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Abstract: Achieving food security and improving nutrition is one of the United Nations Sustainable
Development Goals. With rapid socioeconomic development, the dietary structure of the Chinese
population has changed significantly, leading to increased demand for cultivated land. At the same
time, rapid urbanization has continuously reduced the amount of cultivated land in China, and
there is an urgent necessity for the nation to alleviate the shortage of cultivated land to meet the
population’s evolving dietary consumption needs. A review of the literature indicates that the use
of mountainous areas to produce agricultural products for the population can effectively reduce
the use of cultivated land on the plains and mitigate the shortage of cultivated land to meet dietary
consumption needs. According to the different natural and socioeconomic conditions of mountain-
ous areas, this study concludes that the adoption of mountain hillside, mountain understory, and
mountainous limited cultivated land use patterns to develop agricultural production in mountainous
areas is an effective approach to address the shortage of cultivated land caused by changes in the
Chinese dietary structure.
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1. Introduction

The rapid growth of the world’s population has led to the occurrence of a shortage
of food supply and a shortage of cultivated land resources. Global food demand has
increased approximately twofold in the past 50 years [1], and the demand for cultivated
land has increased accordingly. However, due to the rapid process of urbanization and
industrialization, illegal land use, and over-exploitation of cultivated land [2–5], the world’s
cultivated land is gradually decreasing [6]. By 2030, 3.7% of the world’s farmland will
disappear, especially in developing countries. Cultivated land shortages and food crises
continue to worsen in many parts of the world, and global food insecurity is becoming
increasingly evident. China has a population of more than 1.4 billion. According to the
FAO, the per capita cultivated land in China is about 0.08 ha [7], and the average cultivated
land per household in China is only 0.38 ha [8], which is much lower than the global
average. The shortage of cultivable land in China is very serious due to the huge demand
for food from the huge population and the very tight cultivable land resources.

On top of the increasing demand for food, the changing structure of China’s national
food consumption has placed new demands on cultivated land. In recent years, China’s
food consumption patterns have rapidly shifted from the predominant use of grains and
vegetables to a greater variety and diversity of animal products [9,10]. According to
Figure 1, the per capita consumption of staple foods in rural areas of China showed a
significant decrease and a small increase in the per capita consumption of vegetables
and edible mushrooms, while a significant increase in animal products (meat, aquatic
products, eggs, and milk) was observed. However, existing studies have shown that more
land resources are required to provide animal-based food than plant-based food [11,12].
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The production of animal food requires land for feed production in addition to land for
feeding. Shepon’s study showed that per unit of cultivated land produced, plant-based
nutritious food can reach 2–20 times more in volume than animal-based nutritious food [13].
Smil’s research shows that the land needed to produce meat protein is three to ten times
greater than vegetable protein [14]. The increased demand for animal food will inevitably
require more cultivated land [15]. Some studies have predicted that if China relies solely
on domestic cultivated land resources, by 2035, it will be difficult to feed its population
under seven dietary consumption structures, even with the strictest farmland protection
regime maintaining cultivated land at around 124.3 Mha [16]. The increase in demand for
animal-based food has exacerbated the strain on China’s cultivated land, posing a greater
challenge to the country’s food production land and food security.
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Figure 1. Rural residents’ per capita consumption of major foodstuffs. Between 2005 and 2021, per 
capita consumption of staple food grain in rural areas decreased from 208.85 kg to 170.8 kg; per 
capita consumption of vegetables and edible mushrooms increased slightly from 102.28 kg to 107 
kg; per capita consumption of meat increased from 22.42 kg to 30.9 kg; per capita consumption of 
aquatic products and total consumption of eggs and milk increased from 12.15 kg to 33.2 kg (data 
from the China Statistical Yearbook 2005–2021). The dashed line in the figure shows the trend in per 
capita consumption of each of the major foodstuffs. 

In the face of tightly cultivated land resources, some scholars advocate the reduction 
in food loss and food waste (FLW) to alleviate the shortage of cultivated land. Approxi-
mately one-third of global food production is lost or wasted in the food supply chain [17]. 
The unsustainable and wasteful use of resources throughout the supply chain is detri-
mental to society: FLW leads to reduced food access and availability [18] and undermines 
food security [19,20]. The loss and waste of food reused for animal feed or other non-food 
purposes may reduce the uptake of cultivated land resources. However, we found that 
there are very fewer studies advocating the use of mountains to satisfy dietary structure 
needs. Research on issues related to land for food production in mountainous areas has 
focused on the quantity and quality of cultivated land. Although some researchers have 
noted that there is a large amount of wasteland in mountainous areas that has been left 
unused for a long time [21,22], there is no clear answer on how to use these mountainous 
land resources to support the development and optimization of agriculture. 

China is a mountainous country, with mountainous areas covering 2/3 of the coun-
try’s area [23]. These mountainous areas are dotted with extensive land resources such as 
cultivated and forested land [24]. However, there is obvious room for improving the uti-
lization of these lands. The results of a survey conducted in a sample of mountain counties 
across the country show that abandonment is widespread in China’s mountainous re-
gions, with a rate of 14.32% as of 2014 [25]. There is a large amount of unused land in the 

Figure 1. Rural residents’ per capita consumption of major foodstuffs. Between 2005 and 2021, per
capita consumption of staple food grain in rural areas decreased from 208.85 kg to 170.8 kg; per capita
consumption of vegetables and edible mushrooms increased slightly from 102.28 kg to 107 kg; per
capita consumption of meat increased from 22.42 kg to 30.9 kg; per capita consumption of aquatic
products and total consumption of eggs and milk increased from 12.15 kg to 33.2 kg (data from the
China Statistical Yearbook 2005–2021). The dashed line in the figure shows the trend in per capita
consumption of each of the major foodstuffs.

In the face of tightly cultivated land resources, some scholars advocate the reduction in
food loss and food waste (FLW) to alleviate the shortage of cultivated land. Approximately
one-third of global food production is lost or wasted in the food supply chain [17]. The
unsustainable and wasteful use of resources throughout the supply chain is detrimental
to society: FLW leads to reduced food access and availability [18] and undermines food
security [19,20]. The loss and waste of food reused for animal feed or other non-food
purposes may reduce the uptake of cultivated land resources. However, we found that
there are very fewer studies advocating the use of mountains to satisfy dietary structure
needs. Research on issues related to land for food production in mountainous areas has
focused on the quantity and quality of cultivated land. Although some researchers have
noted that there is a large amount of wasteland in mountainous areas that has been left
unused for a long time [21,22], there is no clear answer on how to use these mountainous
land resources to support the development and optimization of agriculture.

China is a mountainous country, with mountainous areas covering 2/3 of the country’s
area [23]. These mountainous areas are dotted with extensive land resources such as
cultivated and forested land [24]. However, there is obvious room for improving the
utilization of these lands. The results of a survey conducted in a sample of mountain
counties across the country show that abandonment is widespread in China’s mountainous
regions, with a rate of 14.32% as of 2014 [25]. There is a large amount of unused land in the
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mountains. The full exploitation of this land can contribute to the effective alleviation of
China’s cultivated land shortage.

This study explores possible approaches to alleviating the land resources shortage
arising from the changing dietary structure of the Chinese population and the feasibility of
using mountain land as a crucial resource for addressing China’s food security problem.
We contend that the use of mountain land in rational models, such as hillside, understory,
and limited cultivated land in mountain areas, can improve agricultural development and
convert mountain land into land for food production, which could be an effective way to
alleviate the shortage of land due to evolving national dietary structure.

2. Background and Methods of Analysis

With the rapid socioeconomic development and the continuous growth of the popu-
lation’s consumption power, China’s demand for food is growing and diversifying. The
evolution of the per capita diet is characterized by two notable features. (1) A gradual
decrease in the proportion of plant-based food and a significant increase in the proportion
of animal-based food [26]. (2) Differences between urban and rural residents’ diet structures
are narrowing [27]. Overall, dietary choices are shifting from a predominantly grain-based
diet to a nutritionally diverse mix of meat, fruit, and vegetables [10], with urgent consumer
demand [28].

According to some previous studies, more forage and livestock pasture land resources
are required to provide animal-based food than plant-based food intake [29]. The expected
increase in animal products will further intensify global land pressure [30,31]. The per
capita demand for land for food production in capital cities and small cities will increase to
15.33 million m2 and 12.55 million m2 under the livestock-based food model of urbaniza-
tion in China, far exceeding the land demand for vegetable-based diets (8.5 million m2),
respectively, by 2030 [32]. Changing dietary patterns have put unprecedented pressure
on the sustainable use of cultivated land resources. Limited cultivated land resources are
unable to meet the demand of the agricultural market. Cultivated land faces encroachment
by urban development and is reaching peak productivity in addition to the need to ensure
basic regional food security, which poses a huge challenge to already insufficient cultivated
land resources [33]. In addition, changes in the farming structure caused by changes in
dietary structure require long lead times and considerable expenditure, while it is difficult
to foster a farming structure that meets market demand in a short period of time due to the
farmers’ production habits.

The shortage of agricultural land due to changes in dietary structure has become a
matter of widespread concern. Increasing the area of cultivated land and productivity
to boost food supply are among the most frequently cited approaches, and research has
demonstrated that this could be effective for achieving the sustainable use of arable re-
sources. However, these two options have almost reached maximum utility, particularly
in China. Meeting the needs of the population’s changed dietary structure requires that
China maintain approximately 135.5 million hectares of land for food production in peak
population years [34,35], but there are currently challenges to China’s adherence to the
120 million hectares red line of cultivated land [36]. Notably, increased levels of mecha-
nization, pesticides, fertilizers, and agricultural labor are all seen as influential factors in
improving productivity [37]. As production rises, intensification becomes increasingly
difficult, the overuse of cultivated land reduces its productive capacity, and production will
eventually approach its maximum potential [38]. Our research does not focus on options
with low marginal benefits; instead, we examine the increased use of all land for food
production, including cultivated land, through better use of potential natural resources,
focusing on mountainous areas.

Mountainous areas refer to mountain-based regions where people and nature interact,
which are potential areas for modernization [39]. China is a mountainous country with a
mountainous area of about 622.39 × 104 km2, accounting for about 64.89% of the nation’s
land space. China’s mountains can be generally divided into five different mountain types
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(the five different types of mountains in China are very high mountains, high mountains,
middle mountains, low mountains, and hills). Of these, low hilly areas account for approxi-
mately 25.90% of the total land area, concentrated in the large mountainous regions of the
northeast, southeast, and southwest. Zhongshan accounts for about 11.23% of the area,
primarily in the northern and southwestern mountainous regions, and the area of middle
and high mountains comprises about 8.48%, primarily in the eastern and northern edges
of the mountainous region of the Tibetan Plateau and in the Tian Shan mountain system
of the northwestern mountainous region. The high mountain area reaches about 15.09%,
and that of very high mountains makes up about 4.19%, both of which are predominantly
distributed in the mountainous region of the Tibetan Plateau. These mountain systems
can be significantly leveraged as areas of natural resource storage and containment and
biodiversity aggregation through the rational use of mountain space for cultivation to
meet the diversified demand for agricultural products resulting from changes in dietary
structure. Therefore, our investigation is expected to provide practical insights for China’s
policymakers and agricultural stakeholders as well as inspiration for land managers and
food production sectors in other parts of the world.

The main objective of this study is to explore the use of mountain areas for alleviating
the shortage of cultivated land due to societal changes in dietary structure. We take an
overall research approach and analyze three typical cases in China. This method allows for
a detailed presentation of the various steps we use in the study to draw common patterns,
increasing the rigor of the research. The method also allows for the selection of cases from
different regions. The cases in this study are selected from three typical mountainous
regions in northern, central, and southern China to examine the applicability of the cases in
China more comprehensively and offer more realistic conclusions, improving the accuracy
of the study. Our research steps are fourfold:

Step 1: Identify the problem. This study endeavors to answer the following two
questions by exploring the three adopted approaches to mountain use and analyzing the
data collected. (1) How has the dietary structure of the Chinese population changed?
(2) What mountain land use practices have been adopted in China to produce agricultural
products in response to changes in the land use structure for food production based on the
demand for dietary structure changes? (3) How do these approaches alleviate cultivated
land constraints?

Step 2: Case selection. The case study method was chosen to answer the research
questions because it allows for an in-depth examination of social phenomena through
a limited number of observations. Natural conditions vary greatly across China, and
agricultural practices vary somewhat from region to region. The selected cases should be
representative of the types of agricultural production in China and, at the same time, be
geographically representative of the natural conditions and vegetation types in different
regions of China, in addition to using different kinds of utilization patterns as much as
possible to improve the efficiency of land use in mountainous areas. Based on the above
conditions, we investigate three representative cases, including (1) mountain hillside land
use patterns using a stereoscopic cultivation model in the mountainous areas of Zigui
County, (2) understory land use patterns in the mountains of Yichun City, and (3) a limited
cultivated land using the “rice-fish-duck” integrated farming model in the Hani terraces.

Step 3: Data collection. The data for this study were obtained from government
reports, statistical yearbooks, literature reviews, official government websites, and research
conducted by the author in related fields. Research data on the stereoscopic cultivation
model in the mountainous areas of Zigui County were primarily obtained from available
literature, statistical yearbooks, government websites, and government reports [10,40–53].
Data on understory farming models in the mountains of Yichun City were obtained from of-
ficial government websites, government reports, and available literature [54–65]. Research
data on the rice-fish-duck integrated farming model in the Hani terraces were based on
existing literature [42,66–75].
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Step 4: Case studies. We first provide an analysis of the notable elements of the three
mountain use models based on research data and context, including mountain conditions,
use patterns, food production effects, and mitigation effects on the shortage of cultivated
land resources. Second, the conclusions of the study are summarized, and the effects of
the cases are evaluated based on the available research data, analyzing the effects of each
model on mitigating the shortage of cultivated land, the ecological and economic benefits
of each model, and the objective basis for replication. In addition, similar case studies from
other parts of the world, including both developed and developing countries, are selected
to show that mountain agricultural development can alleviate the shortage of cultivated
land caused by dietary changes, demonstrating the feasibility and development potential
of the models examined through a comparison of similar cases in other parts of the world.

3. Case Analyses
3.1. Using Elevation Difference in Hillside Land: Stereoscopic Cultivation in the Hills of Zigui
County, Hubei Province

Increased demand for fruit, vegetables, and nuts is a distinctive feature of the changing
dietary structure of the Chinese population [10]. From 1980 to 2021, the annual per capita
consumption of fruit in China increased from 5.9 kg to 180 kg, the annual per capita
consumption of vegetables increased from 48.7 kg to 463.5 kg, and the annual per capita
consumption of nuts increased from 1.3 kg to 7.1 kg [40]. Per capita consumption of
vegetables, fruits, and nuts has all significantly increased [41], and the area of agricultural
land required for the rising consumption of these foods shows a clear upward trend [42].

Zigui County is located in Yichang City, Hubei Province [43], in the Three Gorges
reservoir area. As shown in Figure 2, the county covers an area of 2274 km2, and the
mountainous area above 500 m is 1930.6 km2, accounting for 84.9% of the total area. The
total land area of Zigui County is 227,400 hectares, including 28,300 hectares of cultivated
land, accounting for 12.4% of the total land area, and 151,600 hectares of forest land,
accounting for 66.67% of the total land area. The county has less land per capita and even
less cultivated land, and agricultural land is tight [44]. To meet the market demand for
richer food, expand agricultural land, and alleviate the problem of insufficient land for
expanding agricultural production [45], Zigui County adopted the development method of
building a “mountainous area ‘three layered’ green industry” to address the combination
of more people, less land [46], high mountains, steep slopes, and considerable differences
in vertical altitude.
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The three-layered green industry in the mountainous area refers to the economic struc-
ture of forests according to altitude gradient, forming a low mountain navel orange belt,
medium mountain tea and chestnut belt, and high mountain walnut and Chinese herbal
medicine belt (Figure 3a). The model returns farmland to the forest while planting cash
crops, expands forest coverage, rationalizes the use of land resources, promotes industrial
development, taps deeply into the potential of existing land, and generates comprehensive
benefits from limited land resources. Zigui County takes advantage of the geographical
conditions of large vertical altitude differences to plant traditional advantageous crops,
including citrus and navel oranges in the low mountain belt with high temperature and
good heat conditions below 500 m above sea level (Figure 3b); tea, chestnuts, walnuts, and
other woody grain and cash crops with low temperature requirements in the middle moun-
tain area between 500 and 800 m (Figure 3c); and vegetables, walnut and Chinese herbs
medicine in the high mountain area above 800 m (Figure 3d). Through the stereoscopic use
of natural conditions in different areas of the mountain, the ecological economic forestry
development model of multi-productivity and rational use of one mountain is achieved. By
2021, the county developed an ecological economic forest area of 66,666.7 hectares, and full
coverage of forest fruit and leaves has been reached below 700 m above sea level, and the
forest coverage rate has reached 77.56% [47], realizing the organic combination of ecological
management and development of special industries. In 2021, Zigui County citrus output
was 757,720 t, an increase of 210% over 2011; edible nuts (walnuts, chestnuts) output was
7100 t, up 71% from 2011; and tea output was 7982 t, up 240% from 2011 [48].
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County mountainous area’s three layers of green industry, according to the altitude economic gradient
layout of forests, forming a low mountain navel orange belt; a medium mountain tea, walnut, chestnut
belt; and a high mountain vegetable, walnut, and Chinese herbal medicine belt. (b) In the low-altitude
zone, Zigui County planted oranges and navel oranges in the low mountain belt below 500 m above
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sea level, where the temperature and heat are amenable to cultivation (http://www.yichang.gov.
cn/content-62936-1038659-1.html (accessed on 13 March 2023)). (c) The medium-altitude zone
shows walnuts grown on sloping land (http://zigui.cjyun.org/p/29685.html (accessed on 13
March 2023)). (d) The high-altitude zone shows alpine vegetables grown in the mountains above
800 m (http://www.yichang.gov.cn/html/zhengwuyizhantong/zhengwuzixun/tupianxinwen/20
17/0731/984741.html (accessed on 13 March 2023)). These photographs are from the author’s draw-
ings and the Yichang Municipal Government website.

This study asserts that the integrated vertical use of mountainous areas is crucial
for alleviating cultivated land tension, enriching crop species, protecting the ecological
environment, and improving incomes. Without competing for existing cultivated land
resources, the vertically integrated use model for mountainous areas produces a wider
variety of crops from limited land and meets the population’s growing demand for a wider
variety of food. In addition, compared with the previous excessive logging mountain forest
development mode in Zigui County, the construction of an ecological economic forest
effectively cuts about 87% of the phosphorus pollution load and about 50% of the nitrogen
pollution load [49], reduces soil erosion by about 30% [50], and provides a protective role
for local areas. In 2022, Zigui County built a 55,333-hectare multi-forestry base, including
26,666.7 hectares of navel oranges, 14,666.7 hectares of walnuts, 10,000 hectares of tea,
2000 hectares of chestnuts, 2000 hectares of small fruits, and 0.15 hectares of full-caliber
per capita economic forest, resulting in a per capita income of more than 13,000 CNY [51].
Extensive hills and mountains in south-central China and the three-layered green industry
in the mountainous areas of Zigui County provide a reasonable and effective solution for
adapting to the Chinese population’s changing dietary structure and alleviating the tension
of cultivated land resource limitation.

Despite the enormous ecological and economic benefits of the transformation of moun-
tain agriculture in Zigui County, it still faces a problem: the reclamation and preparation of
hillside land require huge construction costs. The three-dimensional cultivation in Zigui
County relies on the support of the national policy of returning farmland to forest and
the financial support given by the local government to realize the industrial plan, with
the government sharing the costs for the mountain development [52]. In other areas is the
practice process, huge construction and maintenance costs are difficult to avoid. However,
the policy of returning farmland to forest is nationwide, and the Chinese government
encourages and continues to pay financial subsidies. According to the Regulations on the
Return of Cropland to Forests [53], the corresponding subsidy standards are set in different
regions according to the actual economic development. The amount of subsidies may vary
from place to place depending on the economic development status, but all of them can
reduce the cost of barren mountain development to a certain extent.

3.2. Using Mountainous Forest Understory Land: Raising Pigs in Forests in Xiaoxinganling
Mountains, Yichun City, Heilongjiang Province

In recent years, the Chinese population’s demand for meat has continuously in-
creased [54]. Pork, in particular, accounts for 60% of meat consumption in China [55].
In 2022, China’s per capita meat consumption reached 34.6 kg, representing a 5.0% rise
from the previous year; 699.95 million pigs were slaughtered throughout the year, up
4.3%, pork production was 55.41 million t, up 4.6%, and Chinese residents’ per capita pork
consumption reached 26.9 kg, up 6.7% [56]. Growing demand for meat means that farming
must be expanded [57], and limited cultivated land resources are driving the search for
new solutions to alleviate the shortage of land for pig farming.

As shown in Figure 4, the Yichun state-owned forest area, located in the Xiaoxinganling
Mountains in the northeastern part of Heilongjiang Province, is the largest state-owned for-
est area in China, with an administrative area of 32,800.29 km2, including 2.88 million hm2

of woodland, and an 87.2% forest coverage rate. In 2014, the natural forest area of Yichun
ceased commercial logging completely, facing industrial turnover and an urgent need for
economic transformation [58]. Relying on the rich mountain forests of the Xiaoxinganling,

http://www.yichang.gov.cn/content-62936-1038659-1.html
http://www.yichang.gov.cn/content-62936-1038659-1.html
http://zigui.cjyun.org/p/29685.html
http://www.yichang.gov.cn/html/zhengwuyizhantong/zhengwuzixun/tupianxinwen/2017/0731/984741.html
http://www.yichang.gov.cn/html/zhengwuyizhantong/zhengwuzixun/tupianxinwen/2017/0731/984741.html
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Yichun City actively developed the under-forest pig industry, adopted a reasonable breed-
ing model, formed a scientific breeding management system, and created a green ecological
brand, providing high-quality pork products for the Chinese population.
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Using a differentiated breeding model of in-house breeding, rearing in the forest, and
rotational grazing production, Yichun forest pigs are produced and nursed in pens, and
weaned piglets are released into the forest for free feeding, using the forest understory
land as the feeding ground (Figure 5a). Forest pigs drink mineral-rich spring water in
the mountains (Figure 5b) and consume the abundant wild fruit, grasses, vegetables, and
herbs (Figure 5c,d), ensuring sufficient nutrition, and farmers do not need to use hormones
to stimulate pigs’ weight gain. The healthy environment, wide space for activity, and
sufficient activity make the physical quality of forest pigs far better than that of captive pigs,
the survival rate is as high as 99%, and the flavor and taste of forest pork are significantly
better than captive pigs. About 250,000 forest pigs were raised in 2016 [59], and in 2020, the
forest pig breeding base in Yichun reached an area of more than 70,000 square meters, with
100,000 pigs slaughtered, more than 79,000 forest pigs in stock, and sales reaching 30 million
CNY. The Yichun Forest Pig industry has passed many certifications, such as the ISO 9001
quality system [60], green food grade A product designation, and food safety management
system certification and has become a geographical landmark brand in Yichun.

This study concludes that the forest pig farming model in Yichun City fully leverages
the natural conditions of the mountainous area, takes advantage of unused forest under-
story land space, and provides the Chinese population with green and healthy pork without
occupying cultivated land resources, which meets the demand for sustainable agriculture
and pork amid the changing dietary structure of China. In terms of policy support, the
central government has introduced the “The 14th Five-Year Plan of Action for Ecological
Protection and Economic Transformation of Daxiaoxinganling Forest Area” [61] to promote
the rapid development of the forest economy. Heilongjiang Province issued the “2023
implementation plan for the development of the province’s forest economy”, with forest
farming as a prominent development industry [62], through agricultural cooperatives,
from financial services, farming technology, sales channels, and other aspects of forest pig
farming to provide various support. From a cost–benefit perspective, forest pig farming
remains economically viable. The rearing period of each forest pig in the Daxinganling
area is about 12 months, the rearing cost is about 2500 CNY, the sales price is more than
4000 CNY, and the profit per pig is about 1500 CNY [63]. The mountainous areas of the
three northeastern provinces of China cover an area of 423,800 square kilometers, with
forest land accounting for 45.34% of the total area of the region [64]. Making full use of
forest space for forest farming can help meet the food-consumption needs of the population
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while taking into account animal welfare and protecting cultivated land. In addition, the
model has also driven employment opportunities for local residents who were laid off from
previous means of income due to the ban on commercial logging. According to incomplete
statistics, in the past 10 years, a total of more than 2000 laid-off workers and 1980 migrant
workers have been placed, driving more than 1200 farmers [65]. Understory pig farming
has supported the positive development of the economy and employment.
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longjiang Province, China. (a) In Yichun, pigs are free-ranging in the forest with plenty of space to 
move around (https://yichun.dbw.cn/system/2009/12/21/052273439.shtml (accessed on 13 March 

Figure 5. Example of raising pigs under forests in Xiaoxinganling Mountains, Yichun City, Hei-
longjiang Province, China. (a) In Yichun, pigs are free-ranging in the forest with plenty of space to
move around (https://yichun.dbw.cn/system/2009/12/21/052273439.shtml (accessed on 13 March
2023)). (b–d) Pigs free-ranging in the forest (https://heilongjiang.dbw.cn/system/2017/08/31/05776
5807.shtml (accessed on 13 March 2023); https://www.yc.gov.cn/xwzx/ycyw/2018/12/105940.html
(accessed on 13 March 2023); http://nynct.gxzf.gov.cn/xxgk/ztjj/lsxztgd/gxhy/yqygypp/qzs/t2
053503.shtml (accessed on 13 March 2023)). Figure 5a,b are from official government news sites;
Figure 5c,d are from government websites.

However, the process of implementing the forest farming program needs to consider
the ecological carrying capacity, and the number of animals stocked per unit area needs to
be determined by scientific research and study based on local conditions. If overstocking is
performed for economic purposes, it will be against the concept of sustainable development.

3.3. Using Limited Cultivated Land in Mountainous Areas: The Rice–Fish–Duck Integrated
Farming Model in Hani Terraces

China’s dietary structure is diversified, and animal consumption (meat, eggs, milk,
and aquatic products) is rapidly increasing [66]. The proportion of cultivated land required
for animal food production rose from 27% in 1986 to 40% in 2006 and 46% in 2016 [42].
Per capita animal consumption in China was 63.1 kg in 2013, increasing to 87 kg in 2021,
representing a 37% growth rate. The rapid increase in meat-based consumption demand

https://yichun.dbw.cn/system/2009/12/21/052273439.shtml
https://heilongjiang.dbw.cn/system/2017/08/31/057765807.shtml
https://heilongjiang.dbw.cn/system/2017/08/31/057765807.shtml
https://www.yc.gov.cn/xwzx/ycyw/2018/12/105940.html
http://nynct.gxzf.gov.cn/xxgk/ztjj/lsxztgd/gxhy/yqygypp/qzs/t2053503.shtml
http://nynct.gxzf.gov.cn/xxgk/ztjj/lsxztgd/gxhy/yqygypp/qzs/t2053503.shtml
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means the expanded occupation of cultivated land, and cultivated land resources are
narrowing [67].

As shown in Figure 6, the Hani Terraces are located in the southern part of the Ailao
Mountains in Yuanyang County, Honghe Prefecture, Yunnan Province, with a minimum
elevation of 144 m and a maximum elevation of 2939.6 m [68], with dramatic undulations
that include a low-latitude, high-altitude area.
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Figure 6. Study area: Hani Terraces, Yuanyang County, Honghe Autonomous Prefecture,
Yunnan Province.

Local flat cultivated land is extremely limited, so terraces are being reclaimed to
expand the cultivated area (Figure 7a). Historically, the Hani terraces have employed an
integrated, rice–fish–duck farming model [69] to meet the demand for food as the local
population expanded. Among the terraces, rice is the most dominant crop, while fish,
ducks, loaches, snails, and other aquatic products are stocked in the water (Figure 7b–d).
Ducks in the rice fields can loosen the soil and remove insects. Fish and loaches swim
in the water and loosen the soil, while their manure is used as fertilizer to increase soil
fertility [70]. In this model, the terraces were changed to growing only rice, and the yields
of rice, fish, and ducks were outstanding. The average yield of red rice was 5370 kg/hm2;
the average yield of fish (carp) products was 750 kg/hm2, with 150 male and 225 female
ducks per hectare; and the duck egg production was 21,600 eggs/hm2 [71]. In addition,
the rice–fish–duck integrated farming model not only provides a variety of high-quality
products to improve farmers’ living conditions but also contributes to local ecological
conservation. The swimming, feeding, and waste excretion of fish and ducks contributes to
the weeding, fertilizing, and cultivation of rice, with the three processes being mutually
beneficial and symbiotic. Organic fertilizers have been applied to inhibit the growth of
weeds and loosen the soil structure, reducing the usage of chemical fertilizers and pesticides
and thereby reducing environmental pollution. This has resulted in the formation of a
virtuous ecological cycle with very significant ecological benefits [71–74].



Land 2023, 12, 1464 11 of 19

Land 2023, 12, x FOR PEER REVIEW 11 of 21 
 

average yield of fish (carp) products was 750 kg/hm2, with 150 male and 225 female ducks 
per hectare; and the duck egg production was 21,600 eggs/hm2 [71]. In addition, the rice–
fish–duck integrated farming model not only provides a variety of high-quality products 
to improve farmers’ living conditions but also contributes to local ecological conservation. 
The swimming, feeding, and waste excretion of fish and ducks contributes to the weeding, 
fertilizing, and cultivation of rice, with the three processes being mutually beneficial and 
symbiotic. Organic fertilizers have been applied to inhibit the growth of weeds and loosen 
the soil structure, reducing the usage of chemical fertilizers and pesticides and thereby 
reducing environmental pollution. This has resulted in the formation of a virtuous eco-
logical cycle with very significant ecological benefits [71–74]. 

This study concludes that in the rice–fish–duck integrated farming model, farmers 
can grow rice and harvest other animal agricultural products simultaneously, which in-
creases the variety of agricultural products, improves the yield per unit of farmland, and 
establishes the potential to meet the increased demand for animal products in the Chinese 
population’s dietary structure. This model uses existing cultivated land to increase the 
variety of agricultural products supplied, adopting a stereoscopic agricultural approach 
to improve land use efficiency, thereby meeting the increasingly diverse dietary needs of 
the population. The rice–fish–duck integrated farming model relies on the existing ter-
races, which does not require significant additional construction costs, while making ef-
fective use of terrace resources, increasing the output rate of Hani terraces, and increasing 
the economic income of farmers. After deducting the costs of seeds, labor, fertilizer (ma-
nure), and feeding materials, the average profit was 35,850 CNY/hm2 [71]. According to 
the second national land survey, the scale of terraces in China is about 18.66 million hec-
tares, accounting for 13.7% of the total cultivated land [75]. The rice–fish–duck integrated 
farming stereoscopic agriculture system has profound implications for making full use of 
terraced rice fields, increasing animal product supplies, and satisfying the public demand 
for animal products. 

  
(a) (b) 

Land 2023, 12, x FOR PEER REVIEW 12 of 21 
 

  
(c) (d) 

Figure 7. Example of the rice–fish–duck integrated farming model in Hani terraces, Honghe Auton-
omous Prefecture, Yunnan Province, China. (a) The Hani have restructured the hills into layers of 
terraces to expand the area under cultivation (https://difang.gmw.cn/yn/2019-09/20/con-
tent_33175447.htm (accessed on 13 March 2023)). (b–d) In the terraces, ducks are stocked on the 
water and underwater, and fish fry are placed in the rice fields, where fish, ducks, and rice are cul-
tivated together (https://baijiahao.baidu.com/s?id=1744836957018380136&wfr=spider&for=pc (ac-
cessed on 13 March 2023); http://www.jiangsu.gov.cn/art/2019/7/4/art_64753_8607835.html (ac-
cessed on 13 March 2023); http://www.moa.gov.cn/ztzl/zywhycsl/dypzgzy-
whyc/201305/t20130531_3480248.htm (accessed on 13 March 2023)). Figure 7a is from a newspaper 
report; Figure 7b is from Xinhua report; Figure 7c is from the People’s Government of Jiangsu Prov-
ince; and Figure 7d is from the Ministry of Agriculture and Rural Affairs of the People’s Republic of 
China. 

4. Results: How Mountain Areas Can Alleviate the Shortage of Agricultural Land due 
to Changing Dietary Structure 

Mountain land is an important supplementary resource for alleviating China’s culti-
vated land constraints [76]. The increasing level of urbanization in China and the growing 
integration of primary, secondary, and tertiary industries means that a large amount of 
cultivated land will be occupied [77–79]. In particular, the policy of encouraging rural res-
idents to move to small towns to protect cultivated land during urbanization could actu-
ally accelerate the occupation of cultivated land [80]. Therefore, considering the need to 
strictly observe the cultivated land red line and the growing demand for food, making full 
use of available natural resources and using mountainous land for sustainable planting 
and farming activities can simultaneously achieve the dual objectives of saving cultivated 
land resources and improving the agricultural products demanded by the changing die-
tary structure. Faced with the reality of dwindling cultivated land, the use of land in 
mountainous areas is an important approach for guaranteeing China’s food security. 

The use of land in mountainous areas objectively provides space for production to 
meet the demand for food resulting from changes in public dietary structure and allevi-
ates the diminishing nature of cultivated land. All three forms of mountain agricultural 
use cited in this study significantly avoid using existing cultivated land resources while 
producing products that meet the nation’s changing demands. First, agricultural produc-
tion in mountainous areas fully leverages a mountainous area of limited land to avoid 
using cultivated land in plains. Second, these cases produce viable and increasingly de-
manded agricultural products in mountainous areas, aligning with the population’s 
evolving food consumption needs and serving as an alternative to using the limited culti-
vated land on the plains. Finally, the projects described in this study have increased the 
yield of agricultural products per unit of land in mountainous areas, with the case of the 

Figure 7. Example of the rice–fish–duck integrated farming model in Hani terraces, Honghe Au-
tonomous Prefecture, Yunnan Province, China. (a) The Hani have restructured the hills into layers
of terraces to expand the area under cultivation (https://difang.gmw.cn/yn/2019-09/20/content_
33175447.htm (accessed on 13 March 2023)). (b–d) In the terraces, ducks are stocked on the water
and underwater, and fish fry are placed in the rice fields, where fish, ducks, and rice are cultivated
together (https://baijiahao.baidu.com/s?id=1744836957018380136&wfr=spider&for=pc (accessed on
13 March 2023); http://www.jiangsu.gov.cn/art/2019/7/4/art_64753_8607835.html (accessed on 13
March 2023); http://www.moa.gov.cn/ztzl/zywhycsl/dypzgzywhyc/201305/t20130531_3480248.
htm (accessed on 13 March 2023)). Figure 7a is from a newspaper report; Figure 7b is from Xinhua
report; Figure 7c is from the People’s Government of Jiangsu Province; and Figure 7d is from the
Ministry of Agriculture and Rural Affairs of the People’s Republic of China.

This study concludes that in the rice–fish–duck integrated farming model, farmers can
grow rice and harvest other animal agricultural products simultaneously, which increases
the variety of agricultural products, improves the yield per unit of farmland, and establishes
the potential to meet the increased demand for animal products in the Chinese population’s
dietary structure. This model uses existing cultivated land to increase the variety of
agricultural products supplied, adopting a stereoscopic agricultural approach to improve
land use efficiency, thereby meeting the increasingly diverse dietary needs of the population.
The rice–fish–duck integrated farming model relies on the existing terraces, which does
not require significant additional construction costs, while making effective use of terrace
resources, increasing the output rate of Hani terraces, and increasing the economic income
of farmers. After deducting the costs of seeds, labor, fertilizer (manure), and feeding

https://difang.gmw.cn/yn/2019-09/20/content_33175447.htm
https://difang.gmw.cn/yn/2019-09/20/content_33175447.htm
https://baijiahao.baidu.com/s?id=1744836957018380136&wfr=spider&for=pc
http://www.jiangsu.gov.cn/art/2019/7/4/art_64753_8607835.html
http://www.moa.gov.cn/ztzl/zywhycsl/dypzgzywhyc/201305/t20130531_3480248.htm
http://www.moa.gov.cn/ztzl/zywhycsl/dypzgzywhyc/201305/t20130531_3480248.htm
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materials, the average profit was 35,850 CNY/hm2 [71]. According to the second national
land survey, the scale of terraces in China is about 18.66 million hectares, accounting for
13.7% of the total cultivated land [75]. The rice–fish–duck integrated farming stereoscopic
agriculture system has profound implications for making full use of terraced rice fields,
increasing animal product supplies, and satisfying the public demand for animal products.

4. Results: How Mountain Areas Can Alleviate the Shortage of Agricultural Land due
to Changing Dietary Structure

Mountain land is an important supplementary resource for alleviating China’s culti-
vated land constraints [76]. The increasing level of urbanization in China and the growing
integration of primary, secondary, and tertiary industries means that a large amount of
cultivated land will be occupied [77–79]. In particular, the policy of encouraging rural
residents to move to small towns to protect cultivated land during urbanization could
actually accelerate the occupation of cultivated land [80]. Therefore, considering the need
to strictly observe the cultivated land red line and the growing demand for food, making
full use of available natural resources and using mountainous land for sustainable planting
and farming activities can simultaneously achieve the dual objectives of saving cultivated
land resources and improving the agricultural products demanded by the changing di-
etary structure. Faced with the reality of dwindling cultivated land, the use of land in
mountainous areas is an important approach for guaranteeing China’s food security.

The use of land in mountainous areas objectively provides space for production to
meet the demand for food resulting from changes in public dietary structure and alleviates
the diminishing nature of cultivated land. All three forms of mountain agricultural use cited
in this study significantly avoid using existing cultivated land resources while producing
products that meet the nation’s changing demands. First, agricultural production in
mountainous areas fully leverages a mountainous area of limited land to avoid using
cultivated land in plains. Second, these cases produce viable and increasingly demanded
agricultural products in mountainous areas, aligning with the population’s evolving food
consumption needs and serving as an alternative to using the limited cultivated land
on the plains. Finally, the projects described in this study have increased the yield of
agricultural products per unit of land in mountainous areas, with the case of the Hani
terraces also expanding the variety of agricultural products and improving the efficiency of
land production.

The schemes described in this study provide both ecological and economic benefits
while alleviating the shortage of cultivated land. China is currently undergoing rapid
urbanization, and diverse land use demands have led to frequent conflicts between various
land use types, exacerbating the conflict between the economic, ecological, and social bene-
fits of land use [81]. Agricultural development is currently facing challenges of sustainable
development due to narrowing cultivated land resources, damage to the ecological envi-
ronment, and the relatively low economic efficiency of agriculture. As shown in Table 1, the
projects described in this study (stereoscopic cultivation, raising pigs under forests, and rice–
fish–duck integrated farming) can produce many of the agricultural products demanded
by the population while also maintaining the local ecological environment, avoiding the
destruction of vegetation, increasing the production and quality of agricultural products,
raising farmers’ incomes, and promoting sustainable agricultural development.

It should be noted that the use of mountainous areas to alleviate the shortage of
land for agriculture requires sufficient mountainous areas. China’s mountainous areas are
widely distributed and vast. There are 1284 mountainous counties (mountainous areas) in
mainland China, accounting for 74.9% of the nation’s total area, particularly in the central
and western regions, where 73.8% of the territory is covered by mountains [82]. Large tracts
of cultivated land have been abandoned in China’s mountains [83–85]. In 2015, more than
30% of cultivated land was abandoned and not used for mountain farming [86]. The vast
mountainous areas provide a reserve of land for the development of mountain agriculture
and production space for dietary structure and food consumption changes. Faced with the
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shortage of cultivated land, the Chinese government has introduced a series of policies
to encourage the development of mountain agriculture, providing necessary financial,
technical, and human resources policy support to its development.

Table 1. Ecological and economic values of the three case studies of mountain use.

Stereoscopic Cultivation on Hillside
Land in Zigui County

Understory Forest Pig Farming in
Yichun City

Rice-Fish-Duck Integrated Farming
in Hani Terraces

Ecological
environment

Before After Before After Before After

Soil pollution

Reduction of
about 87% of the

phosphorus
pollution load

and about 50% of
the nitrogen

pollution
load [49]

Primeval forest

Within the
ecological

carrying capacity
of the forest, no

ecological
damage occurred

Carbon emissions
1–2% reduction in

greenhouse gas
emissions [87]

Serious erosion of
water and soil

Reduced soil
erosion by

approximately 30%

Forested
woodland, no

pesticide
application

No additives or
hormones; no

heavy metal and
drug residues [65]

Weed growth
Effective

suppression of
weed growth [88]

Use of chemical
fertilizers and

pesticides

Reduced
application of

chemical
fertilizers and
pesticides [89]

Financial income
National-level

poverty-stricken
counties

Per capita income
increased by
more than

13,000 CNY;
comprehensive
output value of

Zigui navel
oranges reached

10 billion
CNY [90]

Understory land
unused, no

income

120,000 CNY
earned from

raising 300 forest
pigs [65]

Income from rice
production only

A significant
increase in

income from the
sale of animal

products such as
fish, duck, and
duck eggs [71]

Feed inputs for
rearing ducks

and fish
Reduced feed

use [87]

5. Discussion
5.1. Similarities and Differences between the Case Studies Examined and Similar Projects around
the World

Other parts of the world face a similar conflict between the lack of cultivated land
and the demand for food. This is especially true in countries with large populations but
limited cultivated land resources. Clearly, there are differences in the natural and economic
circumstances of different countries and regions, and dietary structure needs vary; thus,
understanding the dietary structure needs of different regions is an important prerequisite
for the development of mountain agriculture.

In Japan, for example, 76% of the country’s total land area is mountainous [91], with
only 0.21 acres (about 850 square meters) of cultivated land per person [92]. To meet
domestic food and to cater to the changing dietary structure, Japan has cultivated hilly and
mountainous areas into terraced fields to grow food [93]. The shift in crops in mountainous
areas to produce, such as fruit and organic vegetables [94,95], has objectively contributed to
a change in the dietary structure. Korea also faces the dilemma of having too many people
and too little cultivated land, with mountains covering 64% of the country’s land area.
Korean mountain farming is primarily aimed at increasing food production. Relying on
the rich forest resources in mountainous areas, combined with short-term high-efficiency
planting varieties, Korea has adopted forest planting of camphor, ginseng, mountain
saxifrage, aralia buds, and other mountain herbal medicines, in addition to livestock
grazing in mountain grasslands [96]. Domestic food consumption needs are safeguarded
as far as possible and adapted to the dietary structure of the population.
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The diet of the Hindu Kush in the South Asian Himalayas has changed in recent
years as a result of socioeconomic development [97]. In response to changes in market
demand, fruit is grown on mountain marginal and sloping land [98], and the area under
mountain vegetable cultivation is increasing. Although the motivation for expanding
fruit and vegetable cultivation in the Hindu Kush mountains is to increase economic
income, the production of fruit and vegetable products meets the food consumption needs
of the population at the supply level [99]. This study demonstrates that mountains can
provide productive space for changes in dietary demand. Norway is located on the
Scandinavian peninsula in northern Europe. Mountains make up at least 50% of Norway’s
total area [100]. Due to its high latitude and mountainous terrain, Norway’s farming
conditions are unfavorable, and animal husbandry is its primary agricultural industry,
with cattle, sheep, and reindeer being the predominant meat products [101]. Norwegian
farmers use the vast mountainous terrain to herd cattle, sheep, and reindeer and to forage
among the leaves, shrubs, and grasses of the forests. The Scandinavian mountains provide
the Norwegian diet with abundant meat to meet the country’s food consumption needs;
however, Norwegian mountain forests are at risk of ecological degradation due to grazing
over-exploitation [102], and the rationalization of grazing in the future is an important
issue for the country.

5.2. Study Limitations and Future Research Needs

This study highlights the use of mountainous areas for agricultural production to
alleviate the shortage of cultivated land due to dietary structure changes. While all three
cases described in this study show that mountainous areas can alleviate the problem of
cultivated land shortage, preliminary cost–benefit data were collected and analyzed for
our studied cases. However, we must admit that there is a certain lack of data in terms of
comprehensive costs and benefits, which include construction costs, maintenance costs, and
ecological costs. At present, there are insufficient data to carry out a common cost–benefit
analysis. Collecting these data will be a priority for future research as they will help to
further confirm the economic viability and sustainability of our three cases.

In addition to this, there is a lack of a monitoring system for the construction costs,
maintenance costs, and ecological impacts of case implementation. Long-term monitoring
and evaluation of the case study area will enable all ecological risks to be identified,
ensuring that environmental health is safeguarded and that the project will continue
to provide benefits in the future. This monitoring should be implemented through the
development of institutions that will continue long after the original research project has
ended. We suggest that a testing system should be constructed using three elements:
program operators; government; and third-party organizations, such as research institutes.
First, program operators will fully consider the costs, benefits, and profitability cycle of
a project before it is implemented [103]. The project construction company will make
preliminary judgment forecasts and long-term monitoring of the project’s costs and benefits
and demonstrate the feasibility of the project implementation plan. Second, the government
should set strict ecological and construction standards in order to minimize the negative
impact on the ecological environment. At the same time, the natural environment is
continuously monitored by the environmental protection department in order to determine
the ecological benefits and ecological risks of project implementation. Finally, the research
unit or a third-party institution conducts an objective analysis and evaluation of the effects
of the project implementation through field research, observations, and interviews.

6. Conclusions

China’s cultivated land resources are in very short supply, with less than half of the
world’s cultivated land per capita. Rapid urbanization and industrialization have led to a
steady decline in cultivated land. At the same time, the increasing demand for food and the
change in the dietary structure of the population to a greater proportion of animal foods,
fruits, and vegetables have all contributed to the tightening of China’s cultivated land.
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China has a growing shortage of cultivated land. Therefore, there is an urgent need for
China to find a solution to meet the population’s food consumption needs while alleviating
the shortage of cultivated land due to the changing dietary structure. China’s mountainous
areas are vast, and there is a great deal of under-utilized land in them. The rational use
of this land for agricultural production will be able to meet the changing needs of the
population’s dietary structure while alleviating cultivated land constraints. Therefore, we
propose to make full use of hillside, understory, and limited cultivated land to produce
the agricultural products required by the dietary structure and to meet food consumption
needs without taking away from existing cultivated land resources. The results of the study
show the feasibility of using mountain land to alleviate the shortage of cultivated land
due to changing dietary patterns. The results of the study show the feasibility of using
mountain land to alleviate the shortage of cultivated land due to dietary changes. First,
the use of land in mountainous areas objectively provides space for production to meet
the demand for food resulting from the changing structure of the diet and alleviates the
tightness of cultivated land. Second, there are certain economic and ecological benefits in
the mountains in terms of alleviating the shortage of cultivated land. Finally, China has
enough mountainous land to provide a sufficient reserve of mountainous land to alleviate
the shortage of cultivated land through mountains.

The shortcoming of this study is that there is a real lack of data on the combined costs
and benefits, and the collection of such data will be a priority for future research. Long-term
monitoring and evaluation of the case study area should also be undertaken to ensure that
all construction costs, maintenance costs, ecological risks, and benefit effects are identified;
that environmental health is safeguarded; and that the project will continue to provide
benefits in the future.

Despite these drawbacks, the solutions described in this paper may provide inspiration
for improving the shortage of cultivated land elsewhere in the world. It is not only China—
most countries in the world are facing a shortage of cultivated land resources and food
security issues. We hope that these Chinese case experiences will help others around the
world who are facing the same dilemma. However, this potential can only be achieved if
planners identify the factors required for the success of each method, whether those factors
are present in a given project area, and if not, whether alternative solutions must be found.
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