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Abstract

:

The return of rural migrant workers through increasing agricultural income by expanding farming scale is significant for rural sustainable development without rural population loss. This paper selected six representative counties in Henan Province, China’s major grain-producing province, to conduct a questionnaire survey, investigated the incomes of farmers from farming and migrant workers, calculated moderate farming scale under different opportunity costs, and also estimated the agricultural population that can be supported by arable land resources. Results are as follows: (1) Under the traditional planting mode, annual per capita income of farmers in farming was USD 342.18, which was substantially lower than USD 5255.63 in migrant workers. This huge income gap has led to continuous rural population loss. (2) Under the opportunity cost of farming income equal to migrant workers income, moderate farming scales of the six selected counties were 1.39, 1.17, 1.22, 1.08, 1.34, and 1.01 ha, respectively. Under the 0.8x and 0.6x opportunity cost, corresponding moderate farming scales were 1.11, 0.94, 1.11, 0.86, 1.07, and 1.34 ha; and 0.84, 0.70, 0.73, 0.65, 0.80 and 1.01 ha, respectively. (3) On the basis of the three moderate farming scales and status quo of arable land resources, agricultural populations that can be supported by rural Henan Province were 8.0386 million, 10.0479 million and 13.3942 million, respectively. Findings can guide the formulation of rural revitalization strategic measures and the preparation of village territorial spatial planning.






Keywords:


agricultural population; traditional planting mode; opportunity cost; rural revitalization; Henan province












1. Introduction


Given China’s rapid economic growth over the past 40 years since the implementation of the reform and the opening-up policy, the country has been experiencing rapid urbanization caused by the largest flow of rural-to-urban migration in human history. Massive rural-to-urban migration has been reversing the traditional rural-dominated urban–rural population structure and transforming China from an agricultural society to an urban and industrial society [1]. Since the implementation of the rural household responsibility system and the weakening restrictions of China’s household registration system, the increasing surplus of rural laborers in the country has been constantly pouring into cities to seek jobs and earn high incomes, leading to a significant decrease in China’s rural agricultural population [2]. This rural population has decreased by 298.45 million in the past two decades, resulting in the disappearance of villages at a rate of about 80 daily [3]. The loss of rural population has also caused a series of problems, such as the hollow village phenomena [4], rural population aging [5,6], and abandoned arable land [7,8], which have significantly restricted the modernization of rural areas [9]. China is the world’s largest developing country with a large population and limited cultivated land, so rural issues are vital to the country’s economy and the people’s livelihood. Rural issues have constantly been the top priority of the Chinese government. To solve the problem of lagging rural development, the 19th National Congress of the Communist Party of China proposed a national strategy for rural revitalization with the view of achieving rural prosperity and stability [10]. Rural revitalization aims to realize rural modernization through rural construction and development, requiring the support of a stable rural population. Therefore, curbing the loss of rural population and enticing migrants to return to rural areas are primary issues in realizing the rural revitalization strategy [11].



Problems caused by rural population loss in China have consistently been research hotspots. China’s per capita arable land has consistently under 0.1 hectares. Accordingly, the limited arable land makes farmers’ income substantially lower than that of urban residents, which is the primary cause of rural population loss [12]. Depopulation of rural areas has led to the abandonment of numerous rural houses and the wastage of rural homesteads, making hollow villages a common phenomenon in rural China [13,14]. Lack of labor has also diminished the attractiveness of rural areas for investments, and the construction of rural infrastructure has stagnated, contributing to the deterioration of rural living conditions [15,16]. Most of the lost population in rural areas are young and middle-aged laborers, and those who stay in rural areas are mainly the elderly and left-behind children [17]. Lack of family care has resulted in elderly care and children’s education in rural areas becoming a hotspot of social concern [18,19]. Given that rural teenagers are generally willing to work in cities rather than farming, extensive arable land has been abandoned and uncultivated. Consequently, the abandonment of arable land has posed a huge challenge to China’s food security [20,21]. Living conditions of migrant workers in cities have also attracted scholars’ increasing attention. Given that the household registration of migrant workers is generally in rural areas, they cannot obtain equal social welfare as urban citizens (e.g., they cannot enroll their children in school) and have no endowment insurance [22,23,24]. Therefore, most migrant workers experience difficulty integrating into urban life and have a low sense of identity in cities [25]. If they can receive ideal income in rural areas, then migrant workers are generally willing to return to their hometown [26]. Existing studies have mainly focused on the negative impact of out-migration population on rural areas and social security issues. With the implementation of the national strategy for rural revitalization, realizing the return of migrant workers to rural areas and quantitatively measuring the number of agricultural workers that can be supported in rural areas are important topics that need further research.



In 2021, there were 292.51 million migrant workers in China, accounting for 58.7% of the total rural population [27]. The primary issue of rural revitalization is to realize the revitalization of rural talents (i.e., to encourage the return of young labor among migrant workers) [28]. Village territorial spatial planning also requires the return scale of migrant workers to guide the rearrangement of villages’ facilities and industries. This study selected Henan Province, China’s largest agricultural and most populous province, as the research area. The opportunity cost analysis method was used to predict the agricultural population that can be supported by existing arable land resources under the traditional planting mode. The objectives are as follows: (1) estimate difference between the incomes of migrant workers working in cities and farming at home; (2) estimate agricultural planting scale based on the traditional planting model under different scenarios where income from farming matches the income of migrant workers in cities; (3) calculate the agricultural population that the current arable land resources can support under the estimated agricultural planting scale; and (4) explore appropriate measures and policies for rural revitalization under the return of migrant workers.




2. Study Area


Henan Province is located in Central China, the mid-lower reaches of the Yellow River, and southwest of Huanghuaihai Plain. The terrain is high in the west and low in the east, with plains, mountains, and hills comprising 55.7%, 26.6% and 17.7%, respectively, of the province’s total area. Henan Province has a vast area of plains, rich agricultural resources, and a long history of farming. It is one of the 13 major grain-producing provinces and the second largest grain-producing province in China. Henan Province plays an important role in national agricultural production and has contributed immensely to China’s food security [29]. Moreover, Henan Province is the most populous province in China. In 2020, its registered population was 115.26 million, permanent population was 99.41 million, and the population lost 15.85 million [30]. Henan Province is an important export destination for migrant workers in China. The long-term population loss has caused the province to face serious problems (Figure 1), such as rural hollowing and arable land abandonment [31]. The selection of Henan Province as the research area is mainly based on the following reasons: (1) Henan Province is at the middle level of China’s economic development and is undergoing rapid urbanization, which can reflect the overall development status of China and is a typical area for studying China’s development issues; (2) Henan Province is a traditional agricultural province, with arduous tasks in grain production and rural development, its rural problems are universal; (3) The rural population loss in Henan Province is serious, and the villages are characterized by obvious decline. The primary issue of realizing the rural revitalization strategy is to realize the return of the rural population.



We divided Henan Province into five regions according to natural and socioeconomic conditions: northern, eastern, southern, western and central Henan. Moreover, we selected six representative counties in the five regions for questionnaire survey: Huaxian (north), Suiyang (east), Xixian (south), Mengjin (west), Huojia and Yuanyang (central) (see Figure 2). Huaxian has 155,340 hectares of arable land; its grain output ranks first in Henan Province, and its wheat output ranks first in China. Suiyang has 75,700 hectares of arable land and is located at the core area of national grain production. Xixian has 152,200 hectares of arable land, and it is the first county in Henan Province to complete the adjustment and delineation of permanent basic farmland. Mengjin has an area of 53,240 hectares of arable land and is one of the largest grain-producing counties in Henan Province. Lastly, arable land areas of Huojia and Yuanyang are 38,200 hectares and 103,300 hectares, respectively, both of which are mainly planted with wheat and rice.




3. Materials and Methods


3.1. Data Sources


Data on farmers’ farming income and migrant workers’ income came from questionnaire surveys. Through one-to-one questionnaire surveys on farmers in the selected study sample areas, relevant information on farmers was obtained after statistical sorting. Population and some economic statistics were from the Annual Statistical Yearbook of Henan Province or prefecture-level cities. Arable land data were obtained from the statistics of land use data interpreted by Landsat TM/ETM+ images in Henan Province in 2020.




3.2. Methods


3.2.1. Questionnaire Survey


Using the typical sampling method, 2 towns were randomly selected in each sampling county, and 25 sample farmers were randomly selected for the questionnaires. In this survey, 300 questionnaires were distributed and all were effectively collected. After excluding 7 questionnaires with incomplete information and logical errors, 293 valid questionnaires were obtained: 50 in Huaxian, 48 in Suiyang, 48 inXixian, 49 in Mengjin, and 98 in Huojia and Yuanyang (Table 1).



Questionnaire content mainly includes two parts: economic benefits of farming and income of migrant workers. Economic benefits of farming include seed cost, fertilizer cost, pesticide cost, irrigation cost, machinery cost, government subsidy, unit yield, and grain purchase price. Income of migrant workers includes the gender, age, education, type of work, and average daily income of migrant workers. Details of the questionnaire are shown in Table 2 and Table 3.



The farmers in the questionnaire were all in the traditional planting mode, that is, the main crops are wheat/maize or wheat/rice. Economic benefits of farming mainly include expenditure and income (Table 2). Expenses include seed fees, fertilizer fees, pesticide fees, irrigation cost, and machinery rental fees. Given that the sample farmers operate independently on a small scale, they do not include land contract fees. Income mainly includes government subsidies, yield, and crop sales price. Values in Table 2 are the sample average.



As shown in Table 3, about 90% of the rural labor force went out to work, among which men accounted for 58%, slightly higher than women. A total of 89% were young adults under the age of 50. Education was mostly junior high school. Main types of work were construction, manufacturing, and service industries, and some migrant workers did odd jobs. Income varies depending on the type of work they were engaged in.



Most of the migrant workers were engaged in non-contract manual work, of which 55% were construction workers, 15% were factory workers, 10% were restaurant or hotel waiters, 8% were self-employed drivers, and the rest were mostly odd jobs (Figure 3).



Expenditures for migrant workers are mainly reflected in rental housing, food, and transportation. Since most of the migrant workers live in free and simple collective dormitories provided by their employers, only a small number of them have to pay for accommodation rent, which does not exceed USD 150 per month. Public transportation is the main way to go out at ordinary times, and the expenditure on transportation is negligible. In terms of diet, most of them cook independently, and the food expenditure is basically the same as that in their hometown in rural areas.




3.2.2. Moderate Farming Scale Model


The area of arable land that farmers cultivated to obtain the same or close to the income of migrant workers is regarded as the moderate farming scale. When income from farming is typically lower than that of migrant workers within a certain range, migrant workers are also willing to return to rural hometowns. This willingness can be corrected by coefficients in the model. The formula is expressed as follows:


S = (M/R) × r



(1)




where S represents the moderate farming scale per capita, M represents the average annual income of migrant workers, R represents the average annual farming income per ha, and r represents the correction coefficient.




3.2.3. Agricultural Population Estimation Model


Agricultural population refers to the number of farming people who can be supported in all arable lands in the study area can generate satisfactory income under the moderate farming scale. This population is calculated as follows:


P = C/S



(2)




where P represents the agricultural population that can be supported in all arable lands, C represents the total amount of arable land in the study areas, and S represents the moderate farming scale per capita.






4. Theories and Concepts


4.1. Moderate Farming Scale under Opportunity Cost


Opportunity cost refers to the cost of arable land that farmers are willing to give up to earn income from migrant workers when they engage in agricultural production. When income from farming is significantly lower than that of migrant workers, farmers will leave their families to work in cities. However, when the two incomes are equal, farmers prefer to stay in their rural hometowns [32]. Existing research has indicated that moderate farming scale under opportunity cost refers to the area of arable land that farmers need to cultivate when their income is equal to that of migrant workers under the current productivity level [33]. Accordingly, defining a moderate farming scale based on opportunity cost is ideal. Migrant workers in cities face difficulties in household registration, schooling for children, and supporting the elderly. Moreover, migrant workers have had markedly limited access to social benefits compared with the majority of urban workers, face immense pressure on survival, and lack a strong sense of life identity [34]. When income from farming is slightly lower than that of migrant workers, farmers also have the willingness to return to their rural hometowns. Therefore, combined with the results of the questionnaire survey, this paper corrected the income from farming to make it less than 80–60% of the income of migrant workers under the analysis of opportunity cost.




4.2. Traditional Planting Mode


China needs huge amounts of food to feed the world’s largest population. Wheat, maize, and rice are the three major staple grains in China, and their output is directly related to national food security. Henan Province is a large grain-producing province, and its traditional planting mode is winter wheat/summer maize, or winter wheat/summer rice [35]. In 2020, Henan Province’s total grain output was 68.258 million tons, accounting for about one-tenth of the national total; wheat output was 37.5 million tons, accounting for about one-third of the national total; agricultural population was 25.83 million, accounting for over 10% of the national total [36]. Given that Henan Province shoulders the important task of stabilizing food security, it should optimize the traditional planting mode and steadily increase food production.



Henan Province has an average annual water resource volume of 40.353 billion cubic meters and per capita water resources of only about 370 cubic meters. This province has severe a water shortage and is not suitable for large-scale planting of commercial crops, such as forest fruits and vegetables, which consume considerable amounts of water [37]. Most Chinese farmers were born in a relatively poor period (i.e., 1960s and 1970s), they have low-level education and lack the ability to master the professional skills of economic crop planting. Wheat, maize, and rice have a long history of cultivation in Henan Province, and farmers have rich planting experience. Therefore, for national food security and considering the farmers’ capabilities, the traditional planting model with wheat, rice, and maize as main crops should be continuously developed. In addition, China’s rural development relatively lags behind, the degree of agricultural modernization is low, and high-tech agriculture has yet to gain popularity; this leads to a relative vulnerability of agricultural development. Evidently, the American agricultural model dominated by large-scale farms with high capital and technical input is unsuitable for China. However, the experience of small- and medium-sized farms represented by France and Germany is more valuable [38]. The traditional planting mode referred to in this paper refers to small- and medium-scale farming modes, with wheat, rice, and maize as dominant crops.





5. Results


5.1. Income from Farming


Planting modes of farmers in the survey sample include two types: winter wheat/ summer maize and winter wheat/summer rice. Huaxian, Huojia, and Suiyang have only the planting mode of wheat/maize, while Mengjin, Xixian and Yuanyang have both planting modes. After processing the survey data, the average annual farming income under the two planting modes was calculated based on the input–output difference. Through the questionnaire survey, the ratio of wheat/maize to wheat/rice in counties where the two planting patterns coexist was 4:1, and the average annual income of the selected counties was calculated (Table 4). Note the following average annual income from farming per hectare of arable land in the six selected counties: USD 4034.25, 4590.78, 4271.41, 4338.66, 3849.65, and 3235.17, respectively.



The latest data released by the People’s Government of Henan Province in 2020 indicate that the per capita arable land area in Henan Province was 0.075 ha [39]. Therefore, per capita annual farming income of the six counties could be estimated as follows: USD 336.73, 383.18, 356.52, 362.13, 321.32, and 270.03, respectively. According to the Henan Provincial Bureau of Statistics, farming income in 2021 was substantially lower than the annual income of USD 7518.28 per capita for urban employees [40]. To significantly increase farming income under the existing farming mode is difficult owing to the fragmentation of agricultural land, small-scale arable land, and lack of agricultural technical support. Agriculture has gradually lost its attractiveness to rural youth, thereby exacerbating rural population loss.




5.2. Income from Migrant Workers


Destinations of farmers going to cities to work are mainly domestic megacities, such as Zhengzhou (capital city of Henan Province), Beijing, and Shanghai. Over 70% of rural migrant workers only have a junior high school education or below. Moreover, most of them lack professional skills, and they can only engage in some physical jobs, such as construction workers, restaurant waiters, and taxi drivers. Most of these jobs are manual labor that urban residents are unwilling to engage in. After deducting daily expenses, average daily income of migrant workers is in the range of USD 15.63–31.25. Migrant workers in the six counties had a slight difference in their preferred destinations (Table 5).



Most migrant workers have left their parents or children in their rural hometowns. Influenced by the traditional Chinese custom, migrant workers will stop working during the Spring Festival and return to their hometown to reunite with parents and children. Therefore, migrant workers often do not work throughout the year. Annual working time is calculated as 10 months, and average annual income of each migrant worker is USD 5255.63, which is 15.36 times the annual income of USD 342.18 for farming. Evidently, there is a significant income gap between home farming and migrant work.




5.3. Moderate Farming Scale


5.3.1. Moderate Farming Scale under Opportunity Cost


Opportunity cost theory indicates that when the income from farming is equal to income from migrant workers, the area of arable land that should be cultivated is a moderate farming scale. On the basis of the above data on the average annual income of farming and migrant workers, the correction factor of Formula (1) was 1, and the moderate farming scales of Huaxian, Huojia, Mengjin, Suiyang, Xixian and Yuanyang were calculated at 1.39, 1.17, 1.22, 1.08, 1.34, and 1.01 ha, respectively (Figure 4).




5.3.2. Corrected Moderate Farming Scale


Social insurance system for migrant workers in cities is lacking, and problems related to housing, social security, medical care, education, and pensions for migrant workers cannot be solved in cities. Therefore, migrant workers are willing to return to their rural hometowns to engage in farming even when their income from farming cannot match the income of migrant workers. According to questionnaire survey feedback, over 90% of migrant workers are willing to return to their rural hometowns when income from farming reaches 80% of that of migrant workers. When income from farming reaches 60% of that of migrant workers, 70% of migrant workers are also willing to return to their rural hometowns. Therefore, we took the correction coefficients of Formula (1) as 0.8 and 0.6 to calculate the corresponding moderate farming scales.



When the correction coefficient was 0.8, moderate farming scales per capita in the six counties were 1.11, 0.94, 1.11, 0.86, 1.07, and 1.34 ha, respectively. When the correction coefficient was 0.6, moderate farming scales of households in the six counties were 0.84, 0.70, 0.73, 0.65, 0.80 and 1.01 ha, respectively (Figure 5).





5.4. Agricultural Population Estimation


Arable land in Henan Province was derived from the land use data interpreted from Landsat TM/ETM+ images in 2020. According to statistics, arable land area of Henan Province in 2020 is 103,209.97 km2, mainly distributed in the central, eastern and northern areas of the province (Figure 6). In particular, arable land areas of central, eastern, northern, southern, and western Henan were 25,132.72, 17,791.40, 12,107.32, 30,321.06, and 17,857.41 km2, respectively.



Moderate farming scale of the whole five regions in Henan Province was represented by the moderate farming scale of each sample county (moderate farming scale in central Henan was represented by the average value of Huojia and Yuanyang). On the basis of arable land area and moderate farming scale, Formula (2) was used to calculate the agricultural population supported by Henan Province (Figure 7).



	(1)

	
Under opportunity cost, when the coefficient of Formula (2) was 1, agricultural populations supported by central, eastern, northern, southern, and western Henan were 1.7745, 1.6526, 0.8702, 2.2706, and 1.4707 million people, respectively. Total agricultural population of Henan Province was 8.0386 million people;




	(2)

	
When the coefficient of Formula (2) was 0.8, agricultural populations supported by central, eastern, northern, southern, and western Henan were 2.2174, 2.0664, 1.0881, 2.8379, and 1.8381 million people, respectively. Total agricultural population of Henan Province was 10.0479 million people;




	(3)

	
When the coefficient of Formula (2) was 0.6, agricultural populations supported by central, eastern, northern, southern, and western Henan were 2.9571, 2.7537, 1.4502, 3.7830, and 2.4502 million people, respectively. Total agricultural population of Henan Province was 13.3942 million people.







In 2020, the rural registration population in Henan Province was 51.3714 million, and the agricultural population under opportunity cost accounted for only 15.65% to 20.07% of the rural registration population. Evidently, there was large difference between the two populations. The results will have important implications for future village governance, industrial development, and facility layout in rural areas.





6. Discussion


6.1. Rural Public Management and Economic Pracitice


Loss of rural population, particularly the youth, has results in China’s rural revitalization strategy facing labor shortage crisis [41]. This study found that under opportunity cost, rural Henan Province can attract up to 13.39 million migrant workers to return to their rural hometowns. These workers can provide significant talent guarantee for rural revitalization. However, the gap between urban and rural development in China is huge, and such problems as backward village governance and lagging economic development are common in rural areas; these aspects are the main factors for rural-to-urban migration [42]. Therefore, the rural government needs to take measures to improve public management and develop village economy to ensure that migrant workers are willing to return to their hometowns, and more importantly, they will stay in rural areas.



The first measure is to improve the rural pension insurance system. Urban employers often pay pension insurance for employees, thereby enabling them to receive ample pension after retirement. However, China’s rural areas implement the basic pension insurance system by the government for free. The pension received by farmers is markedly lower than that of urban residents, so may be unable to support their later life. Therefore, the same occupational pension insurance system as in cities should be established in rural areas. Under the system of government subsidies and farmers’ self-payment, farmers can receive significantly improved pensions and address the worry of returning migrant workers with their inability to support the elderly.



The second measure is to develop agro-processing and the service economy. Under the mode of moderate-scale farming, the farmland cultivated by farmers is larger than before, and the large-scale production of crops can be realized. Rural areas should develop an agro-processing economy according to local conditions, and process crops produced by farmers into agricultural commodities. The agro-processing economy can not only increase the value of agricultural production, but also provide jobs for farmers during slack farming, which will significantly increase the income of returning migrant workers. On the other hand, due to the expansion of the scale of farming, farmers are more dependent on the use of agricultural machinery, which will also generate greater demand for the agricultural machinery service. Therefore, in the future, rural areas should vigorously develop a service economy such as agricultural machinery maintenance.




6.2. Implications for Village Territorial Spatial Planning


Village territorial space planning is the direct basis for rural development orientation, territorial space control, and management of various construction activities [43]. The village territorial spatial planning is mainly to improve the infrastructure and reconstruct the land use pattern, so as to realize the rural revitalization goal of suitable living and a beautiful environment in rural areas. The Chinese government is promoting the preparation of the village territorial space planning. Moderate farming scale and agriculture population are estimated to have important guiding significance for the village territorial spatial planning.



Migrant workers returning home under opportunity cost will be different from the original rural population in size and spatial distribution. Many rural infrastructures have been abandoned or are unable to meet the needs of returning migrant workers for a better rural life. Family members, such as parents and children, accompany migrant workers back to rural areas. They have new requirements for the layout and scale of public facilities, especially elderly care and educational facilities. Therefore, when planning the village territorial space, rural infrastructure should be rationally arranged and upgraded to the predicted scale of returning migrant workers to realize the spatial reconstruction of rural natural and social resources. Moreover, previous small-scale farming practices have resulted in small patches of arable land that were common in rural areas, but which is not conducive to the expansion of the farming scale. Village territorial space planning can arrange farmland consolidation projects according to a moderate farming scale. The estimated agricultural population also can guide the reclamation of abandoned rural homesteads, reconstruct rural living and production space, and achieve intensive and efficient use of rural construction land.




6.3. Reform the Rural Land System


Rural land contractual management rights implemented in rural China have a 30-year term and can be automatically renewed upon expiration [44]. Moreover, rural land is collectively owned and cannot enter the land market for circulation [45]. The system of land contractual management rights enables every farmer in China to obtain land for self-management, thereby contributing significantly to solving farmers’ food and clothing problems in the past poverty period [46]. However, this land system based on small-scale farming by farmers has difficulty in expanding the farming scale and increasing farming income, thereby proving problematic for encouraging migrant workers to return to rural areas. To implement the national strategy of rural revitalization, the reform of the rural land system is imperative. Chinese farmers have traditional materials and emotional dependence on farmland, and rural land system reform cannot deprive them of their right to contract land, even if they are no longer engaged in agriculture. Farmers should be encouraged to transfer the land they no longer cultivate to returning migrant workers who are willing to engage in farming.



The specific measure is to separate the contract right and management right of rural land from the rural land contractual management right. Accordingly, “division of three rights” in rural land should be realized: (1) land ownership is collectively owned; (2) land contract right continues to be owned by the original owner; and (3) land management right is owned by the returning migrant workers who implement large-scale land farming. On the basis of maintaining the public ownership system of land in China, such a reform protects the existing land rights and interests of farmers, facilitates the transfer of management rights to returning migrant workers, and helps to achieve moderate farming scale under opportunity costs. Moreover, the distribution of agricultural subsidies should be mainly targeted at farmers who actually cultivate arable land, and technical training and guidance should be given to them.




6.4. Research Limitations


This paper uses the opportunity cost analysis method to calculate the moderate farming scale, and further estimated the agricultural population supported in rural areas, which is of great significance for future village governance and rural revitalization. However, there are still some limitations that need to be improved in future research: first, the number of interviewees in the questionnaire survey is relatively small, and large-scale interviews are required for large-scale provincial research areas to obtain rich data to better support the research conclusions; second, the traditional planting model may not be suitable for some specific areas, so the future rural revitalization must be a diversified development model where the agricultural population estimation under various farming modes can be carried out for small-scale research areas.





7. Conclusions


This paper used Henan Province, China’s main grain-producing province, as an example and selected six representative counties to conduct a questionnaire survey. By investigating farmers’ income from farming and migrant workers’ income, the moderate farming scale to meet the return of migrant workers was calculated under the opportunity cost, and agricultural population that can be supported by arable land in Henan Province under the moderate farming scale was estimated. The outcomes have an important reference for the implementation of the rural revitalization strategy and preparation of the village territorial spatial planning. The main conclusions are as follows:




	(1)

	
Under the traditional planting mode of wheat/maize and wheat/rice, annual per capita income of farmers in Henan Province was USD 342.18, and annual per capita income of farmers working in cities was USD 5255.63. Farmers’ income from farming was considerably lower than that of migrant workers. The huge income gap has prompted numerous young rural laborers to give up farming and leave the rural areas to work in cities;




	(2)

	
Under the opportunity cost of farming income equal to migrant workers income, the moderate farming scales of Huaxian, Huojia, Mengjin, Suiyang, Xixian and Yuanyang were 1.39, 1.17, 1.22, 1.08, 1.34, and 1.01 ha, respectively; under the opportunity cost of farming income of 0.8 or 0.6 times the income of migrant workers, moderate farming scales per capita in the six counties were 1.11, 0.94, 1.11, 0.86, 1.07, and 1.34 ha, respectively; and 0.84, 0.70, 0.73, 0.65, 0.80 and 1.01 ha, respectively;




	(3)

	
On the basis of the scale of arable land in Henan Province in 2020, agricultural population that can be supported by the province’s rural areas under full, 0.8 times, and 0.6 times opportunity costs were 8.0386 million, 10.0479 million and, 13.3942 million, respectively. The results provide guidance for optimizing rural infrastructure, rural land system reform, and village spatial reconstruction.
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Figure 1. Problems caused by the loss of rural population: (a) Left-behind elderly and children. (b) Abandoned homesteads. (c) Small patch arable land. (d) Abandoned arable land. 
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Figure 2. Location and terrain of Henan Province (The administrative division vector data were downloaded from the Global Administrative Division Database (http://gadm.org/) (accessed on 12 May 2022)). 
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Figure 3. Types of work of migrant workers. 
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Figure 4. The moderate farming scale under opportunity cost. 
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Figure 5. Corrected moderate farming scale. 
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Figure 6. Arable land in Henan Province in 2020. 
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Figure 7. Agricultural population supported by Henan Province. 
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Table 1. Distribution of questionnaire samples.
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	Number of Questionnaires
	Huaxian
	Huojia
	Mengjin
	Suiyang
	Xixian
	Yuanyang
	Total





	Interviews
	50
	50
	50
	50
	50
	50
	300



	Available
	50
	48
	49
	48
	48
	50
	293
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Table 2. Economic benefits of farming per hectare of arable land.
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Indexes

	
Wheat

	
Maize

	
Rice






	
Expenditure

	
Seed (USD)

	
163.80

	
180.32

	
252.18




	
Fertilizer (USD)

	
327.60

	
352.54

	
308.46




	
Pesticide (USD)

	
166.14

	
170.07

	
73.71




	
Irrigation (USD)

	
58.50

	
72.42

	
165.39




	
Machinery rental (USD)

	
293.23

	
293.23

	
175.73




	
Total (USD)

	
1011.61

	
1068.58

	
975.48




	
Income

	
Sbusidies (USD)

	
234.00

	
234.00

	
234.00




	
Yield (kg/ha)

	
7811.10

	
8550.00

	
10,984.05




	
Sales Prices (USD/kg)

	
0.15

	
0.15

	
0.17




	
Total (USD)

	
2963.49

	
3248.39

	
4517.79




	
Net income (USD)

	
1951.89

	
2179.80

	
3542.32
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Table 3. Information of migrant workers.
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Items

	
Frequency

	
Percentage






	
Gender

	
Male

	
170

	
58%




	
Female

	
123

	
42%




	
Age

	
Under 50

	
261

	
89%




	
Over 50

	
32

	
11%




	
Education

	
Primary school or below

	
44

	
15%




	
Junior high school

	
173

	
59%




	
High school

	
44

	
15%




	
Above high school

	
32

	
11%




	
Job type

	
Construction

	
94

	
32%




	
Manufacturing

	
103

	
35%




	
Service industry

	
75

	
26%




	
Odd job

	
21

	
7%




	
Income

	
—

	
—

	
—
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Table 4. Farming income from traditional planting patterns in selected counties (unit: USD).
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	Counties
	Wheat/Maize
	Wheat/Rice
	per Ha Income
	per Capita Income





	Huanxian
	4034.25
	—
	4034.25
	336.73



	Huojia
	4590.78
	—
	4590.78
	383.18



	Mengjin
	4166.93
	4689.36
	4271.41
	356.52



	Suiyang
	4338.66
	—
	4338.66
	362.13



	Xixian
	3533.31
	5115.03
	3849.65
	321.32



	Yuangyang
	2906.89
	4548.26
	3235.17
	270.03



	Average
	3928.46
	4784.22
	4099.61
	342.18
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Table 5. Income from migrant workers in selected counties (unit: USD).
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	Income
	Huaxian
	Huojia
	Mengjin
	Suiyang
	Xixian
	Yuanyang
	Average





	Daily
	18.75
	17.97
	17.45
	15.63
	17.19
	18.13
	17.52



	Monthly
	562.50
	539.06
	523.59
	468.75
	515.63
	543.75
	525.56



	Yearly
	5625.00
	5390.63
	5235.94
	4687.50
	5156.25
	5437.50
	5255.63
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