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ABSTRACT
This study analyzes the production dynamics of two critical legume species in Turkey's agricultural production pattern-dry beans (Phaseolus vulgaris L.) and vetch (Vicia spp.)-for the 2020-2024 period, using high-resolution panel data from the Turkish Statistical Institute (TÜİK). The research examines indicators such as Sown Area, Harvested Area, Yield (kg/da), and Production Quantity (ton), with vetch further disaggregated by green fodder and seed production purposes and by Common, Hungarian, and Other species. Findings reveal a general contraction trend in the sown area for all products and species during the five-year period. The decrease of over 60% in the sown area for Other Vetch species is particularly noteworthy. In contrast, the increase in dry bean yield to 304 kg/da in 2024 and the rise in Hungarian vetch seed yield from 128 kg/da in 2020 to 204 kg/da in 2024 may suggest positive impacts from improvements in production technologies and adaptation strategies. The negligible difference (<0.5%) between Sown Area and Harvested Area suggests no significant area loss occurred during the production processes. This study documents the structural transformation of strategic legume production under climatic and economic pressures and emphasizes the importance of area-based productivity increase for developing sustainable production policies, providing evidence crucial for evidence-based agricultural policy formulation.
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1. INTRODUCTION
Turkish agriculture holds a strategic position due to its role in the global food supply chain and its capacity to meet domestic demand. Thanks to genetic diversity and agro-ecological conditions, the country is a significant producer and consumer of legumes (Açıkgöz, 2001; Yılmaz & Erol, 2015). Legumes are indispensable components of sustainable agricultural systems, not only as a high plant-based protein source but also for enhancing soil fertility through biological nitrogen fixation and their cultivability in fragile ecosystems (Stagnari et al., 2017). Dry bean (Phaseolus vulgaris L.) is a crucial food security product as a staple of Turkish cuisine. Vetch (Vicia spp.) is critically important both as a high-quality green fodder and hay source for the livestock sector and as a green manure and cover crop for soil health (Yücel et al., 2006; Alan & Geren, 2006).
In recent years, increasing temperatures, irregular precipitation regimes, and drought events caused by climate change have been affecting agricultural production patterns on a global scale (IPCC, 2022). Turkey, as part of the Mediterranean basin, is significantly affected by these changes, with noticeable fluctuations observed in agricultural production (Türkeş, 2020). Legumes grown particularly in rain-dependent transitional regions and Central Anatolia are sensitive to these climatic stress factors (Özkan, 2020). In addition to climatic pressures, economic factors such as rising input costs (fertilizer, energy, labor), land use changes, and the relative profitability of alternative crops also shape farmers' crop choices and production strategies (Oba & Özsoy, 2024). In this context, understanding the temporal and spatial dynamics of agricultural production forms the basis for effective policy development. The Turkish Statistical Institute (TÜİK) provides a rich dataset that details crop production statistics by product, species, and even production purpose, enabling in-depth analysis of production processes. These data offer a unique opportunity to reveal the relationship between changes in production areas, yield potential, and final production quantity.
The aim of this study is to systematically analyze the structural change undergone by dry bean and vetch (Common, Hungarian, and Other species) production in Turkey during the five-year period covering 2020-2024, in terms of sown/harvested area, yield, and production quantity parameters, and to discuss the underlying dynamics of this change. The study aims to document the state of strategic legume production in the face of climatic and economic pressures and to contribute to sustainable agricultural policies.

2. MATERIAL AND METHOD
2.1. Data Source and Scope
All data used in this research were obtained from the Turkish Statistical Institute (TÜİK) Crop Production Statistics database (TÜİK, 2024). The dataset covers all of Turkey and consists of annual cross-sections for the 2020, 2021, 2022, 2023, and 2024 production years. The data are disaggregated by product (dry beans and vetch), by species (Common, Hungarian, Other), and by production purpose (green fodder, seed).
2.2. Variables and Products Examined
The following key variables and product classifications were analyzed in the study:
· Variables:
1. Sown Area (da): The total area where the crop was planted.
2. Harvested Area (da): The area from which yield was obtained and harvesting was performed.
3. Yield (kg/da): The average product quantity obtained per harvested area.
4. Production Quantity (ton): The annual total product quantity.
· Products and Classifications:
1. Dry Beans (Phaseolus vulgaris L.)
2. Vetch (Vicia spp.), in the following subcategories:
· By Species: Common Vetch (V. sativa), Hungarian Vetch (V. pannonica), Other Vetch Species.
· By Production Purpose: Green Fodder Production and Seed Production.
2.3. Analysis Methods
Data Preprocessing: The dataset was checked for completeness and consistency. No missing values were found in the key variables (Sown Area, Harvested Area, Yield, Production Quantity) for the years and products under study. The data were used as reported by TÜİK without further transformation, as they represent official national statistics. The following statistical and visual methods were used in data analysis:
1. Descriptive Analyses: Sown area, harvested area, yield, and production quantity values were calculated for each product and year, and annual change rates (%) were derived.
2. Trend Analysis and Visualization: The directions of change (increasing/decreasing trends) in production parameters were examined through annual percentage changes and visualized using line graphs.
3. Area Loss Rate Calculation: To determine the proportion of area sown but not harvested during the production process, the following formula was applied for each product and year:
Area Loss Rate (%) = ((Sown Area – Harvested Area) / Sown Area) × 100
This calculation was used to understand the extent of areas abandoned from production due to climatic or economic reasons.
4. Comparative Analysis: Performance differences between different vetch species (Common, Hungarian, Other) and production purposes (green fodder vs. seed) were compared using both tables and graphs.
5. Data Processing and Analysis Tools: Data organization, analysis, and graph creation were performed using Microsoft Excel 365.

3. FINDINGS
3.1. Sown and Harvested Area Trends (2020-2024)
Table 1 shows the change in the sown area of dry beans and vetch species in Turkey. During the examined five-year period, a decrease in sown area was observed for all products and categories. The most pronounced contraction occurred in the "Other Vetch" species: the area sown for green fodder production of other vetch decreased by 61.5%, while the area sown for seed production decreased by 54.7%. The dry bean sown area contracted by 10.8%, reaching its lowest level in 2023 (884,569 da) and showing a partial recovery (3.9% increase) in 2024. Among vetch species, Hungarian vetch exhibited a relatively more stable area trend, while Common vetch area recorded a decrease of nearly 30%.
Table 1: Change in Sown Area (da) of Dry Beans and Vetch Species in Turkey (2020-2024).
	Product / Purpose / Species
	2020
	2021
	2022
	2023
	2024
	2020-2024 Change (%)

	Dry Beans
	1,029,857
	1,077,964
	970,520
	884,569
	918,620
	-10.8

	Vetch (Green Fodder) - Common
	2,243,859
	2,094,260
	2,099,385
	1,705,293
	1,575,138
	-29.8

	Vetch (Green Fodder) - Hungarian
	739,181
	810,911
	749,060
	669,807
	578,390
	-21.8

	Vetch (Green Fodder) - Other
	776,396
	747,678
	573,315
	461,185
	299,150
	-61.5

	Vetch (Seed) - Common
	277,397
	232,176
	204,045
	180,564
	145,681
	-47.5

	Vetch (Seed) - Hungarian
	79,124
	81,032
	65,631
	67,189
	55,447
	-29.9

	Vetch (Seed) - Other
	26,383
	24,189
	18,045
	12,873
	11,939
	-54.7




Figure 1. Sown Area Trend for Dry Beans and Vetch (Green Fodder) Species in Turkey (2020-2024).

Dry Beans:
The sown area was 1,029,857 da in 2020 (Table 1), showed a continuous decline until 2023 (884,569 da), and experienced a partial recovery to 918,620 da in 2024. Over the five-year period, a contraction of 10.8% occurred. This fluctuation can be associated with climate conditions, economic factors, and changes in crop preferences (Figure 1)
Vetch (Green Fodder) – Common Vetch:
The sown area decreased from 2,243,859 da in 2020 to 1,575,138 da in 2024 (Table 1), showing a 29.8% reduction. The most pronounced drop occurred in 2023. This suggests that common vetch production has largely suffered area loss, possibly indicating a shift towards other crops or other vetch species (Figure 1).

Vetch (Green Fodder) – Hungarian Vetch:
The sown area dropped from 739,181 da in 2020 to 578,390 da in 2024 (Table 1), indicating a contraction of 21.8%. This shows that the preference for Hungarian vetch for green fodder production has declined. Interestingly, however, significant yield increases for Hungarian vetch seed have been reported during the same period. This may indicate a shift in production purpose from green fodder to seed (Figure 1).

Vetch (Green Fodder) – Other Vetch Species:
The sown area decreased from 776,396 da in 2020 to 299,150 da in 2024 (Table 1), a 61.5% reduction. This marked decline in other species suggests that varieties in this category are rapidly exiting the agricultural production pattern, which could pose a risk to genetic diversity and biodiversity (Figure 1).

General Assessment:
Table data reveal a pronounced contraction trend in legume production areas in Turkey during the 2020-2024 period. The primary reasons for this contraction include:
· Drought and water stress due to climate change,
· Increasing input costs and economic uncertainty,
· Farmers shifting to more profitable or less risky crops,
· Changes in production purpose and variety preference among vetch species (e.g., shift from green fodder to seed production),
· Narrowing of the genetic base with the decrease in "Other Vetch" species.
These trends indicate that agricultural policies need to be reshaped towards productivity increase, dissemination of climate-resilient varieties, and strengthening of the seed system, rather than being solely area protection-focused.

3.2. Yield (kg/da) Trends (2020-2024)
Table 2 summarizes the change in yield for dry beans and vetch species. A notable yield increase (304 kg/da) was observed in dry beans in 2024, corresponding to a 12.2% increase compared to 2020. The most striking development in vetch seed yield occurred in Hungarian vetch: yield jumped from 128 kg/da in 2020 to 212 kg/da in 2023 and maintained its high level at 204 kg/da in 2024. The five-year increase rate is 59.4%. While Common vetch seed yield shows a steady increasing trend, Other Vetch green fodder yield started from a low level (579 kg/da) in 2021 and rose to 1176 kg/da in 2024.

Table 2: Change in Yield (kg/da) of Dry Beans and Vetch Species in Turkey (2020-2024).
	Product / Purpose / Species
	2020
	2021
	2022
	2023
	2024
	2020-2024 Change (%)

	Dry Beans
	271
	283
	278
	272
	304
	+12.2

	Vetch (Green Fodder) - Common
	1266
	1188
	1204
	1298
	1326
	+4.7

	Vetch (Green Fodder) - Hungarian
	1494
	1354
	1330
	1573
	1464
	-2.0

	Vetch (Green Fodder) - Other
	840
	579
	911
	999
	1176
	+40.0

	Vetch (Seed) - Common
	119
	115
	129
	128
	127
	+6.7

	Vetch (Seed) - Hungarian
	128
	119
	136
	212
	204
	+59.4

	Vetch (Seed) - Other
	139
	116
	123
	102
	106
	-23.7



When examining dry bean and vetch seed yield trends in Turkey during the 2020-2024 period, distinct differences are observed among products (Figure 2). Dry bean yield increased from 271 kg/da in 2020 to 304 kg/da in 2024 (Table 2), showing a 12.2% increase over five years. This increase may be associated with the adoption of drought-resistant varieties, the spread of good agricultural practices, and favorable climate conditions. In contrast, vetch seed yields show variability by species: a 6.7% increase (from 119 to 127 kg/da) was recorded for Common vetch seed, while a 59.4% increase (from 128 to 204 kg/da) was observed for Hungarian vetch seed (Table 2). Yield for Other vetch species declined. This differentiation can be associated with the effectiveness of breeding efforts, the quality of production areas, and changes in management practices. In conclusion, while yield increase plays a critical role in compensating for production contraction, strategies need to be differentiated according to species and production purpose.









Figure 2. Dry Bean and Vetch Seed Yield Trend in Turkey (2020-2024).
3.3. Production Quantity (ton) Trends and Area-Yield Interaction
The structural dynamics of dry bean production in Turkey during the 2020-2024 period reveal the complex relationship between area, yield, and production quantity (Figure 3). Over the five-year period, the sown area exhibited a significant contraction trend: the sown area, which was 1,029.9 thousand da in 2020, decreased to 883.7 thousand da in 2023, reaching its minimum level, and then partially recovered to 918.4 thousand da in 2024. This decline can be associated with factors such as drought risks due to climate change, increasing input costs, and the relative profitability of alternative crops. Despite area contraction, a noteworthy improvement was observed in yield per unit area. Yield increased from 271 kg/da in 2020 to 304 kg/da in 2024, recording a 12.2% increase. This increase is thought to be due to the adoption of drought-resistant and high-yielding varieties, the spread of good agricultural practices, and favorable climate conditions in 2024. Production quantity followed a fluctuating trend as a function of these changes in area and yield: total production, which was 279.5 thousand tons in 2020, dropped to 240 thousand tons in 2023, but rose again to 279 thousand tons in 2024 thanks to the sharp increase in yield. This situation demonstrates that the negative effects of area contraction can be partially compensated by productivity increase. Therefore, for the sustainability of dry bean production, in addition to area conservation policies, the development of yield-focused strategies based on breeding studies, technology transfer, and climate-adapted agricultural practices is of great importance.


Figure 3. Dry Bean Production Dynamics in Turkey: Relationship between Area, Yield, and Production Quantity (2020-2024).


4. DISCUSSION
The findings of this study indicate that strategic legume production in Turkey underwent a multi-layered and dynamic transformation process during the 2020-2024 period. The presented quantitative data point to a complex production ecosystem shaped by the interplay of climate change, economic fluctuations, technological adaptation, and policy interactions (Bozoglu et al., 2019; FAO, 2021).
4.1. Multiple Causes of Area Contraction and Structural Background
The contraction in sown area observed across all product categories is a multi-dimensional phenomenon that cannot be reduced to a single cause. This trend reflects a vulnerability cycle where climatic, economic, and socio-technical factors feed into each other.

Climatic Risks and Production Pattern Shift:
Turkey has faced intensifying meteorological drought events, particularly in spring and summer periods, over the last five years (Türkeş, 2020; MGM, 2024). Legumes such as dry beans (Phaseolus vulgaris L.) and vetch (Vicia spp.), which are extremely sensitive to water stress during flowering and pod filling stages, are directly affected by this change (Akpınar, 2024). The yield declines observed in both dry beans and vetch species in 2021 (Table 2) are consistent with the severe drought conditions of that year. In regions with high water risk, farmers shift their crop patterns towards relatively less water-demanding or drought-tolerant grain species. This situation constitutes a significant driving force behind the decline of legume sown areas, especially in rain-dependent inland regions.

Economic Pressures and Relative Profitability Dynamics:
Rising global energy, fertilizer, and agricultural chemical prices have significantly increased production costs and deepened farmers' risk perception (FAO, 2023). Legumes can be perceived as lower-income-generating crops by farmers, particularly in regions with limited marketing channels. The structure of support policies and fluctuations in market prices can steer farmers towards alternative crops with higher support premiums or market value (maize, sunflower, some vegetables) (Bozoglu et al., 2019; Oba & Özsoy, 2024). This economic rationality forms one of the fundamental motivation sources behind area contraction.

The Collapse of "Other Vetch" Species and Impacts on Biodiversity:
Analyses reveal that the decrease in sown area for species in the "Other Vetch" category (61.5% green fodder, 54.7% seed) is quite sharp. This radical decline can likely be explained by the lack of a clear commercial identity and market share for these species, difficulties in obtaining certified quality seed, and farmers' orientation towards Common (V. sativa) and Hungarian (V. pannonica) vetch varieties with better-known yield performance and adaptation capability. However, this contraction is concerning not only from a production economics perspective but also for agricultural biodiversity and the conservation of local genetic resources (Akpınar, 2024). The narrowing of the genetic base can have negative effects on future breeding efforts and capacity to develop resistance to climate change.

4.2. Dynamics of Yield Increase: Technology, Adaptation, and Climate Relationship
Despite area contraction, the marked yield increases recorded particularly in dry beans and Hungarian vetch seed production in 2024 (Table 2) carry signs of an adaptation and technology integration process in Turkish agriculture (FAO, 2021).



The Determining Role of Breeding and Technology Adoption:
The 59.4% leap observed in Hungarian vetch seed yield during the 2020-2024 period can be evaluated as a concrete output of plant breeding successes in Turkey. The development and dissemination of new Hungarian vetch varieties with high yield potential, disease and pest resistance, and tolerance to abiotic stress factors (drought, salinity) (Açıkgöz, 2001; Yılmaz & Erol, 2015) constitute the fundamental dynamic of this increase. Similarly, the dry bean yield value reaching 304 kg/da in 2024 is linked to increased use of drought-resistant bean genotypes and improvements in farmers' access to these technologies.

Determinacy of Climatic Conditions and Dilemma:
Meteorological conditions specific to 2024 also contributed significantly to the general yield increases observed that year. The relatively more favorable timing and amount of rainfall during the critical water requirement periods of legumes (flowering and pod filling, May-June) (MGM, 2024) positively contributed to yield increase. This situation shows that Turkish agriculture is still largely dependent on seasonal rainfall patterns and that climatic variability can be directly decisive on production outcomes. Therefore, irrigation infrastructure and water management strategies to reduce climate dependency are vital for yield stability.

Potential for Widespread Adoption of Good Agricultural Practices:
Increased adoption of good agricultural practices such as correct sowing time and density, balanced fertilization based on soil analysis, integrated pest management, and appropriate harvesting techniques has contributed to the improvement of yield per unit area (Stagnari et al., 2017). Disseminating these practices to broader farmer audiences, particularly through agricultural extension services and farmer training programs, will play a key role in the sustainability of future yield increases.

4.3. Policy Implications and Strategic Recommendations
The study findings reveal the need for restructuring within the policy framework to make current production dynamics sustainable and guarantee future food security and agricultural resilience.

1. Yield-Focused and Knowledge-Based Policy Transformation: The most effective way to compensate for the effects of area loss and increase total production stably is to increase unit area productivity. In this direction, public and private sector R&D investments should be concentrated on breeding climate-resilient, water-use efficient, and nutrient-enhanced legume varieties. The use of modern biotechnology and genomic selection techniques to accelerate breeding processes should be encouraged.

2. Restructuring the Seed System and Strengthening Domestic Capacity: The yield success in Hungarian vetch once again proves the importance of using quality certified seed. The discourse of "domestic and national seed production" should be supported by an effective seed production, certification, and distribution system. Farmers', especially small-scale producers', access to economically accessible and geographically suitably adapted varieties should be facilitated. The preservation of genetic diversity, including "Other Vetch" species, should be ensured through seed banks and genetic resource conservation programs.
3. Development of Targeted, Performance-Based, and Green Support Models: In addition to traditional area-based direct supports, targeted payment systems that incentivize yield increase, adoption of water-conserving technologies (drip/sprinkler irrigation), organic fertilizer use, and conservation tillage should be designed. Such "green supports" can guide farmers towards sustainable practices, simultaneously increasing both productivity and environmental resilience.

4. Dissemination of Climate-Smart Agriculture (CSA) Practices: Climate-smart agriculture techniques such as establishing drought early warning systems, conservation tillage, mulching, cover cropping, and water harvesting should be disseminated, starting from pilot regions. They should be supported with tools such as capacity-building training for farmers, demonstration farms, and digital agricultural advisory services (smartphone applications).

5. Value Chain Integration and Improvement of Market Access: Ensuring farmers have fair prices and stable market access for their products will directly affect their motivation to continue production. Supporting cooperation, encouraging contracted production models, and developing export opportunities alongside local markets will make legume production more economically attractive. In this context, models such as alternative food networks and short supply chains should also be evaluated (Oba & Özsoy, 2024).

In conclusion, Turkey's strategic legume production is undergoing a transition period amidst climatic and economic storms. This study has shown that yield increase through technology and adaptation is possible despite contracting areas and that this can be a vital balancing mechanism for the resilience of the production system. Future policy approaches should adopt this dual strategy-blending efforts to slow area loss with strategies to strengthen the productivity pathway-and center a multi-stakeholder, science-based, and climate-sensitive agricultural governance model.

5. CONCLUSION
This research reveals the fundamental trends in dry bean and vetch production in Turkey between 2020 and 2024. During the examined five-year period, significant decreases were observed in the sown areas of both legume types. The dry bean sown area contracted by 10.8%, while the most pronounced decline among vetch species occurred in the "Other Vetch" category, with the area sown for green fodder production decreasing by 61.5%. Common and Hungarian vetch sown areas also decreased by 29.8% and 21.8%, respectively. In contrast, significant improvements are noted in yield values. Dry bean yield increased by 12.2%, reaching 304 kg/da. Performance varies among vetch species: Hungarian vetch seed yield shows an extraordinary increase of 59.4%, while Common vetch seed yield increased by 6.7%. These yield increases became particularly evident in 2024. The combined effect of area contraction and yield increase created an interesting dynamic in production quantities. Although dry bean production had declined to 240,000 tons by 2023, it rose again to 279,000 tons in 2024 thanks to strong yield performance. This situation clearly demonstrates how productivity increase can play a critical role in maintaining production levels despite area losses. However, the dramatic decrease in "Other Vetch" species is concerning and requires careful monitoring from the perspective of agricultural biodiversity conservation. The rapid exit of these species from the production pattern could negatively affect future genetic resource diversity and breeding potential. The study's findings offer important implications for the future of Turkish agricultural policies. In addition to traditional area conservation approaches, strategies aimed at increasing productivity should gain more importance. In this context, developing climate-resilient varieties, disseminating quality seed use, adopting modern agricultural technologies, and improving farmers' access to information should be key policy priorities. In conclusion, this research presents the current state of Turkey's strategic legume production with quantitative data, providing valuable information about the challenges and opportunities faced by the sector. The findings obtained are expected to contribute to evidence-based decision-making processes for policymakers, researchers, and sector stakeholders.
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2020	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	271	1266	1494	840	119	128	139	2021	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	283	1188	1354	579	115	119	116	2022	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	278	1204	1330	911	129	136	123	2023	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	272	1298	1573	999	128	212	102	2024	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	304	1326	1464	1176	127	204	106	2020-2024 Change (%)	Dry Beans	Vetch (Green Fodder) - Common	Vetch (Green Fodder) - Hungarian	Vetch (Green Fodder) - Other	Vetch (Seed) - Common	Vetch (Seed) - Hungarian	Vetch (Seed) - Other	12.2	4.7	-2	40	6.7	59.4	-23.7	
Production (kg/da)


Years




Area (1000 da)	
2020	2021	2022	2023	2024	1029.9000000000001	1077.7	970.5	883.7	918.4	Yield (kg/da)	
2020	2021	2022	2023	2024	271	283	278	272	304	Production (1000 ton)	
2020	2021	2022	2023	2024	279.5	305	270	240	279	




Dry Beans (da)	2020	2021	2022	2023	2024	1029857	1077964	970520	884569	918620	Vetch (Green Fodder) - Common (da)	2020	2021	2022	2023	2024	2243859	2094260	2099385	1705293	1575138	Vetch (Green Fodder) - Hungarian (da)	2020	2021	2022	2023	2024	739181	810911	749060	669807	578390	Vetch (Green Fodder) - Other (da)	2020	2021	2022	2023	2024	776396	747678	573315	461185	299150	



