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Introduction: China is the world’s largest producer and consumer of vegetables, with all provinces, cities, and autonomous regions cultivating vegetables. The main production areas for winter and spring vegetables have higher accumulated temperatures, allowing for multiple planting seasons throughout the year. Therefore, this article examines the competitiveness of vegetable production in China’s main winter and spring vegetable producing areas from the perspective of the dynamic evolution of comparative advantages.

Methods: Drawing on statistical data from 2000 to 2018 on the development of the vegetable industry in these key provinces, our analysis incorporates methods such as the Resource Endowment Coefficient, the Comprehensive Comparative Advantage Index, the entropy method, and systematic cluster analysis to explore the evolution of competitive advantages in vegetable production across various provinces and cities.

Results and discussion: The findings reveal significant regional disparities in resource endowments and overall advantages in vegetable production during the winter and spring seasons. Notably, Chongqing, Hubei Province, and Shanghai exhibit a Resource Endowment Factor (EF) averaging above 1, indicating a relative abundance of production resources and a comparative advantage. Similarly, Hainan Province, the Guangxi Zhuang Autonomous Region, Guangdong Province, Fujian Province, Shanghai, and Zhejiang Province each demonstrate an average Comprehensive Advantage Index (AAI) exceeding 1, affirming their comprehensive comparative strengths. Overall, the competitiveness of vegetable production in these regions exhibits a fluctuating yet ascending trend, with notable disparities in competitive strengths across different areas. The ranking of annual average competitiveness scores in vegetable production is as follows: Shanghai > Zhejiang > Hubei > Hunan > Guangdong > Sichuan > Chongqing > Fujian > Guangxi > Jiangxi > Hainan > Yunnan. Based on these outcomes, the study proposes tailored strategic recommendations for provinces and cities according to their unique resource endowments and comparative advantages, aiming to enhance the sector’s productivity and competitive stance.
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1 Introduction

Vegetables are one of the main agricultural products for daily consumption (Ito et al., 2014), which can meet people’s basic needs of balanced nutrition and diet. In China, there are many kinds of vegetables with a long planting history (Su and Jiang, 2009). In recent years, the development of China’s vegetable industry has achieved remarkable results, playing a positive role in ensuring the living needs of urban and rural people and promoting farmers to increase their income and get rich. At present, with the deepening of agricultural supply side structural reform, China’s agricultural development has entered a new stage of accelerating transformation and upgrading, which puts forward new requirements for the development of vegetable production.

China is the world’s largest vegetable producer and consumer (Bao et al., 2018). Vegetables are grown in 31 provinces and regions of China. Due to the vast territory of China, spanning six temperate zones, natural conditions between provinces, especially the soil, water resources, climate, and other conditions show great differences. In regions with lower accumulated temperatures, vegetable cultivation can only be carried out once a year, or multiple seasons per year can be achieved through the use of greenhouses. However, greenhouse vegetables come with high costs and limited yields. In contrast, areas with higher accumulated temperatures can support multi-season cultivation annually. During the winter in China, the “South-to-North Vegetable Transport” initiative enriches the diets of people in the north. The main vegetable production areas during the winter and spring seasons are concentrated in the provinces of China with higher accumulated temperatures, capable of multi-season cultivation. These areas serve as the primary bases for the “South-to-North Vegetable Transport.” The relatively favorable temperature conditions and experience in multi-season cultivation prompt us to consider whether these factors can form a competitive advantage in vegetable production. This article focuses on the major vegetable-producing areas during the winter and spring seasons, exploring the competitive strengths of vegetable production in these regions.

There is abundant literature on vegetable production, including the research on vegetable production conditions and production technology. Russo et al. studied the effects of mulching on soil erosion and vegetable yields in fall and spring (Russo et al., 1997). Li et al. (2019) studied the changes of soil physical and chemical properties in greenhouse vegetable intensive cultivation regions in northern China. Wang et al. (2017) studied the effects of biological modifiers on vegetable production. Chen et al. (2004) analyzed the fertilizer use of vegetable production in the background area and evaluated the soil fertility. Sabzalian et al. (2014) studied red-blue LED incubators for high performance indoor plant production of vegetables, flowers, and medicinal plants and learned about local vegetable production. Walters et al. (2012) rebuilt the agricultural economy of Afghanistan and the vegetable production in Balkh province.

From the current research progress, the research on vegetable production and industrial development has important theoretical value and policy significance. The existing research status is that there is a lot of research on vegetable production conditions and vegetable production technology. Most of the research on vegetable production competitiveness is static analysis on export competitiveness, but there is no dynamic analysis (Li et al., 2015; Choudhary et al., 2017). In the selection of research methods and indicators, the comparative advantage research method is mostly used to further analyze the competitiveness by analyzing the comparative advantage index (Ma et al., 2020; Mao et al., 2022). This method has some one-sidedness and cannot comprehensively measure competitiveness. Therefore, we should find some breakthroughs in research perspective and research design. Based on the above analysis, in the context of China’s supply-side reform, this paper empirically investigated the vegetable production competitiveness of main winter and spring vegetable production regions (12 provinces, municipalities, and autonomous regions) in China from 2000 to 2018.

Compared with the existing literature, the contribution of this paper is mainly reflected in the following two aspects:

Firstly, from the perspective of research, unlike previous studies that focused on vegetable production within individual provinces, this paper examines regional production from the perspective of seasonal production. China’s vast territory spans several climatic zones, and some provinces cannot engage in large-scale vegetable planting during winter. As a result, winter and spring vegetable production becomes particularly significant. Therefore, the research area of this paper is China’s main winter and spring vegetable production regions.

Secondly, it reflects dynamic changes. Compared to existing literature, this paper includes an analysis of vegetable production during the research period and utilizes several methodological approaches: the resource endowment coefficient and the comprehensive comparative advantage index. Additionally, it constructs an evaluation indicator system from three dimensions—core competitiveness, potential competitiveness, and auxiliary competitiveness—and applies the entropy method to measure the competitiveness of vegetable production. This multi-dimensional approach aims to dynamically evaluate the competitiveness of vegetable production, effectively reflecting its dynamic changes.

The structure of the rest of this paper: Section 2 introduces the literature review, section 3 analyzes the current situation of vegetable production in the main producing regions of winter and spring vegetables in China, section 4 introduces the research methods and data sources, section 5 introduces the comparative analysis process and results of vegetable production competitiveness in the main producing regions of winter and spring vegetables, and section 6 concludes and puts forward suggestions.



2 Literature review

This paper makes a literature review on the competitiveness of vegetable production. The existing research mainly includes two aspects:

The first aspect of research focuses on regional vegetable production characteristics and the industrial situation. Choudhary et al. (2017) examined the profitability of Indian mountain vegetables, specifically studying four vegetables (pea, cabbage, kidney bean, and tomato) in the Dhari block of Nainital district, Uttarakhand. The study highlighted the benefits of vegetable cultivation in this area. Li et al. (2015), utilizing county data and ArcGIS software, analyzed the pattern and historical changes of vegetable production in the Beijing-Tianjin-Hebei region of China. They employed methods such as the Lorenz curve and Gini coefficient to investigate the production trends. Ma et al. (2020) analyzed the vegetable industry situation in Hunan province, emphasizing the need to leverage the advantages of characteristic vegetable resources and optimize the distribution of vegetable regions and varieties. Mao et al. (2022) examined the comparative advantages of vegetable production regions in 16 prefectures and cities of Yunnan province. Ozkan et al. (2004) analyzed the input–output dynamics of greenhouse vegetable production in Antalya, Turkey. Silva et al. (2020) analyzed the yield and income of a carrot and vegetable cowpea combination under green fee use and spatial layout.

The second aspect of research focuses on the analysis and promotion of vegetable competitiveness. Jaffee and Masakure (2005) reported significant differences in consumer preferences, structural dynamics, attention to and implementation of food safety standards, and other factors in the European fresh agricultural product market. They explored how major suppliers/exporters in Kenya and other developing countries can improve their international competitiveness. Stefan and Ferto (2016) used the comparative advantage index to analyze the levels and compositions of export competitiveness of European Union (EU-27) member states in differentiated fruit and vegetable products. Valpiani et al. (2015) studied the supply mode and price competitiveness of fruits and vegetables in farmers’ markets, roadside stands, and conventional supermarkets. They found that supermarkets in central and eastern North Carolina were more accessible for common fruits and vegetables compared to direct retail outlets. The price competitiveness of direct retail outlets varied for different fruits and vegetables. Riedel et al. (2009) analyzed the coordination of relationships in the horticulture business and its impact on competitiveness. Qtaishat et al. (2019) studied the competitiveness of vegetables produced in Jordan and exported to the Gulf countries using five competitive advantage indicators: export market share (EMS), displayed comparative advantage (RCA), trade entropy index (TEI), comparative export performance (CEP), and export performance index (EPI). Morris et al. (2013) analyzed the challenges and opportunities to enhance the competitiveness of vegetable production in Cambodia. Stoeva (2015) studied the competitiveness of Bulgarian vegetable crop production under the influence of the Common Agricultural Policy (CAP). Dhehibi and Frija (2009) used the domestic resource cost (DRC) index to analyze the export competitiveness of Tunisian olive oil, citrus, and tomato industries. Dastagiri et al. (2014) analyzed the production trend, market efficiency, and export competitiveness of Indian vegetables. They proposed that the Indian government should prioritize vegetable production, processing, and export. Li (2014) calculated and analyzed the trade competitiveness of China’s main export vegetable varieties using the international market share (IMS) and trade competitiveness index (TCI). Fonsah and Awondo (2013) studied the future domestic and international competitiveness of the southern fruit and vegetable industry. Ion et al. (2008) studied the competitiveness of Romanian vegetables and fruits in the external market.

To summarize, the existing literature provides valuable theoretical and empirical references for this paper. However, there are several areas that require further study. Firstly, the existing literature on vegetable competitiveness lacks a dynamic perspective. This paper addresses this gap by utilizing panel data and employing comprehensive methods such as the resource endowment coefficient, comprehensive comparative advantage index, and entropy method to dynamically analyze vegetable competitiveness. Secondly, the existing literature tends to have a one-sided approach in measuring vegetable production competitiveness. Previous studies often rely on the principle of comparative advantage and use the comparative advantage index alone, which may lead to incomplete results and analysis. In contrast, this paper employs three evaluation index systems—the resource endowment coefficient, comprehensive comparative advantage index, and vegetable production competitiveness—to comprehensively analyze vegetable competitiveness. Thirdly, the existing literature exhibits limited diversity in research methods. This paper takes a comprehensive approach by utilizing two indexes and employing comprehensive evaluation methods to study vegetable production competitiveness.



3 Analysis on the current production situation of China’s main winter and spring vegetable production regions


3.1 Planting area

In the research scope of this paper, which spans from 2000 to 2018, the vegetable planting area in the main winter and spring vegetable producing regions of China exhibited a fluctuating growth trend, mirroring the overall trend of national vegetable planting area. In 2000, the sown area of vegetables in these regions amounted to 7,417.37 square kilometers (khm2), accounting for 48.68% of the total vegetable sown area in China. By 2018, the sown area of vegetables in these regions had increased to 10,693.82 khm2, representing 52.32% of the total vegetable sown area in China. Moreover, during the period from 2000 to 2018, five provinces within the main winter and spring vegetable producing regions consistently had an average annual vegetable planting area of over 1,000 khm2. These provinces are Guangdong, Sichuan, Hunan, Hubei, and Guangxi Zhuang Autonomous Region.

As depicted in Figure 1, the growth rate of vegetable planting area in the main winter and spring vegetable producing regions of China exhibited a positive trend from 2001 to 2018, excluding the years 2004, 2007, and 2017. The overall fluctuation range during this period ranged from −4.39 to 4.92%, with an average growth rate of 2.05%. Yunnan province had the highest average growth rate of vegetable sown area in the region, standing at 6.68%, followed by Chongqing municipality at 4.63%, and Hunan province at 3.18%. Similarly, in China as a whole, the growth rate of vegetable planting area from 2001 to 2018, except for the years 2004, 2006, and 2010, also exhibited a positive trend with a significant fluctuation range. The overall fluctuation range during this period ranged from −6.16 to 10.49%, and the average growth rate was 1.65%.

[image: Figure 1]

FIGURE 1
 Growth rate of vegetable planting area in China’s main winter and spring vegetable producing regions (2001–2018). Data source: Statistical yearbook of provinces, cities, and autonomous regions in main winter and spring vegetable producing regions 1999–2019, China statistical yearbook 1999–2019.




3.2 Yield

From 2000 to 2018, the vegetable output in the main winter and spring vegetable producing regions of China demonstrated a fluctuating upward trend. The national vegetable output experienced an overall increase during this period, with a slight decline in 2006 but a subsequent continuous rise. The peak vegetable output within the range was achieved in 2016. In 2000, the vegetable output in the main winter and spring vegetable producing regions amounted to 16,382.23 million tons, representing 38.64% of the national vegetable output. By 2018, the vegetable output in these regions reached 28,768.49 million tons, accounting for 40.90% of the national vegetable output. Moreover, throughout the period from 2000 to 2018, five provinces and cities within the main winter and spring vegetable producing regions of China maintained a vegetable output exceeding 20 million tons. These provinces and cities are Hubei, Sichuan, Hunan, Guangdong, and Guangxi Zhuang Autonomous Region.

As depicted in Figure 2, the vegetable output in the main winter and spring vegetable producing regions of China followed a similar trend to the growth rate of national vegetable output, but the national output exhibited significant fluctuations. From 2001 to 2018 (excluding 2004 and 2007), the growth rate of vegetable output in the main regions was consistently positive, with an overall fluctuation range of −4.98 to 7.00% and an average growth rate of 3.18%. Among the provinces, Yunnan province (7.65%), Chongqing municipality (5.20%), and Hunan province (4.34%) had the highest average growth rates. During the same period (excluding 2006 and 2017), the growth rate of national vegetable output also showed positive values, with a fluctuation range of −13.29 to 14.00% and an average growth rate of 2.85%.

[image: Figure 2]

FIGURE 2
 Growth rate of vegetable yield in China’s main winter and spring vegetable producing regions (2001–2018). Data source: Statistical yearbook of provinces, cities, and autonomous regions in main winter and spring vegetable producing regions 1999–2019, China statistical yearbook 1999–2019.




3.3 Total output value

Since some statistical data from 2000 to 2003 and 2018 are temporarily unavailable, this part analyzes and explains the total output value of vegetables from 2004 to 2017. As shown in Table 1, from 2004 to 2016, China’s main winter and spring vegetable production regions and the country’s total vegetable production continued to grow steadily, with a slight decrease in 2017. At the same time, within this range, the proportion of the total output value of vegetables in China’s main winter and spring vegetable production regions in the national total output value of vegetables is about 40%.



TABLE 1 National vegetable total output value and its growth rate in China’s main winter and spring vegetable producing regions (2004–2017).
[image: Table1]

Based on the provided information, the growth rate of the total output value of vegetables in China’s main winter and spring vegetable production regions from 2005 to 2017 follows a similar trend to that of the entire country. The growth rate of vegetable output value in the main winter and spring vegetable production regions ranges from −0.73 to 20.42%, with an average growth rate of 12.42%. Similarly, in the country as a whole, the growth rate of vegetable output value ranges from −11.48 to 22.29%, with an average growth rate of 11.46%. This suggests that both the main winter and spring vegetable production regions and the entire country experienced fluctuations in the growth rate of vegetable output value during the specified period, with generally positive growth rates.




4 Research methods and data sources

In terms of regional or national industry or product competitiveness, there are two main ideas. First, by using the advantage index, Chenery (1961) proposed in that resource allocation should be combined with comparative advantage. For example, Burianova and Belova (2012) and Hoang et al. (2017) used the comparative advantage index and the competitive advantage index when studying the comparative advantages of industries in different countries and regions. The second idea is to evaluate by concrete index or construct an evaluation index system, using principal component analysis, comprehensive evaluation method, and other methods. For example, Helmy (2010) adopts the Constant Market Share Analysis (CMSA) methodology; Martin and Duren (1991) adopted two indexes of market share and profit. Thorne (2005) uses income maximization as the standard to judge competitiveness. Mao et al. (2022) selected two indexes, international market share and trade competition index, and used the grey correlation method to compare and analyze the international competitiveness of the vegetable industry between China and five Lancang-Mekong countries. Qiao and Cui (2022) constructed an evaluation index system of vegetable industry competitiveness and analyzed regional competition of the vegetable industry in Shandong Province by using the factor analysis method.


4.1 Research method


4.1.1 Resource endowment coefficient analysis method

The resource endowment coefficient (EF) analysis method is a method to analyze the regional comparative advantage through the value of EF value. It is mainly used to reflect the measurement index of a country or region with relatively rich resources (Wang and Qi, 2018). Its calculation formula is:

[image: image]

Vjt is the vegetable output of j province in t period, and Vt is the vegetable output of the whole country in t period. Yjt is the total output value of j province in t period, and Yt is the total output value of the whole country in t period.

According to the characteristics of vegetable production reported in relevant literature, the value range and significance of EF are described as follows: if the value range of EF is (0, 1), it indicates that the region lacks comparative advantage in vegetable production resource endowment. If the EF value ranges from (1, 2), it indicates that the region has some comparative advantage in vegetable production resource endowment. If the EF value ranges from (2, +∞), it indicates that the region has a strong comparative advantage in vegetable production resource endowment.



4.1.2 Comprehensive comparative advantage index method

The comprehensive comparative advantage index method has the characteristics of clear meaning and simple calculation and has been applied by many scholars in the analysis of agricultural comparative advantage (Jiang et al., 2019). This method mainly calculates the comprehensive comparative advantage index, including efficiency advantage index (EAI), scale advantage index (SAI), and comprehensive advantage index (AAI), and calculates these three indexes to analyze the comparative advantage of a certain region (Li and Luo, 2002). The specific calculation formula and indicators are described as follows:

(1) The efficiency advantage index (EAI) refers to the ratio of the unit yield of vegetables in a certain region to the unit yield of all crops in the region in a certain period and the same ratio in another region in the same period. It reflects the comparative advantage of vegetable production efficiency in a certain region and reflects the vegetable production capacity under the comprehensive conditions of natural conditions, technical level, and material input in the region. Its calculation formula is:

[image: image]

[image: image] is the efficiency advantage index, [image: image] is the vegetable yield of i province, [image: image] is the crop yield of i province, [image: image] is the national vegetable yield, and [image: image] is the national crop yield. If [image: image] > 1, it means that compared with the national situation, the vegetable production efficiency in I province has a comparative advantage in efficiency. The greater [image: image], the more obvious the advantage; If [image: image] < 1, it means that compared with the national situation, the vegetable production efficiency in i province is at a disadvantage. The smaller the [image: image] value, the more obvious the disadvantage.

(2) The scale advantage index (SAI) refers to the ratio of the vegetable planting scale in a certain region to the crop planting scale in that region in a certain period and the same ratio in another region in the same period, reflecting the comparative advantage of the vegetable planting scale in a certain region. The scale advantage index is the result of the interaction of multiple reasons, such as natural endowment, market supply and demand, planting tradition, regional policies, and regulations, etc. The calculation formula is as follows:

[image: image]

[image: image] is the scale advantage index, [image: image] is the vegetable planting scale of i province, [image: image] is the crop planting scale of i province, [image: image] is the national vegetable planting scale, and [image: image] is the national crop planting scale. If [image: image] > 1, it indicates that the vegetable planting scale in i province has a comparative advantage compared with the national situation. The larger the [image: image] is, the more obvious the advantage is; If [image: image] < 1, it means that the vegetable planting scale of i province is inferior to that of the whole country. The smaller the value of [image: image], the more obvious the disadvantage.

(3) The comprehensive advantage index (AAI) is affected by efficiency advantage and scale advantage, and its calculation formula is:

[image: image]

[image: image] is the comprehensive advantage index, [image: image] > 1, indicating that compared with the national vegetable production, the vegetable production in i province has a comprehensive comparative advantage, and the greater the [image: image] value, the more obvious the advantage. If [image: image] < 1, it means that compared with the national vegetable production, the vegetable production in i province does not have a comprehensive comparative advantage. The smaller the [image: image] value is, the more obvious the disadvantage is.



4.1.3 Entropy method

In this paper, the entropy method is used to calculate the weight of the evaluation index system of vegetable production competitiveness. The entropy method belongs to the objective weighting method, which can avoid weight error caused by subjective preference (Khaleie and Fasanghari, 2012; Idem and Burak, 2022). The specific calculation steps are as follows:

Step 1: Standardize indicators. Since the units and values of each indicator are quite different, the indicators are standardized to ensure the reliability of the evaluation results. The calculation formula is:
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Where, [image: image] and [image: image] respectively represent the original value and standardized value of index j in the t year of the i province, and [image: image] and [image: image] are the maximum and minimum values of index j in the sample interval of 12 provinces, respectively.

Step 2: Calculate indicator weight [image: image] The calculation process is as follows:

Calculate the proportion of the j index of the i province in the index in the t year:

[image: image]

Calculate the information entropy of the j index in the t year:

[image: image], [image: image]. In this paper, n = 12, the value of M is[image: image].
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Step 3: competitiveness evaluation. First, calculate the standardized scores [image: image] of 9 indicators in t year, then calculate the product of the index weight and the standardized indicators, and finally calculate the weighted sum to obtain the score of the vegetable industry competitiveness of each province in t year.

[image: image]

Repeat the above steps to calculate the evaluation score of vegetable production competitiveness in China’s main winter and spring vegetable production regions.



4.1.4 Systematic cluster analysis

The system clustering method is the most commonly used method in cluster analysis. Its main principle is that in the initial stage, each sample is regarded as a class. According to the specified distance between samples and the distance between classes, the two nearest classes are combined into a new class (Fraley and Raftery, 1998), and then the distance between the new class and other classes is calculated. Repeat the merging of the two nearest classes, reducing one class each time until all samples are merged into one class (Peng and Zheng, 1999).




4.2 Construction of evaluation index system

As shown in Table 2, basis of a literature review and analysis of the current situation in winter and spring vegetable production regions, this paper constructs an evaluation index system from three dimensions: core competitiveness, potential competitiveness, and auxiliary competitiveness.



TABLE 2 Evaluation index system of vegetable production competitiveness.
[image: Table2]



4.3 Overview of the study area and data sources


4.3.1 Study area

In this study, the selection of provinces and cities in the main production regions of winter and spring vegetables is based on the planning and layout of China’s advantageous vegetable production regions in the national vegetable industry development plan (2011–2020) issued by the national development and reform commission and the ministry of agriculture in 2012. In the plan, two dominant regions of winter and spring vegetables are divided, namely, the dominant regions of winter and spring vegetables in South China and southwest hot regions (including Hainan, Guangdong, Guangxi, Fujian, southern Yunnan, Southern Guizhou, and Panxi region of Sichuan) and the dominant regions of winter and spring vegetables in the Yangtze River Basin (including Sichuan, Chongqing, Hubei, Hunan, Jiangxi, Zhejiang, Shanghai, central and southern Jiangsu, and southern Anhui). Therefore, 12 provinces, cities, and autonomous regions in the above-mentioned main production regions were selected as the study regions.



4.3.2 Data sources

The research data are from the China Statistical Yearbook (1999–2019), the statistical yearbook of provinces, cities, and autonomous regions in the study area (1999–2019), and the China Agricultural Yearbook (1999–2018). Some of the data in 2018 are from government work reports and authoritative websites.

The research time range is from 2000 to 2018. There are two reasons for choosing this time range. On the one hand, there is a serious lack of relevant research data before 2000. On the other hand, although the study area is selected according to the 2012 plan, the characteristics of the vegetable industry in the provinces and cities in the region can only be developed after time accumulation. Therefore, this study selected the above time range and study area.





5 Analysis of comprehensive competitiveness in vegetable production in main winter–spring vegetable producing areas


5.1 Analysis of resource endowment coefficient for vegetable production

The natural endowments of provinces in the main winter–spring vegetable producing areas differ, which impacts their vegetable production. Therefore, this paper first examines the resource endowment situation for vegetable production in these provinces. As shown in Table 3, according to the resource endowment coefficient calculation (Equation 1), the vegetable production resource endowment coefficients of provinces, cities, and autonomous regions in the main winter and spring vegetable producing regions from 2000 to 2018 are calculated. According to the average value of resource endowment coefficient (EF) of main winter and spring vegetable producing regions from 2000 to 2018, there are some differences in the resource endowment of vegetable production in major producing regions of provinces, cities, and autonomous regions, presenting a hierarchical nature.



TABLE 3 Resource endowment coefficient (EF) of vegetable production in China’s main winter and spring vegetable producing regions (2000–2018).
[image: Table3]

According to the calculated values, the 12 main winter and spring vegetable producing regions are divided into three levels: The average EF value of Chongqing municipality, Shanghai municipality, and Hubei province is greater than 1, showing some comparative advantages in vegetable production resource endowment. The average EF of Guangxi Zhuang autonomous region and Hunan province is 0.94 and 0.95 respectively, which are close to 1, and there is no comparative advantage in vegetable production resource endowment (type I). The average EF of Hainan province, Guangdong province, Fujian province, Yunnan province, Jiangxi province, Zhejiang province, and Sichuan province is in the range of 0.52 ~ 0.86, and there is no comparative advantage in vegetable production resource endowment (type II).

Through further analysis of the calculation results of the endowment coefficient of vegetable production resources in the main winter and spring vegetable producing regions from 2000 to 2018, it is found that there are some amplitude fluctuations in the endowment coefficient of vegetable production resources in the main producing regions, including Guangxi Zhuang autonomous region, Hunan province, Hubei province, Chongqing municipality, and Shanghai municipality. Specifically, Shanghai municipality has a comparative advantage in vegetable production resource endowments within the research range. Chongqing municipality had a comparative advantage in vegetable production resource endowment in 2000 and 2006 ~ 2018, but did not have a comparative advantage in vegetable production resource endowment in 2001 ~ 2005, the EF value was above 0.9. Hubei province had some comparative advantages in vegetable production resource endowments from 2000 to 2007. Although it did not have comparative advantages in vegetable production resource endowments from 2008 to 2017, the EF value in this range was above 0.90, and it returned to the comparative advantage area in resource endowments in 2018. Guangxi Zhuang autonomous region, Sichuan province, and Hunan province have the comparative advantage of vegetable production resource endowment in some years within the study range and do not have the comparative advantage of resource endowment in other years. Hainan province, Guangdong province, Fujian province, Yunnan province, Jiangxi province, and Zhejiang province do not have the comparative advantage of vegetable production resource endowments within the study range.



5.2 Analyze comprehensive comparative advantages

As shown in Table 4, the efficiency comparative advantage (EAI), scale comparative advantage (SAI), and comprehensive advantage index (AAI) of provinces, cities, and autonomous regions in China’s main winter and spring vegetable production regions from 2000 to 2018 are calculated through (Equations 2–4).



TABLE 4 Comparative advantage index of vegetable production in provinces, cities and autonomous regions of China’s main winter and spring vegetable producing regions.
[image: Table4]


5.2.1 Efficiency comparative advantage

The dominant index of vegetable production efficiency (EAI) of each province in the main winter and spring vegetable production regions within the study range is below 1, so it does not have the advantage of vegetable production efficiency. At the same time, EAI has the characteristics of volatility. The range of EAI in Chongqing municipality, Guangxi Zhuang autonomous region, Fujian province, and Guangdong province is large, which are 0.42, 0.38, 0.33, and 0.30, respectively.



5.2.2 Scale comparative advantage

Hainan province, Guangdong province, Fujian province, Hunan province, Hubei province, Zhejiang province, Guangxi Zhuang autonomous region, and Shanghai municipality have the advantage of vegetable planting scale with their vegetable production scale advantage index (SAI) greater than 1 within the study range. The vegetable production scale advantage index (SAI) of Sichuan province, Yunnan province, and Chongqing municipality in the study range generally shows an upward trend and has little fluctuation. Sichuan province and Chongqing municipality had no advantage in vegetable production scale (SAI > 1) during 2000–2005, Yunnan province had no advantage in vegetable production scale (SAI > 1) during 2000–2009, and other years had a comparative advantage in vegetable production scale (SAI > 1). Jiangxi province has the advantage of vegetable production scale from 2000 to 2003, but not from 2004 to 2018, but the SAI has been above 0.9.



5.2.3 Comprehensive comparative advantage

The average value of AAI of provinces, cities, and autonomous regions in the main production regions has obvious hierarchical characteristics. The average value of AAI of the provinces, cities, and autonomous regions in the main production regions can be divided into three levels: Hainan province, Guangdong province, Fujian province, Zhejiang province, Shanghai municipality, and Guangxi Zhuang autonomous region have a comprehensive comparative advantage. Sichuan province, Hunan province, Hubei province, and Chongqing municipality are between 0.90–1, less than 1. Although they do not have comprehensive comparative advantages, they have some potential. Yunnan Province and Jiangxi Province are 0.81 and 0.74 respectively, less than 1. They do not have comprehensive comparative advantages and have relatively weak potential.

From the time dimension of provinces, cities, and autonomous regions in the main producing regions, the comprehensive comparative advantage index (AAI) of vegetable production in Guangdong province, Fujian province, Zhejiang province, and Shanghai municipality showed a fluctuating upward trend and was greater than 1 from 2000 to 2018, indicating that the four main producing regions have comprehensive comparative advantages within the research range. Except 2003, Hainan province has a comprehensive comparative advantage with AAI greater than 1 and showing an upward trend in other years. Except for 2003, 2004 and 2007, Guangxi Zhuang autonomous region has a comprehensive comparative advantage with AAI greater than 1 in other years. From 2000 to 2010, Chongqing municipality has a comprehensive comparative advantage only in 2006 when the AAI is greater than 1, and other years do not have a comprehensive comparative advantage. However, from 2010 to 2018, the AAI of Chongqing municipality showed an upward trend and the value was greater than 1. During this period, Chongqing has a comprehensive comparative advantage. Within the study area, only a few years in Sichuan province, Yunnan province, Hunan province, and Hubei province have AAI greater than 1, and most years do not have comprehensive comparative advantages. The AAI of Sichuan province, Yunnan province, and Hunan province showed an upward trend, while the AAI of Hubei province showed a stable state of small fluctuations. With the study range, the AAI of Jiangxi province is less than 1, so it does not have a comprehensive comparative advantage, and the AAI value is in the range of 0.68–0.86, showing a trend of first decreasing and then increasing.




5.3 Evaluate competitiveness


5.3.1 Weight calculation

The entropy method in Section 3.1.3 is used to calculate the annual weight of each index in the evaluation index system of vegetable production competitiveness of 12 provinces and regions, and the calculation results are shown in Table 5.



TABLE 5 Evaluation index weight of vegetable production competitiveness.
[image: Table5]



5.3.2 Analyze competitiveness

As shown in Table 6, the specific score of each province’s annual vegetable production competitiveness is calculated according to Equation 10. The greater the score competitiveness, the stronger the competitiveness. As shown in Figure 3, from the score point of view, during 2000–2018, the vegetable production competitiveness of provinces in the main winter and spring vegetable producing regions generally showed a fluctuating upward trend. The average annual score of the vegetable production competitiveness of Shanghai municipality, Zhejiang province, Hubei province, and Hunan province exceeded 0.55, that of Guangdong province, and Sichuan province exceeded 0.5, and that of Fujian province, Guangxi province, and Chongqing municipality ranged from 0.4 to 0.5 The average annual score of Hainan province vegetable production competitiveness is between 0.3–0.4, and that of Yunnan province is below 0.3. As shown in Figure 3, although the average annual score of the competitiveness of vegetable production in Jiangxi province, Hainan province, and Yunnan province is low, from the trend chart, the competitiveness score of the three vegetable production provinces shows a fluctuating rise, and it can be seen from the slope of the curve that the rising rate is faster. In addition, the competitiveness of vegetable production in various regions is unbalanced.



TABLE 6 Score of vegetable production competitiveness in China’s main winter and spring vegetable producing regions (2000–2018).
[image: Table6]
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FIGURE 3
 Competitiveness of vegetable production in China’s main winter and spring vegetable producing regions (2001–2018).




5.3.3 Analyze clustering results

The evaluation scores of the product competitiveness of the main winter and spring vegetable producing regions are systematically clustered. Ward method is selected as the clustering method, and the square Euclidean distance is used as the interval distance calculation method. The final classification results are shown in Figure 4. According to the results of cluster analysis, the competitiveness of vegetable production in China’s main winter and spring vegetable production regions is divided into three categories. The first is Shanghai municipality, Zhejiang province, Hubei province, and Hunan province, which have a good development trend. Shanghai is one of the important municipalities directly under the central government in China. With a high level of economic development and social consumption and a dense population, Shanghai is an important vegetable consumption area in China (Yu L. and Mu Y., 2019). Therefore, Shanghai attaches great importance to vegetable production. The vegetable industry accounts for a large proportion of agricultural production, and the intensive level of vegetable production is high. Zhejiang province, Hubei province, and Hunan province have good agricultural production conditions, dense populations, and convenient transportation. The second category is Fujian province, Guangdong province, Guangxi province, Sichuan province, and Chongqing municipality. The agricultural production conditions in these provinces are relatively weak. The land is mainly mountainous and hilly, and the competitiveness of vegetable production is slightly weaker than in the first category. The third category is Jiangxi province, Hainan province, and Yunnan province. Compared with the first two categories, these provinces have weak agricultural production conditions, poor geographical location, and inconvenient transportation. However, in recent years, the infrastructure and transportation conditions have improved, especially under the promotion of favorable policies such as the rural revitalization strategy, and the competitiveness of vegetable production in these three provinces has been improved.

[image: Figure 4]

FIGURE 4
 Tree view of cluster analysis.






6 Discussion

China’s main winter and spring vegetable production regions have different vegetable production advantages among provinces, cities, and autonomous regions: The main producing regions of provinces, cities, and autonomous regions do not have the comparative advantage of vegetable production efficiency. With the study range, Hainan province, Guangdong province, Fujian province, Hunan province, Hubei province, Zhejiang province, Shanghai municipality, and Guangxi Zhuang autonomous region have the advantage of vegetable production scale. Hainan province, Guangdong province, Fujian province, Zhejiang province, Shanghai municipality, and Guangxi Zhuang autonomous region have a comprehensive comparative advantage with an average of more than 1. Similar results were obtained, but the overall index score was small (Zhong and Zhang, 2014; Yu L. and Mu Y., 2019). The main reason is that when calculating comparative advantage, this paper adopted the sown area of crops instead of the sown area of grain. Based on the theory of comparative advantage, it is more appropriate to use the sown area of crops to calculate.

During the period from 2000 to 2018, the overall competitiveness of vegetable production in the main production areas of winter and spring vegetables in various provinces showed a fluctuating upward trend, and the competitiveness of vegetable production in different regions was unbalanced (Li et al., 2023; Xu et al., 2023). The ranking results derived from the principal component analysis by Yu L and Mu Y (2019) are similar; Zhang and Zhu (2017) and He et al. (2023) also found similar conclusions regarding the rankings of the provinces involved in this paper. Through research, we found that the overall competitiveness of vegetable production in the provinces of the main production areas of winter and spring vegetables has improved, but there is still a situation of unbalanced regional development.



7 Conclusions and policy implications


7.1 Conclusion

This study utilizes a comprehensive application of the Resource Endowment Coefficient, Comparative Advantage Coefficient, Entropy Method, and System Clustering Analysis to draw the following conclusions: there are significant differences in vegetable production resource endowments among the main vegetable-producing provinces (municipalities and autonomous regions) during the winter–spring season. Only Chongqing, Hubei Province, and Shanghai have an EF value greater than 1, indicating a certain comparative advantage in vegetable production resources. The remaining provinces do not possess a comparative advantage in vegetable production resources. However, Guangxi Zhuang Autonomous Region and Hunan Province, despite lacking a comparative advantage (with EF values between 0.90 and 1), show substantial potential for development.



7.2 Policy implications

(1) The region with the first category of vegetable production competitiveness has the comparative advantage of vegetable production resource endowment and vegetable production. On the premise of ensuring sustainable development, these regions should strengthen the input of various construction resources, adopt effective support policies, and improve the level of vegetable industrialization. Give full play to the advantages of resource endowment, and then form the advantages of scale benefit growth. In addition, we should rationally allocate factor inputs and promote the green production of vegetables to meet the continuous growth of people’s demand for green and organic agricultural products.

(2) The regions where the competitiveness of vegetable production is in the second category often do not have the comparative advantage of vegetable production efficiency in winter and spring. Basis of maintaining the scale advantage of the vegetable industry, these regions integrate science and technology into production, speed up the mechanization of vegetable production, improve vegetable production efficiency, and shorten the gap with the whole country. At the same time, these regions should cultivate quality and market advantages, optimize planting structure and varieties, focus on developing vegetable order planting mode, and improve supply efficiency.

(3) The regions in the third category of vegetable production competitiveness often do not have the comparative advantage of vegetable production resource endowment and vegetable production. These regions need to make full use of their good natural production conditions, deeply explore the potential of resources, promote the scale of the vegetable industry, quality, science, and technology, and improve vegetable production capacity. At the same time, these regions make full use of their geographical advantages and good climate conditions to establish large-scale vegetable production bases, give full play to their advantages to plant anti-seasonal vegetables, and enrich the vegetable supply market.

Due to limitations in the researcher’s knowledge and experience, this paper may have certain limitations in research methodology, selection of indicators, and choice of data. In the future, we plan to conduct systematic surveys to gain a deeper understanding of the production conditions in China’s winter–spring vegetable production regions. We aim to survey vegetable producers and analyze from the producers’ perspective, and to undertake the following studies: research on factors influencing winter–spring vegetable production and comparative studies on vegetable production capabilities between this region and other vegetable-producing regions in China.
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