustainable Model
	Change (%)
	Interpretation

	F (kg/head)
	3,650
	3,200
	-12.3
	Reduced feed

	W (m³/head)
	15.5
	12.2
	-21.3
	Lower water consumption

	WP (t/m³)
	0.045
	0.059
	31.1
	Increased water productivity

	EE (BGN/EI)
	2.1
	2.94
	40
	Increased environmental efficiency

	ΔEE
	—
	1.4
	40
	Clear positive dynamics


Source: Own calculations
The same trend is also confirmed in Case Study 3 (perennial crop farm, Southeast region):
Table 26. Values of environmental efficiency indicators under conventional and sustainable production models — Case 3: Perennial crop farm, Southeast region (BG34)
	Indicator
	Conventional Model
	Sustainable Model
	Change (%)
	Interpretation

	W (m³/ha)
	2,400
	1,850
	-22.9
	Significant water savings

	P (int./ha)
	16.3
	11.5
	-29.4
	Reduced chemical load

	ΔSOM (%)
	-0.7
	0.5
	1.2
	Improved soil health

	Synthetic EI (norm.)
	0.84
	0.58
	-30.9
	Composite pressure index

	EE (BGN/EI)
	2.62
	4.4
	67.9
	Very strong increase in efficiency

	ΔEE
	—
	1.68
	68
	Strongly positive change


Source: Own calculations
The next part of the chapter is dedicated to the analysis of sustainable practices for increasing economic efficiency through a survey and focus groups. The general characteristics of the surveyed farms are presented in the following table:
Table 28. General characteristics of the surveyed farms
	Indicator
	Category/Response
	Count
	Share (%)

	Farm size
	Micro (up to 5 ha)
	13
	14.1

	
	Small (5–20 ha)
	17
	18.5

	
	Medium (20–100 ha)
	20
	21.7

	
	Large (100–500 ha)
	24
	26.1

	
	Very large (over 500 ha)
	18
	19.6

	NUTS-2 Region
	Northwest (BG31)
	14
	15.2

	
	North Central (BG32)
	16
	17.4

	
	Northeast (BG33)
	15
	16.3

	
	Southwest (BG41)
	14
	15.2

	
	South Central (BG42)
	18
	19.6

	
	Southeast (BG34)
	15
	16.3

	Specialization
	Field crops
	33
	35.9

	
	Horticulture
	6
	6.5

	
	Viticulture
	4
	4.3

	
	Permanent crops
	5
	5.4

	
	Dairy farming
	9
	9.8

	
	Other grazing livestock
	7
	7.6

	
	Intensive livestock farming
	6
	6.5

	
	Mixed farming
	22
	23.9

	Legal form
	Agricultural producer
	47
	51.1

	
	Cooperative
	20
	21.7

	
	Commercial company
	25
	27.2


Source: Own calculations
The results show that the level of awareness among Bulgarian farmers regarding the Green Deal is still low. The main barriers to the implementation of sustainable practices are related to high initial costs, lack of access to appropriate machinery and technologies, insufficient information and training, as well as a lack of economic incentives. The degree of applicability of the different sustainable practices is shown in the following table:
Table 34. Applicability of sustainable practices
	Practice
	Count
	Share (%)

	Minimum tillage
	26
	28.30%

	Use of cover crops
	21
	22.80%

	Use of inhibited fertilizers
	18
	19.60%

	Precision agriculture
	8
	8.70%

	Integrated pest management
	5
	5.40%

	Optimized irrigation
	4
	4.30%

	Organic farming
	3
	3.30%

	Carbon farming
	2
	2.20%

	Construction of wetlands/ponds
	2
	2.20%

	Hedgerows
	0
	0.00%

	Buffer strips
	0
	0.00%

	Mosaic farming
	0
	0.00%

	Contour farming
	0
	0.00%

	Agroforestry
	0
	0.00%


Source: Own calculations
More than half of the respondents indicate that they would invest in sustainable practices only if subsidies cover at least 50–75% of the costs. The willingness to invest in sustainable practices is presented in the following table:
Table 35. Willingness to invest in sustainable practices
	Response
	Count
	Share (%)

	Ready to invest immediately
	11
	0.12

	Would invest with a 50% subsidy
	33
	0.359

	Only if the subsidy covers over 75%
	25
	0.272

	Will not invest, even with support
	7
	0.076

	Not enough information to decide
	16
	0.174


Source: Own calculations
This indicates that financial support remains a key factor for the success of the transition to sustainability. The results from the focus groups confirm the survey data and reveal additional nuances. Participants emphasize that the lack of a clear and long-term vision for state support creates uncertainty and hinders investment planning. At the same time, they express a readiness for change if they receive appropriate technical and financial support, as well as better access to advisory services. The need for training tailored to the specifics of different regions and types of farms is mentioned particularly often.
An important place in the analysis is occupied by the results of the SWOT analysis. The main strengths, weaknesses, opportunities, and threats identified by the participants in the survey and focus groups are summarized in the following SWOT matrix:
Table 54. Results from the SWOT analysis
	STRENGTHS
	WEAKNESSES

	• Many years of practical and management experience of farmers
	• High production costs (materials, labor, energy)

	• Availability of modern machinery and storage facilities
	• Lack of own land and high rents

	• Stable commercial relations and market network
	• Shortage of qualified workforce

	• Application of sustainable practices such as No-till, cover crops, inhibited fertilizers
	• Dependence on subsidies as the main source of income

	• Diversification through combined production (crop and livestock farming)
	• Lack of implementation and interest in agro-ecological practices (agroforestry, buffer strips, etc.)

	• Access to innovations and implementation of precision technologies
	• Information deficit regarding good practices, access to technologies and consulting

	OPPORTUNITIES
	THREATS

	• Financial support through CAP, RDP and national programs
	• Increased production costs associated with environmental requirements

	• Technological renewal through precision and digital agriculture
	• Regulatory pressure, administrative burden and inconsistencies in the regulatory framework

	• Improved resilience to climate change through adapted agronomic practices
	• Reduced farm efficiency due to restrictions on fertilizers and pesticides

	• Access to new markets through ecological certification
	• Political and programmatic uncertainty – instability of support and frequency of rule changes

	• Cost reduction through resource efficiency and closed loops
	• Unequal distribution of resources – difficult access for small and medium-sized farms

	• Increased soil fertility and agro-ecological benefits with long-term application of sustainable technologies
	• Limited access to market information, specialized training and carbon mechanisms

	• Development of new financial instruments (carbon credits, green investments)
	• Risk of market imbalance and reduced competitiveness compared to agricultural systems outside the EU with lower requirements


Source: Own calculations.
Conclusions from Chapter Three:
Chapter Three reveals the complex picture of the economic and environmental efficiency of Bulgarian agricultural farms. The results show that efficiency differs significantly depending on the size and specialization of the farms, that sustainable practices can simultaneously increase economic and environmental indicators, and that the transition to the Green Deal requires a differentiated approach, taking into account the heterogeneity of the sector. The chapter creates an empirical basis for formulating specific guidelines and recommendations, which are developed in the fourth chapter of the dissertation.
[bookmark: _Toc229127775]CHAPTER FOUR: APPLICABLE DIMENSIONS AND RECOMMENDATIONS FOR INCREASING THE ECONOMIC AND ENVIRONMENTAL EFFICIENCY OF AGRICULTURAL FARMS UNDER THE CONDITIONS OF THE EU GREEN DEAL
The fourth chapter of the dissertation presents the applicable dimensions and specific recommendations for increasing the economic and environmental efficiency of Bulgarian agricultural farms under the conditions of the Green Deal. The chapter integrates the results of the stochastic scenario model, the correlation and determination analysis, as well as the conceptual linking of empirical data with the Green Deal policies. Special attention is paid to the formulation of differentiated directions for adaptation, tailored to the size and specialization of the farms. The chapter is structured into four main parts: results of the stochastic scenario model, results of the correlation analysis, conceptual linking with the Green Deal policy, and differentiated directions for increasing efficiency. 
The first part of the chapter is dedicated to the results of the stochastic scenario model regarding the use of mineral fertilizers under the conditions of the Green Deal. The model is developed under three scenarios, aligned with the quantitative targets of the "Farm to Fork" strategy. The baseline scenario assumes maintaining the current dynamics in the use of mineral fertilizers. The scenario with moderate reduction reflects the achievement of the Green Deal target parameters, while the scenario outpacing the Green Deal parameters foresees a more significant reduction in fertilizer use, exceeding the targets set in the strategy. The results show that under all scenarios, a decrease in the total use of mineral fertilizers is expected by 2030, but with varying intensity. Under the scenario outpacing the Green Deal parameters, the reduction reaches 35–40% compared to 2022 levels, while under the baseline scenario, the decrease is more moderate — around 15–20%. Under the scenario with moderate reduction, a decline of approximately 25–28% is expected. These results are of great importance because they show that the Green Deal targets are achievable but require significant adaptation efforts on the part of Bulgarian farmers. The dynamics of mineral fertilizer use according to the stochastic scenario model are illustrated in the following graph:
Figure 18. Results of the stochastic scenario model for the use of mineral fertilizers in Bulgaria, 2007–2030
[image: ]
Source: Own calculations.
A similar model was also developed for the use of veterinary antibiotics. The results show a more moderate downward trend, which is due to the weaker regulatory impact on this indicator compared to mineral fertilizers. Under the ambitious scenario, a reduction of about 25–30% is expected by 2030. This is important because it shows that in the livestock sector, the transition to stricter environmental requirements can be smoother, but it still requires targeted measures to reduce the use of antibiotics. The dynamics of veterinary antibiotic use are presented in the following graph:
Figure 19. Results of the stochastic scenario model for the use of veterinary antibiotics in Bulgaria, 2007–2030
[image: ]Source: Own calculations.
The second part of the chapter is dedicated to the results of the correlation and determination analysis of the relationship between the number of farms and the use of mineral fertilizers. The analysis establishes a strong positive correlation between the two indicators for the period 2007–2022. This means that a decrease in the number of farms leads to a proportional decrease in the total use of mineral fertilizers. The correlation coefficient is statistically significant and shows that about 70–75% of the variation in fertilizer use can be explained by changes in the number of farms. This result indicates that the process of consolidation in Bulgarian agriculture, which is expected to accelerate under the conditions of the Green Deal, will lead to a natural reduction in the total use of fertilizers. The results of the correlation and determination analysis are summarized in the following table:
Table 73. Summary results of the correlation and determination analysis
	Indicator
	Value
	Interpretation

	Pearson correlation coefficient (r)
	-0.6699
	Strong inverse correlation

	Coefficient of determination (R²)
	0.4488
	~45% of the variation in the number of farms is explained by fertilizer use

	Regression coefficient (β)
	-0.000126 thousand farms/t
	At +1,000 t of fertilizers → -0.126 thousand farms

	Critical value (r crit., α=0.05, n=16)
	0.497
	The relationship is statistically significant

	Observation period
	2007–2022
	16 annual observations


Source: Own calculations.
The forecast for the number of farms, under different scenarios until 2030, shows that under the ambitious scenario, the number of farms could decrease by about 25–30% compared to 2022. This has important implications for the structural consolidation of the sector and for the distribution of CAP support. Smaller farms that fail to adapt to the new requirements will likely be forced to cease operations or merge into larger structures. Crucially, the reduction in the number of farms does not automatically lead to a proportional reduction in production if larger and more efficient farms increase their share in total output. This creates an opportunity for structural consolidation of the sector while maintaining food security. At the same time, however, there is a risk of social consequences related to reduced employment in rural areas and land abandonment in less productive regions. The fourth part of the chapter is dedicated to the differentiated directions for increasing the economic and environmental efficiency of agricultural farms according to their size and specialization. The general principles of differentiated adaptation are based on the understanding that there is no universal solution for all types of farms. An approach is needed that takes into account the specific challenges and opportunities of each group, as well as the regional specifics of soil and climatic conditions. For farms specializing in field crops (TF1), the main directions include expanding the application of precision agriculture, inhibited nitrogen fertilizers, and cover crops. These practices allow for a significant reduction in the use of fertilizers and pesticides while maintaining yields. Particularly important is the introduction of precision fertilization systems, which reduce nitrogen losses and the risk of water pollution. For farms specializing in horticulture, viticulture, and permanent crops (TF2, TF3, TF4), drip irrigation, integrated pest management, and inter-row grassing are priorities. These practices improve water efficiency and reduce erosion, which is especially important in the context of increasingly frequent droughts. For farms specializing in dairy and intensive livestock farming (TF5, TF7), the main directions are related to improving feed efficiency, reducing the use of veterinary antibiotics, and introducing precision feeding systems. For farms specializing in grazing livestock (TF6), the priority is pasture maintenance and the introduction of agroforestry practices. For mixed crop-livestock farms (TF8), an integrated approach combining elements of crop and livestock farming is recommended. For farms according to economic size (classes I–VI by Standard Output - SO), differentiated support is recommended. Larger farms (classes V–VI) can focus on technological modernization and precision agriculture, while small and medium-sized farms (classes I–IV) need stronger financial and advisory support to implement sustainable practices. This differentiated approach is key to the successful implementation of the Green Deal in Bulgarian conditions, as it takes into account the realistic capabilities of different types of farms.
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This dissertation represents a comprehensive study of the role of sustainable practices in enhancing the economic and environmental efficiency of Bulgarian agricultural holdings within the context of the EU Green Deal. The work is built upon a theoretical foundation, a holistic methodological toolkit, and an empirical database covering both macroeconomic FADN data for the period 2007–2023 and primary data from surveys, focus groups, and case studies conducted in 2024–2025. In the first chapter, the theoretical and conceptual framework of the study is established. The historical evolution of the understanding of the role of land in economic theory is traced—from the classical school to modern concepts of sustainable development. Special attention is paid to the Green Deal as a paradigm that places economic and environmental efficiency at the heart of the future development of European agriculture. The main sustainable practices—precision farming, integrated pest management, inhibited fertilizers, cover crops, and no-till farming—are examined, justifying the need for a differentiated approach to their application in Bulgarian conditions. The second chapter is dedicated to the methodological design of the research. An integrated toolkit combining quantitative and qualitative methods has been developed: RCA, stochastic modeling, correlation and determination analysis, survey research, focus groups, SWOT analysis, and case study analysis. The methodology was validated in three real-world holdings of different sizes and specializations and proved its applicability for assessing efficiency under Green Deal conditions. The third chapter presents the empirical results of the economic and environmental efficiency analysis. Through the application of RCA, it was found that the efficiency of Bulgarian agricultural holdings is characterized by significant heterogeneity, depending on economic size and production specialization. Holdings specializing in field crops achieve high economic efficiency at the expense of lower environmental efficiency. Conversely, holdings with mixed specialization and permanent crops show a better balance between the two indicators. The analysis of dynamics for the period 2007–2023 reveals a steady trend of efficiency growth among larger holdings and a lagging behind of small and medium-sized ones. The results of the survey research and focus groups show that the level of awareness among Bulgarian farmers regarding the Green Deal is still low. The main barriers to the implementation of sustainable practices are related to high initial costs, lack of machinery and technology, insufficient information, and a lack of financial incentives. The SWOT analysis reveals that the sector's strengths are linked to experience and trade relations, while weaknesses are primarily financial and infrastructural. The case study analysis of the three holdings confirmed that the application of sustainable practices leads to a simultaneous increase in both economic and environmental efficiency. These results have important practical significance, as they demonstrate that the transition to the Green Deal can be economically beneficial with the correct choice of practices and adequate support.
In the fourth chapter, applicable dimensions and specific recommendations are formulated. The results of the stochastic scenario model show that the targets of the "Farm to Fork" strategy for reducing fertilizer use are achievable but require significant adaptation efforts. The correlation analysis established a strong positive dependence between the number of holdings and the use of mineral fertilizers, which is vital for the structural consolidation of the sector. Differentiated adaptation directions are formulated according to production specialization (TF1–TF8) and economic size (Classes I–VI by SO). For field crops, expanding precision farming and inhibited fertilizers is recommended; for permanent crops—drip irrigation and integrated pest management; for livestock farming—improving feed efficiency and reducing antibiotics. Small and medium-sized holdings require stronger financial and advisory support, while larger ones can focus on technological modernization.
The study confirmed the central thesis that the Green Deal opens opportunities for increasing the economic and environmental efficiency of Bulgarian agricultural holdings by promoting sustainable practices. All four research hypotheses were confirmed: efficiency differs significantly according to typology and size (H1), sustainable practices simultaneously increase economic and environmental efficiency (H2), the Green Deal will lead to a reduction in chemical fertilizer use (H3), and the application of validated practices leads to greater efficiency than the expected reduction in the number of holdings (H4). The dissertation proposes an integrated framework for efficiency assessment that can be utilized by researchers and institutions. The formulated differentiated recommendations provide an evidence-based foundation for adapting the National Strategic Plan for Agricultural and Rural Development to the requirements of the Green Deal. The work contributes to a better understanding of the challenges and opportunities facing Bulgarian agriculture under structural transformation and creates a basis for future research in the field of sustainable development in the agrarian sector.
[bookmark: _Toc229127777]SUMMARY OF THE MAIN SCIENTIFIC AND SCIENTIFIC-APPLIED CONTRIBUTIONS OF THE DISSERTATION
Scientific Contributions:
· Developed an integrated methodological framework for the simultaneous assessment of the economic and environmental efficiency of agricultural holdings, synthesizing data from FADN, case studies, surveys, and focus groups. This framework enables a complex analysis of efficiency under Green Deal conditions and can be applied in future research within the field of agrarian economics.
· Conducted a systematic differentiated assessment of the economic and environmental efficiency of Bulgarian agricultural holdings for the period 2007–2023, categorized by economic size (six classes by Standard Output - SO) and production specialization (eight farming types according to FADN typology). Significant differences in efficiency between various groups of holdings were established, and the key factors determining these differences were identified.
· Developed an econometric stochastic scenario model for the use of mineral fertilizers and veterinary antibiotics until 2030, aligned with the target parameters of the "Farm to Fork" strategy. The model reveals the expected effects of regulatory requirements on the structure of Bulgarian agriculture and is linked with a correlation and determination analysis of the dependence between the number of holdings and the use of mineral fertilizers.
Scientific-Applied Contributions:
· Developed a methodology for the evaluation and comparison of sustainable practices, validated in three real agricultural holdings of different sizes, specializations, and locations. The methodology allows for the measurement of the specific impact of these practices on economic and environmental efficiency and can be utilized by advisory organizations and farmers.
· Demonstrated that the application of precision farming, integrated pest management (IPM), and inhibited nitrogen fertilizers in the analyzed holdings generates measurable economic benefits while simultaneously reducing the environmental pressure on the production environment. These practices are established as applicable and economically viable tools for transformation toward the requirements of the Green Deal.
· Formulated specific differentiated recommendations for policies and best practices, structured by eight types of production specialization (TF1–TF8) and by the economic size of the holdings (Classes I–VI by Standard Output - SO).
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