

  land-11-01863




land-11-01863







Land 2022, 11(10), 1863; doi:10.3390/land11101863




Article



Centennial Change and Source–Sink Interaction Process of Traditional Agricultural Landscape: Case from Xin’an Traditional Cherry Cultivation System (1920–2020)



Maolin Li 1,2,3, Yongxun Zhang 4,*, Changhong Miao 1,2, Lulu He 5 and Jiatao Chen 1





1



Key Research Institute of Yellow River Civilization and Sustainable Development & Collaborative Innovation Center on Yellow River Civilization Jointly Built by Henan Province and Ministry of Education, Henan University, Kaifeng 475001, China






2



Laboratory of the Yellow River Cultural Heritage, Henan University, Kaifeng 475001, China






3



Rural Vitalization Research Institute, Dabieshan Executive Leadership Academy, Xinyang 465550, China






4



Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China






5



College of Humanities and Development Studies, China Agricultural University, Beijing 100094, China









*



Correspondence: zhangyongxun@caas.cn; Tel.: +86-010-82106193







Academic Editors: Andrzej Bobiec, Simay Kirca, Ian Rotherham and Peter Bridgewater



Received: 5 September 2022 / Accepted: 18 October 2022 / Published: 21 October 2022



Abstract

:

In contrast to modern agriculture, long-standing traditional agricultural practices such as agricultural heritage systems (AHS) are important inspirations for promoting harmonious human–land relations. However, some AHS have been in danger as their traditional agricultural landscapes (TALs) were changed by rapid modernization and urbanization. Thus, how do we figure out the change processes? What conservation measures can be taken? Taking the Xin’an Traditional Cherry Cultivation System in the loess hilly areas of Henan Province as a case, this study introduced the source–sink landscape theory to analyze the structure and process of the TAL during 1920–2020. Results show that, during 1920–1950, the traditional rural landscape (TRL) and the agricultural (natural) ecological landscape (ANEL) in the TAL were relatively balanced because they were source and sink to each other. Since 1985, the source expansion and sink resistance of both TRL and ANEL have been greatly hindered by the sink growth of modern village landscapes (MVL). As the core source landscape, TRL needs salvage protection for inheriting local characteristics by effective measures. TAL conservation should highlight rurality preservation through expanding the protection scope of TRL, endowing the MVL with more indigenous cultural features, etc. All these may contribute to rural vitalization and sustainable development.
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1. Introduction


Human disturbances to ecosystems are increasing global environmental risks [1,2], such as severe climate change, accelerating biodiversity reduction, destructive land use and cover change, etc. [3,4,5]. Meanwhile, they have led to the frequent local cultural severance and alienation, the loss of cultural landscape diversity, and the frequent occurrence of contradictions between people and land [6,7,8]. Traditional equilibrium in local biocultural systems has been ruined or is being destroyed. The state of cultural landscape is the window of the local human–land relationship [9,10]. With the past few decades of rapid globalization and urbanization, a lot of traditional cultural landscapes have been coexisting with or replaced by the emerging modern ones [11]. These changes are seen as a negative evolution and a rising threat because they always lead to the loss of diversity, coherence, and identity of the existing landscapes [11]. Therefore, there is a growing need of developing innovative approaches and sound management strategies for preserving traditional cultural landscapes, especially traditional agricultural landscapes (TALs) in villages [12,13,14,15,16].



Global agriculture is also at risk. The global agricultural land area decreased from 4.880 billion ha in 2000 to 4.744 billion ha in 2020 [17,18]. Meanwhile, with continuous innovation and popularization of agricultural technologies, agricultural ecosystems in the world increasingly depend on environmental input and human care. The self-balancing ability of agricultural ecosystems is degrading [19]. These visible and invisible changes have decreased global agricultural sustainability [20,21]. Noteworthily, to promote sustainable agriculture is listed as one of the core food and agriculture-related targets in Sustainable Development Goals (SDGs) [22,23,24,25]. Studies show that the conservation of steady-going TALs can reduce land use change and improve agricultural diversity [26]. The improvement of agricultural diversity promotes aboveground and belowground biodiversity and multiple ecosystem services without compromising yield [27]. Thus, to carry forward sustainable intensification of agriculture without harming TALs is essential and crucial to human prosperity and global sustainability [28,29,30]. China as a country is enjoying the largest population in its history, while also facing a series of agricultural and rural problems [31,32,33,34,35,36]. With the implementation of the National Strategy of Rural Vitalization, finding agricultural sustainable development route is more decisive for the future viability of Chinese rural areas.



In the past 20 years, Globally Important Agricultural Heritage Systems (GIAHS) have been highly concerned by international society for their important value in maintaining agricultural sustainability. In 2002, GIAHS was initiated and defined by FAO as “Remarkable land use systems and landscapes which are rich in globally significant bio-diversity evolving from the co-adaptation of a community with its environment and its needs and aspirations for sustainable development” [37]. Up to now, 67 GIAHS have been named. Based on GIAHS criteria, China initiated the China-Nationally Important Agricultural Heritage Systems (China-NIAHS) in 2012 and established criteria for selection, conservation and management [38]. Presently, 6 batches have been designated, totaling 138 China-NIAHS. Each Agricultural Heritage System (AHS) has kept different TALs and traditional farming systems for at least 100 years. An AHS usually possesses advantages in preserving local culture and providing diverse ecosystem services, such as adapting to climatic fluctuations, resisting diseases and insect pests, producing pollution-free and healthy food, and maintaining local biodiversity and ecological balance [37,39,40,41,42,43]. Thus, these AHS are important resources for agricultural sustainability improvement and resilience maintenance in rural areas. No matter in the administrative, civil or academic circles, the cultural landscape value, tourism development, and conservation measures of the AHS have received unprecedented attention.



AHS conservation has been widely explored. As agricultural landscapes are alive, the AHS stress the importance of the existing system and ask for dynamic conservation and adaptive management [37,41,44]. Traditional culture in AHS sites is able to maintain the stability of TALs through its pull and resistance [45]. However, some AHS sites have been confronting a vicious circle of “idle landscape resource, poverty, population loss, destruction of landscape ecology, landscape resource disappearance” [46]. Thus, AHS elements must be used to improve local households’ income by making new policies [47,48,49], for example, by paying for ecosystem service, developing multi-value of AHS [50,51], provide financial support, cutting taxes [42], and ensuring the participation of multiple stakeholders [52]. Under the support of these policies, ecosystem services including landscapes, cultures, etc. were developed for tourism to positively drive farmers and citizens together to protect the composite agricultural heritages [53,54]. The landscape structures, changes, and causes of AHS have been researched. For example, Slovak scientists researched the structures, persistence, distribution, mapping, abandonment situation, and management countermeasures of the TALs in their country, such as the traditional orchard landscape [55,56,57,58]. Kizos and Koulouri (2006) examined the dynamics of TAL changes on a Greek island with a descriptive model of landscape transformation in the last three centuries [59]. These innovative explorations are insightful for adaptive conservation of TALs. However, it is rare but valuable to find a universal theory to explain the change mechanism of TALs to deepen their cognition, exploration, and conservation based on structure and process analysis.



The source–sink landscape theory proposed by Chen et al. (2008) provides insights into the common landscape structure formed by the process of interaction between the source landscapes and the sink landscapes, which are the two components constituting the whole landscape [60,61,62,63]. The main purpose of the theory is to explore the impacts of the spatial dynamic balance between different landscape components on the ecological process of the whole landscape, so as to find the landscape spatial pattern suitable for a region. Xiong et al. (2019) discussed the application of the theory in the protection and control of traditional villages and landscapes [64]. Until now, the application of this theory in TAL is still rare.



Henan Province of China, the key origin center of Chinese agriculture and historical civilization, is the core area of the country’s Major Strategy of Ecological Conservation and High-quality Development of the Yellow River Basin. The province is in the stage of fast urbanization and industrialization. Smallholder farming has dominated and shaped the TALs, whereas traditional landscapes with characteristic regional cultural features have been changing due to industrial expansion and loss of rural population [36,65,66]. AHS conservation is urgent and arduous in the province. Xin’an Traditional Cherry Cultivation System (XTCCS) in northwestern Henan Province, a relic and representative of the traditional forestry and fruit system in northern China, is acknowledged as the key object of the province’s AHS conservation task. With the largest and oldest Chinese cherry [Cerasus pseudocerasus (Lindl.) G. Don] forestry landscape in China, it was listed as China-NIAHS in 2017 [67]. Although possessing high historical value, it has been in a conservation situation far from optimistic [67]. This study attempted to apply the source–sink landscape theory to figure out and explain the structure change and evolution process of the TAL of XTCCS in the past century, analyzed the causes of these changes, and finally proposed corresponding adaptive conservation measures. We think the findings may provide a new perspective for cultural landscape conservation, agricultural sustainable development and rural vitalization, and also may enrich cases for better AHS conservation.




2. Materials and Methods


2.1. Study Area


The XTCCS (112°10′5″–112°19′9″ E, 34°42′44″–34°49′27″ N) is situated in Wutou Town, Xin’an County, Luoyang City, and in the loess hilly and gully areas of the He Luo National Cultural Ecology Reserve (Figure 1). It is a traditional forestry system with historical and cultural value. The system is 89.5 km2 in area, covering 27 villages. The altitude is 220–410 m, and the terrain slope is relatively gentle. The climate belongs to the continental monsoon climate of the northern warm temperate zone, with sufficient sunlight, mild climate and four distinct seasons. The average annual temperature is 14.5 °C, the average annual sunshine hours are 2186.9 h, the average annual total solar radiation is 115.2 kcal/cm2, the average annual frost-free period is 216 d, and the average annual precipitation is 624.5 mm. Precipitation is unevenly distributed in time and space, and drought often occurs.



A 17-km long cherry orchard called “Cherry Valley” was historically formed in the southeastern loess valleys of the county. The record of cherry cultivation began in the Eastern Han Dynasty (25–220 A.D.). Since this dynasty, the cherry fruits produced had always been a palace tribute. In the Tang Dynasty (618–907 A.D.), the Emperor Tai Zong, the only female Emperor Wu Zetian, and the celebrated poet Bai Juyi all wrote poems praising these cherries and cherry trees. Li Shizhen (1518–1593), a Chinese medicine expert in the Ming Dynasty, wrote in his world-famous Chinese pharmacopeia Compendium of Materia Medica (Pinyin: běn cǎo gāng mù; Chinese: 本草纲目) that “The cherries produced around Luoyang are the best”.



In XTCCS, 30 ancient trees over 1000 years old still produce considerable economic benefits and play the main role in shaping the local landscapes. The oldest among them are 1400 years old. Meanwhile, about 2200 ancient trees over 100 years old constitute the large-scale forests. People worship the trees, and numerous folk tales and legends have been told about them. The fruits produced enjoy the titles of “Agri-products Geographical Indications of China” and “Famous Local Products”, and have always been the main source of livelihood for local people.



Historically, the traditional local cherry varieties have been known for their big, tasty, and good-looking fruits, and were loved by royalty, dignitaries, and commoners alike. After the Reform and Opening-up, traditional cherry economy was once in the doldrums. 1992 onwards, some Large Cherry (Chinese: 大粒樱桃) varieties from abroad was introduced and planted in the dry terraces outside the “Cherry Valley”, then a large number of farmlands were changed into Large Cherry orchards. In 2017, the XTCCS was designated as China-NIAHS to enhance its protection and utilization.



In the XTCCS site, the zone (112°15′14″–112°18′33″ E, 34°42′45″–34°44′43″ N) with an area of 7.89 km2 is the Core Zone. Most ancient orchards have been concentrated in this zone, covering most of Matou Village, Dushu Village, and Dawa Village. It is the TAL Core Zone and also the most dominant tourist footprint coverage area within the XTCCS site (averaging 86.3% of the total tourist footprint coverage area of XTCCS for many years). The main purpose of the tourists is to experience the local AHS traditional agricultural landscape.



Since 2010, the government has held the “Xin’an Cherry Economy and Culture Festival” every year (Figure 2). Picking fruits, buying fresh fruits, and visiting ancient trees attract tens of thousands of tourists and citizens every year. After becoming a China-NIAHS, the traditional orchard landscape and rural landscape together have become a widely influential cultural tourism hotspot.




2.2. Introduction to the Source–Sink Landscape Theory


2.2.1. Theoretical Introduction


Linking and integrating landscape pattern analysis with ecological processes analysis is an innovative solution for landscape studies. The “Source–sink” analysis is commonly used in air pollution research, by which the movement direction and pattern of different pollutants in air can be clearly identified. Similarly, for any ecological process, it can be considered as the balance between the source and the sink in space. Thus, the concepts of “source” and “sink” could be employed to the research of landscape pattern and ecological processes [60].



The theory mainly includes: (1) In a region, for a certain ecological process, different landscape types can be divided into two groups: “source” landscape and “sink” landscape. “Source” landscape is the origin of the ecological process, while “sink” landscape refers to the process disappearance. Thus, the key point to distinguish a “source” landscape from a “sink” landscape is to identify the effect of the landscape on the ecological process [60]. (2) A “source” or “sink” landscape is recognized with regard to the specific ecological process. A “source” landscape for an ecological process may meanwhile acts as a “sink” landscape for another ecological process. Therefore, the ecological process should be determined before the “source” and “sink” landscape are defined [60]. (3) For the development of the same ecological process, the contribution of different “source” or “sink” landscapes may vary from each other. It is required to determine the weight of each landscape type on the ecological process [60]. (4) Each “source” or “sink” landscape has its own development direction and trend. The interactions and dynamic balance between the “source” landscapes and “sink” landscapes form the common landscape structure applicable to diverse ecosystems (Figure 3). The source–sink landscape theory was used to explain the law and mechanism of landscape changes. It contributes to making effective landscape conservation measures.




2.2.2. Definition of Relevant Concepts for the Theory’s Application


The TAL Core Zone of XTCCS can be divided into three subzones according to the land use features (Figure 4). (i) Traditional Rural Landscape (TRL) (Figure 5a1,a2). This is centered on ancient orchards and surrounding traditional settlements, covering some agricultural production space near settlements, which is a human–land complex ecosystem landscape with a long history of man and nature having a symbiotic relationship. The ancient cherry orchards are located at the bottom and lower part of the loess valley, which is warm, less windy, and less drought-prone. The traditional dwellings are loess cave dwellings built in the sidewalls near the lower part of the valley, with courtyards outside the cave dwellings. Some of the courtyards also have adobe or tile-roofed houses. Such dwellings are warm in winter and cool in summer, and convenient to get water from the bottom of the valley. (ii) Agricultural (Natural) Ecological Landscape (ANEL) (Figure 5b). This is mainly composed of Large Cherry orchards (appeared and expanded since the middle 1990s), croplands, shrublands, shelterbelts, uncultivated loess hills, and side slopes, which constitute the dry terraced farming system and its surrounding natural environment. The types of crops grown are traditional and include winter wheat, corn, soybeans, sweet potatoes, and peanuts. (iii) Modern Village Landscapes (MVL) (Figure 5c). They are the new emerged landscapes with improvements in traffic conditions, changes in housing conditions, and the development of rural commerce and trade, since entering the modern society. They are intermittently distributed along the traffic lines as patches, or embedded in the matrixes of the first two landscapes. In the past thirty to forty years, with the continuous construction of urban–rural roadways, national highways, and expressways at the upper part of the loess hills, the demand for travel and commerce led some villagers to move out of the valley and build bungalows or multistory houses to live beside the roads. New bazaars were then gradually formed.



In this study, the ecological process denotes the structural and functional changes of the composite ecosystem under the participation of human activities, which is the process of TRL interacting with MVL and ANEL evolution in the past century. During this century, landscapes of rural areas went through a vast change in China due to scientific and technological development, political institution, and economic system changes, as well as the changes in people’s thoughts and values. Taking XTCCS as a case, this study aims to depict and explain the ecological process change that the traditional landscapes competed with the modern ones under a different social background using the source–sink landscape theory. According to the national requirements, China-NIAHS must be protected, rather than allowing them to be swallowed up, transformed, or eliminated by modernized or industrialized agriculture and rural development [67]. XTCCS, as a China-NIAHS, has gone through multiple stages of ecological process changes with the Founding of PRC, the Reform and Opening-up, and the Ecological Civilization Construction, eventually becoming a China-NIAHS and conserved since 2017. This study, on its ecological process, contributes to the understanding of landscape change laws and influence mechanism in rural areas.





2.3. Methodological Framework


The study focuses on exploring the application of source–sink landscape theory in the structure changes and process analysis of the TAL of XTCCS with the changes of the times, which supports the following discussion of TAL conservation strategy. In the past century, China experienced several vast changes in political institutions, scientific and technological development, and developmental policies. TAL changes of XTCCS can also be divided into serval stages due to the influences of these important revolutions. The detailed time nodes need to be identified based on the field surveys. The methodological framework is shown in Figure 6.



(1) Field investigation and analysis. Firstly, base investigations were carried out through multiple channels, such as data access, inquiries, and field trips, to master the physical geography, socio-economic, and cultural conditions of the XTCCS [68]. Secondly, during the fruit picking period in May 2019 and May 2020, in-depth interviews were conducted in the covering villages. The interviewees were 27 village heads and 27 traditional cultivation farmers over 70 years old, who were the only ones having had first-hand experience with traditional agriculture and the TALs. Topics focused on include: (i) How is the XTCCS conserved and utilized? What is the main problem? (ii) What changes have taken place in the XTCCS landscape in the last 100 years? What do you think of these changes? (iii) What is your suggestion for better conservation and utilization of the XTCCS? Then, data about the problems existing in the TAL conservation were sorted and analyzed. Finally, the results were printed on a poster and made into a PPT with photos to facilitate the following display for review.



(2) Focus group meeting. Based on the fieldwork findings, a focus group scheme was employed as a qualitative research technique with local participations [52,69], in order to evaluate and determine key information related to the TAL. The key information includes: (i) problems in the TAL conservation (Session 1); (ii) delimitation and historical zoning of the core zone of TAL (Session 2). The focus group involved relevant stakeholders (Table 1). All stakeholders involved had the ability to influence landscape changes directly or indirectly. The local farmers and governments directly determine the status of cultivation and landscape, while the other stakeholders are affected by the decisions of the formers.



On 20 May 2021, a panel focus group was organized as a one-day roundtable in Xin’an County. Session 1 aimed to extract generally agreed fieldwork findings through collective discussion. One experienced participant was selected as the recorder. After the presentation of the poster and PPT by researchers, every participant freely voiced their views. The results were discussed and revised repeatedly until approved by all. Session 2 proceeded to reach a consensus on determining the TAL Core Zone as the research case of the TAL changes, determined on adopting the zoning form and subzone types in Section 2.2.2 in the subsequent historical zoning, then selected the key historical time nodes, and finally determined the boundary of each subzone at each time node. The work was done by referring to historical remote sensing images, old maps, and old photos borrowed or photocopied from archives, libraries, governments, and native experts. The production years of these references correspond to those time nodes. The process for reaching agreement was the same as in Session 1.



(3) Area calculation. The boundary vectorization and area calculation of the Core Zone and subzones determined by Session 2 at each time node were conducted by ArcGIS. Then, the proportion of each subzone’s area in the total area of the Core Zone at each time node was calculated with Excel.



(4) Source–sink analysis. According to the ecological process determined in Section 2.2.2, the TAL Core Zone was divided into a source landscape and a sink landscape, which changed dynamically due to the influence of internal and external driving factors. Then, the source–sink structure and process of the Zone at each time point was modeled in a graph. The process was reflected in the dynamic interactions between the source landscape and the sink landscape. The source–sink structure and process indicated the succession law and trend of the landscape. According to the law and trend, the conservation strategy of the Zone and the TAL was discussed and proposed from a systematic, holistic, and sustainable perspective.



All the data were recorded by Microsoft Excel 2016, relevant geographic data was processed with ArcGIS 10.5, and the figures were drawn by Microsoft Visio 2016. The landscape space terms are from the China national standard Classification of Land Use Status (GB/T 21010-2017).





3. Results


3.1. Change Process of the TAL Core Zone


3.1.1. Change Process at Macro Level


The data of the area of each subzone of the TAL Core Zone at each time node are shown in Table 2. The change process of the TAL structure can be reflected in the variation of the proportions of each subzone area in the total area of the Core Zone at five key historical time nodes during 1920–2020. The time nodes were selected to define certain historical stages based on the significant institutional revolution or reforms of China in history (Table 2): (i) From 1920 to 1949, the traditional family-based, self-sufficient, and small-scale peasant economy was good at intensive cultivation and had remained relatively stable, although it seemed closed and conservative; (ii) from 1950 to 1984, Chinese farmers became the owners of land; (iii) from 1985 to 2004, the Household Contract Responsibility System was working steadily; (iv) from 2005 to 2019, agricultural taxes were completely abolished and the New Rural Construction policy had achieved initial results; (v) since 2020, the Rural Vitalization policy have been comprehensively implemented.



As shown in Table 2 and Figure 7, the landscape structure went through a continuous change process during 1920–2020. (i) The TRL continued to shrink, from 67.93% in 1920 down to 49.68% in 2020; the MVL expanded all the time, and their ratio increased from zero in 1920 up to 20.91% in 2020; and the area of ANEL decreased in slight fluctuations, its ratio being relatively stable between 1920 and 2020. (ii) The TRL were slightly eroded or replaced by ANEL and MVL during 1920–1985. (iii) The TRL and ANEL were replaced by MVL with a faster speed from 1985 onwards. The mechanism of these landscape changes needs to be clarified by analyzing the source–sink dynamic mechanism.




3.1.2. Change Process at Micro Level


From the micro level perspective, many traditional landscapes of cherry orchards have been replaced by new ones or farmlands due to the progress of agricultural technologies and industrialization. For instance, traditional cherry trees were abandoned (Figure 8a) or traditional varieties were replaced by the Large Cherry varieties, whose fruits are large, easy to store and transport, and can be sold at a high price (Figure 8b). Some traditional cherry forests were cut down and transformed into farmland for crops or herbs with a high return on investment (Figure 8c,d). New cultivation models require a lot of irrigation, energy input, and chemical application, which is completely different from traditional cultivation. In recent years, a few traditional cherry trees have been protected by building fences and erecting or hanging protective signs under some policy supports, such as China-NIAHS conservation and ancient and rare trees protection (Figure 8e,f). However, the whole landscapes were still changed to some extent.





3.2. Source–Sink Structure and Process


3.2.1. Source Landscape and Sink Landscape Identification


The appearance of the TAL stemmed from a dynamic equilibrium between the agricultural (natural) ecological patches and the traditional rural patches in the long-term relation of “as one falls, another rises” and mutual constraints. With the development of modernization, industrialization, and urbanization, more powerful land types, such as industrial lands, factory buildings, transportation lines, gas stations, and tourism facilities, continually emerged and occupied a significant amount of agricultural land or settlement land. Meanwhile, the structure of TRL and agricultural landscape has been changed because these new land use types resulted in local people arranging rural settlements and orchards in places with high accessibility. Therefore, the original equilibrium was broken.



Depending on whether it is conducive to maintaining the aimed ecological process described in Section 2.2.2, both the TRL and the ANEL have been source landscapes, while the MVL have been their corresponding sink landscapes since 1950. Meanwhile, with the historical fluctuations of rural socio-economic conditions in the four stages of the past century, the TRL and the ANEL have often acted as source landscape or sink landscape to each other. As shown in Figure 7 and Figure 9, TRL and traditional ANEL could change into each other. When the grain ration was sufficient for a household or a village and cherries have a high price, some farmland was used to plant cherry trees. At that time, ANEL was the source landscape and TRL was its sink landscape. On the contrary, the traditional orchards were transformed into farmland for planting grains or modern orchards for Large Cherries. At this time, TRL became a source landscape and ANEL was its sink landscape.




3.2.2. Source–Sink Structure and Process Model and Its Analyses


In history, the residents of the AHS site tended to live together in valleys with relatively good water, soil, and heat conditions, which were also most needed for the growth of Chinese cherry. They formed settlements, mildly transformed the natural environment, and expanded the available land space through natural products gathering and agricultural work including cherry cultivation, underwood cash crop cultivation, and slope grain crop planting. At the time, due to the low level of productivity, the spatial relationship between the settlements and the natural environment was often symbiotic but mutually squeezing. The natural environment plus human production and living landscape units co-existed within the scope of the initial AHS site, and they were also resistance sink landscapes to each other. A resistance sink landscape is a sink landscape that has a certain resistance to the pressure and influence of other external forces outside the source–sink process in which the landscape itself is involved, and thus, is more difficult to be changed by the forces. The resistance comes from multiple internal and external factors interacting to make the sink landscape relatively stable in existence and expansion.



Since entering the modern era, with the gradual enhancement of human ability to transform nature, the expansion capacity of artificial patches and corridors, such as residential areas, production areas, and transportation lines, has been greatly improved, while the sink resistance of agricultural (natural) ecological patches has gradually weakened. Meanwhile, the source expansion of both agricultural (natural) ecological patches and traditional rural patch has been greatly hindered by the sink growth of the constantly emerging artificial landscape types such as commercial buildings, industrial plants, streets, residential areas, and urban–rural roads. Hence, the former two kinds of landscape gradually shrank, while the latter kind gradually expanded. Figure 9 briefly illustrates the source–sink landscape structure and interaction process, and also shows related historical changes.



To be specific, as shown in Figure 9, the ecological process can be explained by the source–sink theory as follows: (1) during 1920–1950, due to the weak power of local communities and the low market demand, agriculture weakly disturbed the XTCCS. The productivity of farmland and orchards just could meet the demand of local villages, county, or prefecture. Therefore, both TRL and ANEL were the source and sink to each other, and they were in balance. (2) During 1950–1985, orchards and farmland were both operated by rural collectives due to the implementation of collective economic institutions. In this stage, traditional orchards were protected well before 1958, the Great Leap Forward. After 1958, part of traditional orchards was reclaimed into farmland for grains due to China implementing the policy of “Take Grain as the Key Link”. ANEL as a sink landscape has a stronger power than TRL as a source landscape. At the same time, some infrastructures and modern buildings occupied farmland and traditional orchards, and thus, MVL presented as a sink landscape and eroded TRL and ANEL. (3) During 1985–2005, collective orchards and farmland were distributed to hundreds of households with the implementation of the Household Contract Responsibility System with remuneration linked to output. Each household adopted a different diverse land use arrangement based on its actual demand. Meanwhile, more modern infrastructures, buildings for commerce and trade, and residences were built along communication lines. Those relatively homogeneous TRL and ANEL began to diminish, and lots of MVL appeared in the matrix made of them. In this process, some TRL and ANEL (source landscape) became MVL (sink landscape), and part of TRL (source landscape) changed into ANEL (sink landscape). (4) During 2005–2020, the process as happened during 1985–2005 continually accelerated and the introduction of foreign cherry varieties brought some diseases, having damaged or killed ancient trees. They led to the increase of non-forest land. However, the traditional orchards and traditional residences became protected to some extent, owing to the rise of the cultural tourism economy of the “Cherry Valley” since 2010 and China-NIAHS conservation since 2017. Therefore, the speed of TRL (source landscape) changing into ANEL and MVL (sink landscape) has been lowered but not stopped.






4. Discussion


This study focused on the model construction of the dynamic spatial logical relationship of the TAL components, and revealed the landscape structure and process through analyzing the evolution of the model, so as to provide technical guidance and risk warning for the landscape conservation and sustainability improvement of AHS sites. After a series of fieldwork and analysis, the study found the problems and obstacles in the conservation and development of the TAL of XTCCS. On this basis, we conducted the source–sink landscape analysis of the TAL Core Zone, figured out the landscape process, and established source–sink landscape structure and process model. Then, we had a general understanding of the source–sink spatial relationship, process dynamics, and succession direction of the TAL. Based on these, a discussion was conducted as follows.



4.1. The TAL Changes Manifest the Human–Land Relationship Changes


Agriculture is a process of people’s cognition, development, utilization, and transformation of land productivity. It has been going on across the history of civilization and has caused a significant imposed change on the Earth’s ecosystem, so that Holocene environments are by no means in a state of equilibrium [1,70]. Early farmers paid attention to adapting and conforming to natural forces, and formed a wealth of eco-wisdom that can stand the test of time. In China, the autochthonous eco-wisdom makes people pay attention to the cultivation and practice of ecological morality, such as ecological conscience, ecological responsibility, and ecological consciousness [71], causing them to apply ecological technologies to make agriculture a sustainable, green, and circular regeneration system [41,72], and thus, promoting the realization of the equilibrium between ecological development and cultural development and benefiting social stability. Then, the ecological landscapes and cultural landscapes of the local agricultural system can be integrated and preserved to become a living, multi-functional AHS with marked local characteristics.



In history, traditional agriculture and TALs were always of great importance [72]. It has been proven that support for traditional farming, landscape diversification, and small-scale agricultural management is vital for enhancing the values of rural areas [73]. However, in XTCCS, modernity and tradition are in conflict. When the villages encountered modernization, externally driven biological and cultural diversity crises began to occur to the TAL, as has happened to the riverscapes [74]. The market-orientation Large Cherry industry continued to put pressure on the survival and development of the China-NIAHS and its landscapes, leading to problems such as ancient orchards shrinking and TAL structure changes. The occurrence and expansion of these crises might be mainly due to the loss or neglect of local traditional eco-wisdom. The comparative economic benefit of Large Cherry industry drove people to no longer highlight the internal regenerated circulation and integral equilibrium of local ecosystem. The overloaded input of agri-chemicals and output of local raw materials made the TAL lose local unique characteristics. Moreover, the new orchards and farmlands do not look much different from many others around the world, after the land leveling, ecological modification, and standardized planting commonly adopted by modern technology. Rapidly growing urbanization has also put constant pressure on TRL to become broken. Additionally, ancient forests were decreasing, century-old trees were threatened, and the long-standing TAL was changing. At the time, the human–land relationship was tense. Fortunately, in order to reverse the TAL change trends from heterogeneity and internal diversity to homogeneity and singleness, the Chinese government has issued corresponding AHS conservation decrees [75]. Nowadays, China places high hopes on returning to the harmony of human–land relations. The world also has such expectations, as pursued by the 2030 SDGs [22,28]. The vision is also expressed in the resolutions of the CBD COP15 (2021) advocating “to build a shared future for all life on earth” [76]. Therefore, experts increasingly agree that TALs and AHS should be fully conserved rather than abandoned. However, how do we conserve the TALs?




4.2. Source–Sink Structure and Process Reveals the TAL Change Mechanism


For a TAL, adaptive conservation is necessary, because each TAL often has a long history of evolution and a complex structure, is in a complicated geographical environment, and is rich in complex internal changes [56,58]. This also determines that it is necessary to figure out the historical changes of the TAL, which provides a background and base of the TAL and guides its adaptive conservation [58,59]. This study used source–sink landscape theory to reveal the centennial ecological process changes, which is a new exploration compared with existing studies of applying the ecological process for a short time. In this case study, the historical law of human activities disturbing the natural-economic-social composite ecosystem and ecosystem’s reactions and feedback among it can be detected. Therefore, we can positively optimize human intervention activities in sub-landscape types. Besides, compared to the source–sink analysis of TRL conducted by Xiong et al. (2019) [64], this study has a similar theoretical basis, but a different research and analysis framework. The uniqueness of this study is that in the analysis of the historical change process of TAL from 1920 to 2020, the integration of landscape structure evolution analysis and process dynamics analysis is realized, and the model expression is carried out. Meanwhile, compared to the published work on source–sink analysis of geographical landscapes [62,63], this study has revealed and simulated the source–sink interaction process dynamics of complex rural landscapes in much more detail, which is an improvement.



The establishment and analysis of the source–sink landscape structure and process model enables researchers to understand the internal and external environment of the AHS, as well as the specific structure and interaction process of the TAL components. Underlying the source landscapes and sink landscapes, there were driving factors such as market, policies, urbanization, depopulation, modernization, preservationism, nativism, ruralism, etc., and the factors’ dynamic combinations in different historical periods. The source–sink interaction mechanism caused by the games and/or complementarities among various driving factors helps to make the dynamic change process of the TAL clear. The specific processes of these games and/or complementarities are explored later.



These results of source–sink analysis of the TAL Core Zone are also applicable to the whole TAL, because the two are similar in structure and process to a certain extent. Around the core of ancient cherry forests distributed in strips in narrow and long Wutou valleys, AHS has some geographical distribution homogeneity within its scope. Then, the above findings have laid a foundation for exploring the dynamic, self-feedback, flexible, and adaptive conservation strategy of both the TAL Core Zone and the whole TAL.




4.3. TAL Conservation Needs to Conform to the Source–Sink Structure and Process


The TAL has been in danger. As a traditional advantageous and characteristic agro-system and biocultural system, the XTCCS has been scarce and adaptable. Its large-scale economic output was once the economic pillar of the local area, and its functions, such as germplasm conservation, technology demonstration, ecological conservation, and cultural inheritance, could not be replaced. These formed the basis for its sustainability across history. However, with the development of market economy, some farmers independently transformed the agricultural landscapes and village landscapes to meet the needs of external markets. Modern architectures, new-style production and living facilities, and commercial cultural elements rapidly increased. Moreover, TRL has been impacted by MVL. Since the implementation of China-NIAHS conservation, the high-quality organic agri-products, unique TALs, and ancient trees have attracted attention and favor at home and abroad. Nevertheless, the brand benefit of the AHS has not been strong enough. Additionally, the protection and management effort has not been satisfying. When the market demand weakened due to the traffic restricted during the SARS epidemic (2002–2003), COVID-19 epidemic, and so forth, the economic benefits greatly reduced. For livelihood reasons, some people destroyed ancient trees or traditional landscapes, and cleared the land for short-term profitable production projects, such as planting corn or herbs (Figure 8c,d). Over time, these have led to the structural degradation and traditional feature fading of the TAL, and the cultural severance within the biocultural system has been aggravated, causing serious problems which need to be addressed.



On the whole, in the centennial change process of the TAL, the source and sink landscapes have undergone continuous changes in strength. The TRL has been weakening, the ANEL has been weakening since 1985, and the MVL have been rapidly strengthening since 1950. Therefore, in TAL conservation practice, it is necessary to curb the strong and strengthen the weak accordingly. Meanwhile, it is important to retain the local traditional production and life as much as possible [41,45,54]. The traditional farmers, farming system, and farming culture are the core, essence, and soul of both the AHS and the TAL [43,45,47,51,54,73]. Keeping all of the three well and connecting modernity with tradition is essential to the conservation work of TAL and AHS. In addition, it is found that traditional agricultural production systems and relevant culture are the foundation of rural society and civilization [41,77]. The AHS not only play the production function, but also bear the cultural, ecological, and social functions [67,78]. Hence, TAL conservation should be able to conserve the multi-functions of the AHS and serve the comprehensively balanced rural development.



In combination, the derived conservation strategy and measures should highlight and reflect the sustainable purpose and adaptive principle of promoting the harmonious relationship between the internal elements of the system (TAL integrated with AHS) and the overall balance and stability of the system. In practice, these key adaptive conservation measures may be concluded from reviewing the above source–sink landscape analysis and referring to the AHS conservation experience overseas [52,54,79,80,81]: (i) To expand the scope of the TRL. Presently, the delineation of the ancient forests is not clear, and some key biological communities, cultural landscapes, and production scenes are not included in the core protection space, resulting in a large number of ancient trees not being listed for protection, as damaged, or as habitat damaged. The delimitation of the scope should be as large as possible, so that more things can be protected. Meanwhile, it is necessary to formulate strict conservation and management planning and regulations, and prescribe implementation details with clear and thoughtful considerations for various stakeholders, management levels and time periods. In the zone, it is urgent to establish the AHS Inheritor System, the Incentive and Reward Mechanism for AHS Conservation and Inheritance, and the TAL Conservation System. It is necessary to comprehensively protect the economic interests of local residents, consolidate cultural confidence, and stimulate conscious inheritance. (ii) To activate the energies of the TRL. The TRL has good potential and resources for the development of cultural tourism, nature education, e-commerce, agricultural products processing, sports and leisure industries. and so on. It is urgent to innovate the means to realize impressive advertising, marketing, and publicity, and gain full support of local people, so as to create high-reputation brands of agricultural heritage products, and to launch product series with tasteful appearances, original ecological origin, pure green production process, authentic local flavor, and rich local aesthetic and cultural taste. All these are helpful to promote cultural psychological protection for conserving and inheriting the traditional agrarian culture, preserve the rurality, naturalness, wilds, and local flavor, so as to achieve a harmonious win-win situation between cultural self-confidence and economic self-improvement. (iii) To promote the localization of the artificial landscapes. In the planning and development of the artificial landscapes, it is better to use as many local cultural elements as possible to highlight, brighten, and show off the local cultural characteristics. It is advisable to build a China-NIAHS eco-museum, submit GIAHS applications, and endeavor to become an important regional tourism destination and even cultural landmark. (iv) To guide and encourage social forces to participate in the conservation through nature education. China’s practice over the past decade or so has shown that localized nature education helps to pass on traditional eco-wisdom and promotes urban and rural people to build a close connection with local nature and ecology [82,83]. On this basis, people are happy to increase their local knowledge, strengthening their sense of local pride and local self-confidence. Therefore, in conservation efforts, nature education can be used to promote people’s spontaneous appreciation of local ecosystems, natural resources, and TALs, so that people can plan the conservation and utilization of various landscapes and heritages with a more long-term, scientific, and sustainable perspective, and thus, proactively promote the sustainable development of the rural areas. The measures are shown here for verification and reference; at the same time, we hope these measures will trigger extensive criticism and discussion on the adaptive conservation of TALs.



Factually, all over the world, traditional orchard landscapes in hilly areas are often typical representatives of TALs with a long history (because fruit trees can usually span history and exist for a long time) [84,85]. Some of these orchards have been designated as AHSs, because they integrate the local, surviving, and self-reliant rural economies with the local biocultural systems and preserve these integrities. However, due to impacts of globalization and modernization in the past century, most TALs, including these orchard landscapes, have been increasingly influenced by irregular, mercenary, and powerful external economic forces. Over time, with the passive adaptation of traditional production relations to new productive force factors, cultural severance gradually occurred in these biocultural systems. Once the support from local traditional culture was lost, these TALs soon lost their stability and started to shrink or be abandoned, and unsustainability appeared. The research cases on these aspects [16,56,57,58] can provide evidence for the practicality of the conclusions of this study. The studies on AHS landscapes [13,45,46,47,51,52] are also basically consistent with this study in the laws found. Therefore, the theory and method of this study can be used as a reference for other studies on TAL and AHS, and the adaptive conservation strategy of TAL proposed in this study can also be applied to other TAL conservation practices to a large extent.





5. Conclusions and Recommendations


5.1. Conclusions


Globally, it is urgent to seek the path of sustainable agricultural development. Modern agriculture has caused the decrease of agricultural landscape diversity and cultural diversity, and resulted in tensions between human and land. It is known that some long-standing TALs help to maintain a harmonious human–land relationship, so as to obtain the local spontaneous conservation and sustainable utilization. The Xin’an Traditional Cherry Cultivation System, a China-NIAHS in the birthplace of Chinese civilization, is an ancient orchard cultivation system with a unique TAL. Historically, the source landscapes and the sink landscapes in the TAL were relatively balanced because the ANEL and the TRL were both a source and a resistance sink to each other. The TAL changed less and the ancient forests were well preserved. With the development of globalization, modernization and urbanization, especially from 1985 onwards, the source expansion ability and sink resistance of both TRL and ANEL have been greatly hindered by the sink growth of MVL. Thus, the TRL gradually shrank, a cultural severance gradually occurred in the biocultural system, and the TAL increasingly experienced structural degradation and traditional feature losses. The structural change process of the TAL could be revealed in the interaction and game between the source landscapes and the sink landscapes. The derived source–sink landscape structure and process model helps to understand the historical changes, process dynamics, and internal structure of the TAL from an innovative dynamic analysis perspective. All of these lay the foundation for adaptive conservation of both the TAL and the whole AHS, and are of reference value for other research, conservation, and utilization practices of TAL.




5.2. Recommendations


AHS conservation can be started from adaptively conserving the TAL and its components: (i) To recognize the core position of TRL in TAL. It is vital to enlarge the protection scope of TRL as much as possible, establish the conservation, compensation, and reward systems, strengthen research and rigorous protection to avoid the landscape from shrinking, so as to prevent the regional agrarian culture from losing its foundation and carrier of inheritance, and avoid the local rurality, naturalness, and agricultural characteristics from disappearing. (ii) To activate the energies of the TRL. It is urgent to foster high-profile AHS product brands, develop brand products with impressing appearances, authentic local flavor, native eco-cultural connotations, and other attractions, fully improve the economic benefits of local residents, consolidate cultural confidence, and stimulate conscious conservation and responsible utilization. (iii) To cure the cultural severance of the artificial landscapes. People should use as many local cultural elements as possible to highlight the local characteristics and uniqueness, as well as construct an AHS eco-museum, strengthen tourist attractions, and apply for GIAHS enrollment, so as to build a well-known cultural landmark. (iv) To introduce, encourage, popularize, and deeply develop localized natural education activities. This measure can facilitate urban and rural people promoting their awareness, appreciation, mastery, and love of local biocultural resources and traditional eco-wisdom, which is conducive to the benign and large-scale development of eco-industrial clusters, thus promoting the ecological civilization construction and rural vitalization.
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Figure 1. Positions of XTCCS and study area. 
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Figure 2. Xin’an Cherry Economy and Culture Festival (2020). 
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Figure 3. The schematic diagram of the source–sink landscape theory. 
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Figure 4. Zoning map of the TAL Core Zone of XTCCS in 2020. 
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Figure 5. Representative landscape of each subzone of the TAL Core Zone: (a1) TRL (ancient cherry orchards); (a2) TRL (traditional settlement); (b) ANEL; (c) MVL. 
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Figure 6. Methodological framework. The dotted line boxes represent the parts of the framework; the red, gray and black arrows indicate the direction of advancement of each part, each subpart and each specific operation step, respectively. 
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Figure 7. Historical proportions of each subzone area in the total area of the TAL Core Zone. 
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Figure 8. Example of TAL change in a corner of Matou Village. The change processes: (a) Inadequate management led to overgrowth of weeds; (b) Some ancient trees were replaced by seedlings of foreign varieties; (c) Some ancient trees and big trees were cut down or destroyed; (d) Some woodlands were converted to farmlands; (e) The ancient forest was relatively well preserved; (f) Key ancient trees were selected for salvage protection. 
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Figure 9. Source–sink structure and interaction process of the TAL Core Zone. The displayed photographs are the cherry landscapes of Matou Village for auxiliary confirmation. 
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Table 1. Number of stakeholders involved in the focus group.
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	Stakeholder Category
	Number of Participants

(Number Invited)





	Local traditional cultivation farmer
	6 (6)



	Village head
	5 (6)



	Town government department representative
	2 (2)



	County government department representative
	2 (2)



	Academic researcher
	2 (2)



	Major marketers of AHS product
	2 (3)



	AHS product industrial producer
	2 (2)



	Native expert
	2 (2)



	Total
	23 (25)
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Table 2. Historical area of each subzone of the TAL Core Zone.
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Key Historical Time Node

	
Area of the Subzone/km2




	
TRL

	
ANEL

	
MVL






	
1920

	
5.36

	
2.53

	
0




	
1950

	
5.23

	
2.55

	
0.11




	
1985

	
4.92

	
2.17

	
0.8




	
2005

	
4.58

	
1.95

	
1.36




	
2020

	
3.92

	
2.32

	
1.65
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