Advancement of the Ecosystem of Entrepreneurial Structures within the Agricultural Sector within the Paradigm of an Innovative Economy
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Abstract 
The purpose of the study was to assess the impact of the level of digitalization and investments in agritech on the functioning and effectiveness of business entities in the agricultural sector. The study used methods of comparative analysis, time-series analysis, integral indexing and multiple regression. It was found that over the period from 2015 to 2025 the level of digitalization of agricultural enterprises increased significantly in all the countries under analysis: in Ukraine – from 12% to 63%; in Moldova – from 8% to 53%; in Poland – from 24% to 75%. Similarly, investments in agritech and the level of innovative activity increased, which positively affected labor productivity (in Ukraine - from 5.2 to 10.4 thousand USD per employee). The results of the regression analysis confirmed the high impact of digitalization (β=0.38-0.41), investment (β=0.29-0.45) and digital infrastructure (β=0.22-0.31) on labor productivity in agricultural production. The calculation of the integral index of innovation activity showed its stable growth in all the studied countries. In Ukraine, its value increased from 18.2 in 2015 to 61.9 in 2025, in Moldova – from 15.6 to 55.8; in Poland – from 39.4 to 86.7. The obtained data confirm the gradual transition to an innovation-oriented model of the agricultural sector development and growing importance of digital technologies and investment support. The results can be used to improve the state policy of supporting agricultural startups and the digital transformation of agriculture. The practical significance of the study lies in the possibility of using its results to substantiate and improve state policy to support agricultural startups, digitalization of agriculture and development of digital infrastructure to increase the agricultural sector efficiency.
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Introduction 
The development of agricultural structures is a key driver of sectoral transformation under the influence of digitalization, investment activity, and technological changes. Overall, agriculture is gradually moving from a resource-oriented model toward an innovative-digital one, where the introduction of digital technologies, the advancement of agricultural technologies (agritech) and the improvement of digital infrastructure play a decisive role (Tomashuk et al., 2024). Consequently, a new model of agricultural development is emerging, where entrepreneurial structures act as the main carriers of innovation. Agricultural enterprises, startups and innovation initiatives ensure the implementation of digital solutions, such as precision farming systems, robotic production management technologies, Big Data analytics and other agritech solutions. Combined with investments in technological modernization, they form an innovative ecosystem that includes business, financial institutions and state support mechanisms (Burkinsʹkij et al., 2022). At the same time, the effectiveness of this ecosystem depends on the level of digital infrastructure, the availability of financing and institutional support for innovation activities (Zhao et al., 2023).
An important element in the development of the agricultural ecosystem is the cultivation of an innovation culture and digital competencies of agricultural market participants. This includes not only technological modernization of production, but also the development of management skills, the ability to use digital tools and integration into innovation networks (Farooq et al., 2020). In this context, human capital, digital literacy level and access to modern infrastructure are essential conditions for increasing labor productivity and overall efficiency of the agricultural sector (Gadzalo et al., 2021).
The purpose of the study is to assess the impact of the digitalization level, agritech investments and digital infrastructure development on the characteristics of economic entities in the agricultural production sector across Ukraine, Moldova and Poland from 2015 to 2025.
Research objectives:
· to analyze the dynamics of digitalization of the agricultural sector;
· to investigate the volume of investments in agritech;
· to calculate the integral index of innovative activity;
The research hypothesis posits that the rising level of agricultural digitalization, increased investments in agritech and the development of digital infrastructure have a positive impact on labor productivity in the agricultural sector.
The scientific novelty lies in a comprehensive comparative analysis of the impact of digitalization, investments in agritech and digital infrastructure on labor productivity in the agricultural sectors of Ukraine, Moldova and Poland during the 2015–2025 period.
The issues of agricultural startup development, digitalization, and the innovative transformation of the agricultural sector are actively studied in the scientific literature, especially in the context of forming innovative ecosystems and increasing the efficiency of agricultural production. In general, scientific approaches are consistent regarding the determining role of innovations, but differ in their interpretation of the mechanisms of their influence on economic results, in particular, labor productivity and the efficiency of the agricultural sector. In the modern conditions of globalization and increased competition, digital technologies are becoming one of the key factors in ensuring the competitiveness of agricultural production. That is why researchers are paying growing attention to studying the relationship between the level of digitalization, innovative activity, and the economic performance of agricultural enterprises. Thus, Ye. Holysheva (2021) and M. Pita (2021) emphasize the importance of the cluster approach as the basis for the development of agricultural entrepreneurship, which is premised on the interaction of business, science, and the state. Similar results were obtained by I. Cuadros-Casanova et al. (2023), who, using the example of Poland, prove the effectiveness of cluster structures in stimulating innovation and increasing the productivity of the agricultural sector through institutional support and access to investment. Ultimately, it is the cluster model that creates favorable conditions for the rapid spread of innovations, the formation of partnerships, and increasing the investment attractiveness of the agricultural sector.
A separate area of ​​research concerns digitalization and the development of agritech ecosystems. R. Birner (2021) defines digital technologies as a key driver of the transformation of agriculture, which includes precision agriculture, automation, and the use of data analytics. A similar position is taken by V. Turețchi and T. Turețchi (2023), who consider agricultural startups as a basic element of the innovation ecosystem, which ensures the technological renewal of the sector and increases its efficiency. The works of these authors emphasize that the development of agritech startups contributes to accelerating the implementation of modern technologies, attracting investments, and forming new business models in agriculture.
An important place in the literature is occupied by the issue of the impact of digital technologies on labor productivity and the optimization of production processes. In particular, the use of precision farming systems, GPS monitoring, automated machinery control systems, and unmanned technologies allows for an increase in the efficiency of resource use and a reduction in production costs. According to L. Sieczko (2021), digitalization contributes not only to economic growth, but also ensures the environmental sustainability of agricultural production by reducing the excessive use of fertilizers, pesticides, and fuel and energy resources. At the same time, D. Kobets (2025) and K. Dumanska (2021) emphasize that in countries with economies in transition, in particular in Ukraine, the digitalization of the agricultural sector is limited by an inadequate level of infrastructure, poor access to financing, and low institutional support, which hinders the impact of innovations on labor productivity. The problems of uneven access to digital technologies between large agricultural holdings and small farms remain particularly relevant. Researchers emphasize that without proper government support and investment in the development of digital infrastructure, the process of the digital transformation of the agricultural sector will proceed slowly.
Additionally, Gascuel-Odoux et al. (2022) emphasize the role of digital technologies (IoT, big data, blockchain) in increasing the efficiency of agricultural supply chains, reducing resource losses, and increasing market transparency. However, the effectiveness of these technologies, as researchers note, depends on the level of digital literacy and the development of digital infrastructure. The introduction of blockchain technologies, for example, ensures transparency in the movement of products from producer to consumer, increasing trust in agricultural products and improving quality control.
In addition, modern research emphasizes the importance of human capital in digital transformation processes. Thus, scientists note that even with the availability of modern technologies, the effectiveness of their use largely depends on the professional training of employees and the level of their digital competencies. That is why educational programs aimed at training specialists in the field of digital agribusiness and innovation management are becoming increasingly important (Guth et al., 2020; Zolkover et al., 2020).
Despite significant scientific achievements, the complex impact of digitalization, investments in agritech, and the development of digital infrastructure on labor efficiency in the agricultural sector remains insufficiently studied. Comparative aspects of the digital transformation of agricultural systems in countries with different levels of institutional development, in particular, Ukraine, Moldova, and Poland, have also been studied to a limited extent. The mechanisms for state stimulation of innovative activity, support for agricultural startups, and the formation of effective models of interaction between business, science, and the state require further analysis.
Therefore, there is an ongoing discussion about the importance of digitalization and innovation in the development of the agricultural sector. At the same time, a gap between technologically oriented and institutional-economic approaches has been identified. This justifies the need for a comprehensive analysis of the relationship between digitalization, investment, and labor efficiency.
The practical significance of the study lies in the possibility of using its results to formulate an effective policy for the digital transformation of the agricultural sector and support for agritech startups. The conclusions obtained can be applied by agricultural enterprises, farms, investors, and government agencies to increase labor productivity through the introduction of innovative technologies. The results of the study can also be useful for developing strategies for the digital development of agricultural enterprises, improving mechanisms for state support for innovation, and stimulating investment activity in the field of agricultural technologies. In addition, the study materials can be used in the educational process of higher education institutions when training specialists in agricultural economics, management, and digital agribusiness.

Materials and methods 
Research procedure
The research procedure included several consecutive stages: the collection and systematization of statistical data from official national and international sources. Data were collected by analyzing official statistical reports, analytical materials, and international information platforms for the period 2015–2025. After collecting the information, it was verified, grouped, and harmonized across indicators to ensure comparability between countries. Data processing was carried out using statistical analysis methods, in particular, comparative analysis, trend analysis, and multiple regression. To assess the level of innovative development, an integral index of innovative activity was calculated based on the standardization and generalization of key indicators of digitalization, investment activity, and the development of digital infrastructure. The final stage was the generalization and interpretation of the results obtained in order to determine the impact of digitalization and innovation on the development of the agricultural sector and labor productivity.

Object and territory of the study
Territorially, the study covers three countries: Ukraine, the Republic of Moldova, and Poland. The choice of these countries is due to the need to compare models of agricultural sector development in the conditions of different levels of integration into the European economic and institutional space, as well as differences in the level of digitalization and innovative activity. Ukraine and Moldova belong to the group of candidate countries for accession to the European Union and are simultaneously participants in the European Neighborhood Policy and the Eastern Partnership, while Poland is a full member of the EU with an established system of support for the innovative development of the agricultural sector. This approach allows for a comparative analysis of transformation processes in countries with different levels of institutional integration and different mechanisms of state support for the digitalization of agriculture.
The criteria for including countries in the sample were: a significant role of the agricultural sector in the national economy; the availability of official statistical information on digitalization, agritech investments, and labor productivity; participation in European integration processes; the similarity of historical and economic conditions of transformation in the agricultural sector; as well as the geographical and economic proximity of the countries. An important criterion was also the ability to trace different models of state policy in the field of digital transformation and support for innovative entrepreneurship in the agricultural sector.

Data sources
The study is based on the comprehensive use of statistical and analytical materials that reflect the processes of digitalization and innovative development of the agricultural sector of Ukraine, Moldova and Poland during 2015-2025. In particular, analytical reports of international organizations and national statistical services were used, which provide an empirical basis for research on the digitalization of the agricultural sector and the development of agritech ecosystems. In particular, the following key official publications were used: 
· FAO – The State of Food and Agriculture (2022);
· OECD – The Digitalisation of Agriculture (2022);
· World Bank Data (2015-2025);
· Eurostat Data (2015-2025);
· FAOSTAT (2015-2025); 
· State Statistics Service of Ukraine, Moldova and Poland. 
Statistical information was collected through a targeted selection of indicators from official electronic databases and reports for the period 2015–2025. Searches in international databases (FAOSTAT, World Bank Data, Eurostat, OECD Data Explorer) were conducted using key queries: “digital agriculture”, “ICT in agriculture”, “agritech investment”, “rural broadband access”, “agricultural labor productivity”, “precision farming”, and “innovation in agriculture”.
The following categories were used in national statistical databases: “innovative activity”, “agriculture”, “information and communication technologies”, “digitalization of the economy”, “capital investments”, and “broadband Internet in rural areas”.
Particular attention was paid to data on the level of implementation of digital technologies in agriculture, the dynamics of investments in agritech, labor productivity in the agricultural sector, and the development of digital infrastructure in rural areas.

Methods of data processing and analysis
The methodological basis of the study combines quantitative and qualitative methods of analysis aimed at assessing the level of digitalization and innovative development of the agricultural sector of Ukraine, Moldova, and Poland. To identify the main trends in the development of the agricultural sector during 2015–2025, the descriptive statistics method was used, which allowed for the analysis of the dynamics of implementing digital technologies, investments in agritech, labor productivity, and the development of broadband Internet in rural areas.
Comparative analysis was used to identify differences between countries in terms of the level of digitalization, investment activity, the development of digital infrastructure, and the effectiveness of innovative modernization of the agricultural sector. This made it possible to assess the specifics of national models of digital transformation of agriculture and determine the features of state support for innovative development.
To summarize the results of the innovative transformation of the agricultural sector, an integral innovation activity index (IAI) was calculated, which takes into account the level of digitalization, startup activity, innovative investments, and the development of digital infrastructure in rural areas. The index was determined by the formula:


where:
· D – the level of digitalization of the agricultural sector (%), calculated as the share of agricultural enterprises using digital technologies (GPS monitoring, IoT solutions, ERP systems, precision farming systems, digital production management platforms) in the total number of agricultural enterprises.
· S – the startup activity (number of agricultural/agrifood startups per 1 million population), calculated as the ratio of the number of registered agritech startups to the country's population.
· I – the level of innovative investments (million USD per year, in the agricultural sector), determined as the sum of venture investments, private capital, government grants and international financing directed at agritech.
· R – the development of digital infrastructure of rural areas (% of the rural population with access to broadband Internet), calculated as the share of the rural population that has access to broadband Internet with a speed not lower than the OECD baseline threshold.
Regression analysis was used to assess the impact of digitalization and investment activity on the efficiency of agricultural production. In the model, the dependent variable was labor productivity in the agricultural sector, and the independent variables were the level of implementation of digital technologies, the volume of investments in agritech and the level of broadband Internet coverage in rural areas. The multiple regression model has the form:


where:
· Y – the labor productivity in the agricultural sector (thousands of US dollars per employee)
· X1 – the level of implementation of digital technologies (%);
· X2 – the investments in agritech 9 million US dollars per year);
· X3 – the level of broadband Internet coverage in rural areas (%);
· β0 – the model constant;
· β1,β2,β3 – the regression coefficients;
· ε – the random error.
Econometric calculations and the construction of multiple regression models were carried out using the software packages IBM SPSS Statistics 26 and Microsoft Excel (Data Analysis ToolPak). Pre-processing of data, calculation of integral indices and the formation of time series were performed in Microsoft Excel. The estimation of regression model parameters, verification of the statistical significance of coefficients and the calculation of coefficients of determination (R²) were carried out in IBM SPSS Statistics 26 using the standard Linear Regression tool.
The use of these methods allowed for a comprehensive assessment of the trends of digital transformation of the agricultural sector, identification of key factors of innovative development and determination of the features of the formation of an innovative model of agriculture in the studied countries.
Results 
The level of digitalization of the agricultural sector is one of the determining factors in the formation of a competitive and innovation-oriented agriculture. An analysis of the dynamics of the introduction of digital technologies during 2015–2025 indicates a gradual strengthening of the role of digital solutions in the functioning of agricultural enterprises in Ukraine, Moldova, and Poland. In Ukraine, the share of agricultural enterprises using digital technologies increased from 12% in 2015 to 63% in 2025, representing an increase of more than five times. Particularly active growth has been observed after 2020, when digitalization became one of the key tools for supporting the efficiency of agricultural production in the conditions of economic instability and military challenges. In Moldova, the indicator increased from 8% to 53%, which also indicates a high pace of digital transformation, although the overall level of technological support remains lower compared to Poland. Poland demonstrates the most stable and systematic model of development in the digital agricultural sector: the level of digitalization has increased from 24% to 75%. At the same time, even in Poland, not all agricultural enterprises have full access to modern digital technologies, which indicates the persistence of certain structural barriers in the small farming sector (Figure 1).

[Figure 1]

The activation of digitalization is directly related to the growth of investments in the agritech sector, since the implementation of modern technologies requires significant financial resources and the development of innovative infrastructure. The analysis of investment dynamics demonstrates a significant increase in the financing of agritech solutions in all studied countries. In Ukraine, the volume of investments in agritech increased from 18 million USD in 2015 to 145 million USD in 2025. Despite this positive dynamics, the volume of investments remains significantly lower compared to Poland, which is associated with high investment risks, the instability of the economic environment, and insufficient development of the domestic venture market. In Moldova, investments increased from 5 million USD to 44 million USD (Fig. 2).
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The growth in investment and digital modernization of the agricultural sector has a positive impact on labor productivity, which is an important indicator of the efficiency of human capital and technological potential. During the study period, labor productivity in Ukraine increased from 5.2 thousand USD per employee in 2015 to 10.4 thousand USD in 2025. This growth indicates a gradual increase in the technological level of agricultural production and the automation of production processes. In Moldova, the indicator increased from 3.4 to 6.5 thousand USD, which also confirms the positive impact of innovative activity, although limited financial resources and a weak infrastructure base are holding back the pace of development. Poland demonstrates the highest level of labor productivity — an increase from 12.1 to 19.5 thousand USD per employee. At the same time, the gradual slowdown in growth rates in 2023–2025 may indicate an approach to the limit of extensive technological growth and the need to transition to more complex innovative development models (Table 1).

[Table 1]

An important factor in ensuring the innovative development of the agricultural sector is the availability of digital infrastructure in rural areas, primarily broadband Internet. It is the development of digital infrastructure that creates the conditions for the use of remote monitoring systems, digital production management platforms, online services, and e-commerce. In Ukraine, the level of broadband Internet coverage in rural areas increased from 38% in 2015 to 83% in 2025, which indicates a significant reduction in the digital gap between the city and the countryside. However, the problem of uneven access to high-quality Internet in certain regions remains relevant, especially in the conditions of military damage to infrastructure. In Moldova, the indicator increased from 42% to 85%, which confirms the intensification of state and international programs for the digital development of rural areas. Poland demonstrates the highest level of digital accessibility — 96.2% in 2025, which actually ensures full coverage of rural areas with modern digital infrastructure. At the same time, even with a high level of coverage, the problem of the effective use of digital technologies and training remains relevant for all countries (Table 2).

[Table 2]

To summarize the results of the digital transformation of the agricultural sector, it is advisable to use the integral index of innovation activity, which takes into account the level of digitalization, startup activity, the volume of innovation investments, and the development of digital infrastructure. The results of the calculations demonstrate steady growth in innovation activity in all countries. In Ukraine, the index value increased from 18.2 in 2015 to 61.9 in 2025, which indicates the gradual formation of an innovative model of agricultural development. In Moldova, the indicator increased from 15.6 to 55.8, which confirms the transformation of the agricultural sector, although a dependence on external financing is manifested in the high share of international grants and technical assistance programs in the structure of innovation investments. This increases the vulnerability of the innovation system to changes in external donor financing. The highest values ​of the innovation activity index are characteristic of Poland — from 39.4 to 86.7, which reflects a high level of institutional support, the efficiency of the innovation ecosystem, and the active involvement of private capital. At the same time, even in Poland there is a partial dependence on EU funding within the framework of the Common Agricultural Policy, but it is stabilizing in nature and does not create critical risks for the development of the sector. At the same time, the results obtained show that even high index values ​​​​do not guarantee full resilience of the agricultural sector to external economic and geopolitical risks, which highlights the need for further improvement of mechanisms for supporting innovation and human capital development (Table 3).

[Table 3]

Further analysis was aimed at determining the impact of digitalization and innovation activity on labor productivity in the agricultural sector. For this purpose, the multiple regression method was used, where the dependent variable was labor productivity in the agricultural sector, and the independent variables were the level of implementation of digital technologies, investments in agritech and the level of broadband Internet coverage in rural areas. The results obtained indicate a positive relationship between the development of digital infrastructure, innovation activity and the efficiency of agricultural production in all studied countries. For Ukraine, the coefficient of determination of the model was R2=0.994, which indicates a very high level of explanation of the variation in labor productivity by the factors included in the model. The largest positive impact was exerted by the implementation of digital technologies (β=0.41), while investments in agritech also demonstrated a significant positive effect (β=0.34). The level of broadband Internet development had a moderate positive effect (β=0.26), confirming the importance of digital infrastructure for the modernization of the agricultural sector.
In Moldova, the model also demonstrated a high level of explanatory power (R2=0.987). The most significant factor remained the level of digitalization (β=0.38), while the impact of investments in agritech was somewhat lower (β=0.29). The development of digital infrastructure had a positive, albeit less pronounced effect (β=0.22). This indicates that the technological modernization of agricultural production remains a critically important factor for Moldova.
In Poland, the coefficient of determination reached the highest value among the studied countries (R2=0.998), confirming the high dependence of labor productivity on innovation factors. Investments in agritech had the greatest impact (β=0.45), which is explained by the significant level of private financing of the innovation sector. At the same time, the digitalization of agricultural production also had a significant positive effect (β=0.39), and the development of broadband Internet provided an additional incentive to increase the efficiency of the agricultural sector (β=0.31) (Table 4).

[Table 4]

The results obtained confirm the hypothesis of the study, according to which digitalization, the development of the agritech sector and the improvement of the digital infrastructure have a positive impact on labor productivity and the efficiency of agricultural production. The results of the multiple regression analysis for all the studied countries showed a statistically significant positive relationship between the specified factors and the dependent variable, which is confirmed by high values ​​of the coefficient of determination (R²=0.987–0.998) and positive values ​​of the standardized regression coefficients (β>0 in all cases). Thus, the hypothesis is fully confirmed at the empirical level, taking into account cross-country differences in the influence of individual factors.

Discussion
The obtained empirical results indicate the systemic nature of the impact of the digitalization of the agricultural sector, investments in agritech, and the development of digital infrastructure on increasing labor productivity in Ukraine, Moldova, and Poland. The established high values ​​of the correlation (0.92–0.99) confirm the presence of a close interdependence between the level of technological development of agricultural production and its efficiency, which is consistent with the conclusions of Chis et al. (2025) regarding the determining role of productivity in shaping the competitive advantages of the agricultural sector.
The comparative analysis shows that in Ukraine and Moldova, innovation processes are more dependent on the pace of digitalization, while in Poland the relationships are somewhat weaker (r = 0.92–0.93), which is explained by a high level of institutional stability. This may also be influenced by the transition of the Polish model to a stage where innovation growth is determined not so much by the quantitative growth of startups, but by the quality of the institutional environment and the efficiency of cluster mechanisms.
The results of the regression and comparative analysis are also consistent with the concept of the ecosystem development of agricultural innovations, according to which startups function as key agents of agricultural transformation, but their effectiveness largely depends on institutional support and access to financial resources (Turețchi & Turețchi, 2023; Direkli et al., 2023). In this context, Ukraine demonstrates a relatively high level of innovation activity dynamics due to a combination of international grants and private investments, but its development remains sensitive to institutional and security risks. In Moldova, the prevalence of state funding with limited participation of private capital and underdeveloped infrastructure leads to lower efficiency of transformation processes, which partially restrains the impact of innovations on the productivity of the agricultural sector. In this context, the results are consistent with approaches that emphasize the crucial role of institutional transparency and reforms in shaping the investment attractiveness of the agricultural economy (Belis et al., 2025; Antoci et al., 2025).
Poland, in turn, demonstrates the most balanced development model, based on a combination of private investment, state support, and EU financial instruments. As a result, a high level of stability in innovative development and the effective functioning of agricultural clusters, which act as a key mechanism for integrating science, business, and the state, are ensured (Pawłowski et al., 2024; Czarzasty, 2024). At the same time, a certain slowdown in the pace of innovative growth may indicate a transition to the stage of structural market saturation and the need to strengthen the adaptability of innovation systems to external risks (Wojarska, 2024; Salvador et al., 2021).
The calculated integral index of innovation activity demonstrated steady growth in Ukraine, Moldova, and Poland, confirming the gradual formation of an innovation-oriented model of development in the agricultural sector. The results obtained correlate with the conclusions of K. Eckerberg (2020), who defines the innovation ecosystem as a set of interconnected institutional, technological, and financial elements that ensure the spread of innovations in agriculture. Higher values ​​of the index in Poland confirm the importance of effective state support, a stable institutional environment, and the active involvement of private capital. Ukraine and Moldova are characterized by a gradual increase in innovation potential; however, their pace of development is more sensitive to external economic and political factors.
Thus, the results of the study confirm the conclusions of the modern scientific literature on the decisive role of digitalization in increasing labor productivity and the efficiency of agricultural production. At the same time, the obtained data expand the existing scientific approaches through the cross-country comparison of Ukraine, Moldova, and Poland, demonstrating that the effectiveness of the digital transformation of the agricultural sector depends not only on the implementation of technologies, but also on the level of development of institutional support, the investment environment, and human capital.

Limitations
The study has certain limitations that should be taken into account when interpreting the results: primarily, the use of aggregated data due to the heterogeneity of statistical approaches across different countries, as well as varying levels of completeness and quality of statistical information between Ukraine, Moldova, and Poland. Another limitation is the limited time period of the regression analysis (2015–2025), which does not allow for a full accounting of long-term structural effects and the influence of external factors. In addition, the model does not cover a number of important variables, such as climatic conditions, regional differences, the quality of human capital, and detailed agricultural policies. Furthermore, the use of macro-aggregated indicators does not allow for capturing the micro-level heterogeneity of agricultural enterprises, which to some extent limits the accuracy of the generalizations.

Recommendations
The results obtained indicate the need to strengthen state support for the digitalization of the agricultural sector by developing broadband Internet in rural areas, expanding financial instruments for agritech startups (venture capital, grants, and public-private partnerships), and stimulating the implementation of precision agriculture technologies, especially in Ukraine and Moldova. It is also important to develop agricultural clusters as integration platforms for interaction between business, science, and the state, while for Poland, it is crucial to strengthen the adaptability of agricultural enterprises to external market risks. In the aggregate, these measures will contribute to increasing innovative activity, labor productivity, and the export potential of the agricultural sector.

Conclusions
According to the results of the analysis, a steady increase in the level of digitalization of the agricultural sector was established across all studied countries. In Ukraine, the share of agricultural enterprises using digital technologies increased from 12% in 2015 to 63% in 2025. In Moldova, this indicator increased from 8% to 53%, and in Poland — from 24% to 75%. The results obtained indicate a gradual strengthening of the role of digital solutions in the functioning of agricultural enterprises and confirm the intensification of the digital transformation of agriculture.
The study of investments in agritech showed positive dynamics in all countries. In Ukraine, the volume of investments increased from 18 million USD in 2015 to 145 million USD in 2025. In Moldova, it rose from 5 million USD to 44 million USD. The highest investment volumes were characteristic of Poland, which confirms the higher level of development of its innovation ecosystem and wider opportunities for financial support for the technological modernization of the agricultural sector.
The calculation of the integral index of innovation activity showed its steady growth in all the countries studied. In Ukraine, the index value increased from 18.2 in 2015 to 61.9 in 2025, in Moldova – from 15.6 to 55.8, in Poland – from 39.4 to 86.7. Therefore, this indicates the gradual formation of an innovation-oriented model of development of the agricultural sector and the strengthening of the role of digital technologies and investment support.
The multiple regression analysis confirmed the presence of a positive statistically significant relationship between the level of digitalization, investments in agritech, the development of digital infrastructure and labor productivity. For Ukraine, the coefficient of determination was R²=0.994, for Moldova – R²=0.987, for Poland – R²=0.998. In Ukraine, the level of digitalization had the greatest impact on labor productivity (β=0.41), in Moldova – also digitalization (β=0.38), while in Poland the most significant factor was investment in agritech (β=0.45). The development of digital infrastructure also demonstrated a positive impact in all countries.
Thus, the proposed hypothesis of the study was fully confirmed. The results of the study showed that the increase in the level of digitalization of the agricultural sector, increased investments in agritech and the development of digital infrastructure have a positive impact on labor productivity and contribute to increasing the efficiency of agricultural production in Ukraine, Moldova and Poland.
The results obtained carry significant practical importance, as they can be used to improve state policy aimed at supporting the digitalization and innovative development of the agricultural sector, in particular, in terms of stimulating agritech startups, investments, and the digital infrastructure of rural areas. Prospects for further research lie in an in-depth analysis of the micro-level effects of digitalization, expanding the time frame of the study, and taking into account additional factors, such as climatic conditions, human capital, and regional differences.
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Table 1. Labor productivity in the agricultural sector (thousand USD per employee)
	Year
	Ukraine
	Moldova
	Poland

	2015
	5.2
	3.4
	12.1

	2016
	5.6
	3.7
	12.8

	2017
	6.1
	4.0
	13.5

	2018
	6.7
	4.3
	14.2

	2019
	7.1
	4.6
	15.0

	2020
	7.5
	4.9
	15.8

	2021
	8.0
	5.2
	16.4

	2022
	8.6
	5.5
	17.1

	2023
	9.2
	5.8
	17.9

	2024
	9.8
	6.1
	18.7

	2025
	10.4
	6.5
	19.5


Source: compiled by the author based on data from (FAO, 2025; World Bank Group, 2025; McFadden et al., 2022; State Statistics Service of Ukraine, 2024; National Bureau of Statistics of the Republic of Moldova, 2025; Central Statistical Office of Poland (GUS), 2025)


Table 2. Broadband Internet coverage in rural areas (% of the rural population)
	Year
	Ukraine
	Moldova
	Poland

	2015
	38
	42
	67

	2016
	42
	46
	70

	2017
	47
	50
	73

	2018
	52
	55
	77

	2019
	58
	60
	81

	2020
	63
	66
	85

	2021
	68
	71
	88

	2022
	72
	75
	91

	2023
	76
	79
	94

	2024
	79
	82
	96

	2025
	83
	85
	96.2


Source: compiled by the author based on data from (FAO, 2025; World Bank Group, 2025; McFadden et al., 2022; State Statistics Service of Ukraine, 2024; National Bureau of Statistics of the Republic of Moldova, 2025; Central Statistical Office of Poland (GUS), 2025)


Table 3. Innovation Activity Index (IAI) of the agricultural sector
	Year
	Ukraine
	Moldova
	Poland

	2015
	18.2
	15.6
	39.4

	2016
	21.1
	18.0
	42.7

	2017
	24.8
	21.5
	46.5

	2018
	29.3
	25.1
	51.2

	2019
	33.8
	29.0
	55.7

	2020
	38.5
	33.7
	60.9

	2021
	43.4
	38.2
	66.0

	2022
	47.9
	42.5
	71.4

	2023
	52.8
	47.1
	76.8

	2024
	57.3
	51.6
	82.2

	2025
	61.9
	55.8
	86.7


Source: calculated by the author based on the integrated indicators of innovative development


Table 4. Results of multiple regression analysis
	Country
	R²
	β (digitalization)
	β (agritech-investments)
	β (digital infrastrucure)

	Ukraine
	0.994
	0.41
	0.34
	0.26

	Moldova
	0.987
	0.38
	0.29
	0.22

	Poland
	0.998
	0.39
	0.45
	0.31


Note:
R2 is the coefficient of determination of the model;
β is the standardized regression coefficients.
Source: calculated by the author
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