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Abstract: Compared with industrial monoculture, agroforestry has been perceived as a more sustain-
able approach to landscape management that provides various landscape-specific benefits. However,
little is known about agroforestry’s influence on the comprehensive sustainability of agricultural
landscapes. This study focused on the importance of agroforestry and its influence on landscape
sustainability, using 118 China National Important Agricultural Heritage Systems (China-NIAHS)
as cases. In each China-NIAHS, we evaluated the importance of agroforestry and the landscape’s
comprehensive sustainability and explored their correlation. The findings indicate that agroforestry
is important in most China-NIAHS. Agroforestry’s importance is strongly correlated with most sus-
tainability indicators, including biodiversity, income diversity, resource utilization, hydrogeological
preservation, and water regulation. Based on the findings, we discuss the role of agroforestry in
promoting sustainability and provide suggestions for sustainable management and policymaking for
agricultural landscapes on a national scale.
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1. Introduction

More than 10% of the earth’s land surface is covered by agricultural landscapes [1].
These landscapes are shaped by agricultural practices that have been adapted to specific
environments for centuries [2]. Agricultural heritage landscapes are prominent examples
of the results of these traditional human-nature interactions that continue to be used
today [3]. They are appreciated worldwide as being rich in interrelated natural and cultural
values [4,5]. To promote the understanding and conservation of agricultural heritage
landscapes, in 2002, the Food and Agriculture Organization of the United Nations (FAO)
launched the Globally Important Agricultural Heritage Systems (GIAHS). In response to
the GIAHS, since 2012, China’s Ministry of Agriculture and Rural Affairs has engaged in a
long-term project to survey and protect agricultural heritage landscapes throughout China,
proposing a list of China’s National Important Agricultural Heritage Systems (China-
NIAHS). So far, 118 sites have been identified in the China-NIAHS (Figure 1). They are
referred to as the “national treasures,” or “pearls of traditional wisdom” [6].

However, the current affection for modern agricultural approaches has been threat-
ening the sustainability of many agricultural heritage landscapes [7-9]. Given that only
nine plant species account for almost two-thirds of the total crop yield of agriculture [10],
industrial monoculture has been a prevailing alternative to traditional agriculture. Despite
its recognized economic benefits, the spread of industrial monoculture has been criticized
for its negative social and environmental impacts [11]. For example, industrial monoculture
is associated with soil depletion [12], inefficiency in capturing nutrients and water [13],
exotic species invasion [14], biodiversity loss [15], susceptibility to pests and diseases [16],
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and deterioration of cultures and local livelihoods [13]. Furthermore, these issues appear
to have been aggravated as a result of climate change and resource scarcity.

(d)

(e) (f)

Figure 1. Examples of China-NIAHS that are characterized by agroforestry: (a) Hani Rice Terraces
System; (b) Xiajin Ancient Mulberry Grove System; (c) Diebu Zhagana Agriculture-Forestry-Animal
Husbandry Composite System; (d) Xin’an Traditional Cherry Terraces System; (e) Yangbi Walnut-crop
Mixed System; (f) Yangshan Peach-Poultry Agricultural System (https://www.ciae.com.cn/list/zh/
agricultural_heritage/video.html, (accessed on 22 February 2022)).

The multiple problems associated with modern agriculture prompt an investigation
of the sustainability of agricultural heritage landscapes [17]. Sustainability emphasizes a
long-lasting reconciliation of human development and environmental protection [18]. To
understand and assess sustainability, the ecological, economic, and social benefits people
obtain from landscapes have been identified [18,19]. The United Nations Sustainable De-
velopment Goals (SDG) outline a global agenda for sustainability [20]. While sustainability
is relevant at multiple scales, there has been agreement that sustainability research and
application to guide sustainable agricultural and rural development would be more op-
erational at a landscape scale [21,22]. In this regard, instead of just calculating the values
of assessment indicators, many studies focus on identifying the determinants shaping the
sustainability of agricultural heritage landscapes [23], including those relating to labor
involvement (including available laborers, intergenerational inheritance, off-farm activi-
ties, laborer’s level of management experience, etc.) [24], production diversity (including
biodiversity, structure of mixed crop-livestock systems, etc.) [25], landscape management
(including forest conservation, irrigation systems, etc.) [26], and overall environment (in-
cluding regional natural and cultural contexts, global climate change and droughts, the
dynamics of public policies and local agencies, etc.) [27].


https://www.ciae.com.cn/list/zh/agricultural_heritage/video.html
https://www.ciae.com.cn/list/zh/agricultural_heritage/video.html

Sustainability 2022, 14, 7239

30f19

Although previous research has investigated a variety of factors that may influence
landscape sustainability, the sustainability of agricultural heritage landscapes is usually
assessed by the impact of different landscape management approaches [28,29]. A promi-
nent landscape management approach characterizing agricultural heritage landscapes is
agroforestry. Agroforestry, in which woody perennials are deliberately grown on the same
land management units as crops and/or animals in spatial or temporal arrangements [30],
is assumed to be important for the following two reasons: first, because GIAHS and China-
NIAHS are named after crops, trees, and livestock, agroforestry appears to be the mainstay
of the agricultural heritage landscapes. Second, agroforestry, involved in diverse landscape
managements approaches, is an integral part of a sustainable working system that recon-
ciles the values of various components (land, plant, animal, labor, irrigation, etc.) [31-33].
However, there is a lack of systematic research clearly explaining the relationship between
agroforestry and sustainability compared with other determinants.

Derived from indigenous ecological practices within the context of traditional agri-
culture, agroforestry offers various benefits by combining the most desirable attributes of
crops, trees, and livestock [34]. For example, agroforestry offers environmental benefits
(including carbon sequestration, biodiversity conservation, soil enrichment, and water
quality [35]), enhances local livelihoods [36], and provides social value [37]. In addition,
it represents a valid means of supporting climate change mitigation while maintaining
traditional systems and cultural services [38], as it entails a deep understanding of the
human role in landscapes, considering indigenous knowledge and landscape management,
aesthetic values, inherited cultural patterns, and people’s spiritual identities [39]. Although
agroforestry has been increasingly studied in recent years, most previous studies focused on
individual cases, particularly on production and ecological functions. For example, He et al.
(2020) studied the agrobiodiversity potential of the Shexian Dryland Stone Terraces [40]. Bai
et al. (2016) investigated the water regulation of the Hani Rice Terraces [41]. Prior research
has seldom, however, considered agroforestry as a sustainable approach to landscape
management which embraces the complexity of socioecological systems [42]. Nor have
agroforestry’s effects on sustainability at a national or regional scale been examined using
a larger sample size. Meanwhile, the economic and social aspects of agroforestry were
frequently ignored in assessing its sustainability.

Considering agroforestry as a landscape management approach, this paper examined
agroforestry on the Chinese national scale using 118 of the China-NIAHS as cases (most
do not have a clear boundary, with scales varying from approximately 0.6 to 25,000 km?).
We explored agroforestry’s importance and impact on the sustainability of agricultural
heritage landscapes. Specifically, we addressed two research questions: (1) How impor-
tant is agroforestry in China-NIAHS? (2) How does agroforestry influence the landscape
sustainability of China-NIAHS?

To address the research questions, we collected and interpreted information about
China-NIAHS from multiple sources. For each site, we measured the importance of
agroforestry and evaluated landscape sustainability using multidimensional indicators.
The impacts of agroforestry’s importance on landscape sustainability were then examined
using correlation analysis. Finally, we discussed the mechanisms of the impacts and the
implications for the sustainable development of agricultural heritage landscapes at the
national scale.

2. Materials and Methods

Four research phases were undertaken to investigate the importance of agroforestry
and it impacts on the landscape sustainability of China-NIAHS (Figure 2):
1.  Collection of detailed information about China-NIAHS;
2. Evaluation of the importance of agroforestry;

3.  Establishment of the assessment indicator system to measure the landscape sustain-
ability of China-NIAHS;
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4. Correlation analysis between the importance of agroforestry and the landscape sus-
tainability of China-NIAHS.

1 Collection of basic data
of 118 China-NIAHS

Application files for the China-
NIAIIS on the China Agricultural
Digital Resource website

2 Evaluation of the
importance of
agroforestry in
China-NIAHS

Diversity of
al the landscay

4 Correlation analysis

Calculation of Pearson's

— Application files for the GTAHS

Growth rate ol disposable
personal income (DP1)
Information T
" Income diversity
analysis

coellicient ol importance of
agroforestry land-usc modces
on the TAO website and multiple indicators of

China-NTATIS landscape

Related literature across
multidisciplinary institutions
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assessment of China-
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waler regulation

Resource utilization

Indigenous knowledge
and management
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Figure 2. Schematic diagram of the research process.

2.1. Data Sources

In the first phase, a review of all the application files for the China-NIAHS (available at
the China Agricultural Digital Resource website) and GIAHS (available at the FAO website)
was conducted to obtain detailed information about the importance of agroforestry and its
impact on landscape sustainability [43,44]. As of March 2022, there were 118 sites on the
list of China-NIAHS. Besides these two authoritative platforms, we studied the literature in
this field across multidisciplinary institutions (including scientific institutions, colleges, and
community groups) [45]. We comprehensively analyzed the descriptive text information,
research results, and photographic and video materials based on the database from those
diverse sources. Considering such a wide range of sources avoids oversimplification and
subjective bias, allowing for a more thorough assessment [46].

2.2. Evaluation of the Importance of Agroforestry in China-NIAHS

The second phase was to determine whether agroforestry is important in the 118 China-
NIAHS. As importance is a value judgment that may be assessed by detailed quantitative
and qualitative data, this phase primarily focused on the manual interpretation that con-
verts the descriptive data (including numeric/text descriptions and visual information)
into the indicative score. Some measures were taken to increase the objectivity of this
process. First, the interpretation was guided by three explicit standards that were closely
related to the importance of agroforestry based on the existing literature [47,48]: (1) spatial
distribution of agroforestry (at edges, scattered, or aggregated), (2) diversity of agriculture-
producing species, and (3) diversity of ecosystems at the landscape scale (farms, orchards,
fish ponds, pastures, natural forests, etc.). The specific criteria for scores ranging from 1
to 5 are summarized in Table 1. Second, to reduce bias, the scoring process for each of
the 118 China-NIAHS was based on the multiple information sources mentioned above as
cross-references.
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Table 1. Standard and score table of the importance of agroforestry in the China-NIAHS.

The Criterion of the Importance of Agroforestry Land-Use Modes Given Score Importance Score
Agroforestry Does not Exist in the China-NIAHS 0 0
Only a small amount distributed at the edges 1
Spatial distribution of Scattered with low density 3 X1
agroforestry

Aggregated with high density 5
Little diversity /varieties in single agriculture (<2) 1
More diversity /varieties in single agriculture (>2) 2

: : Involved in any two: agriculture, forestry, and
C . Diversity of 1y 8 ture, forestry, 3

A‘toylf(e)fgieiigyl\?fgsgsm agriculture-producing husbandry, with little diversity/varieties (<4) X2 The a\;&r,a ;g(g of X1,
species

P Involved in any two: agriculture, forestry, and 4

husbandry, with more diversity/varieties (>4)
Involved in agriculture, forestry, and husbandry with 5

more diversity/varieties
Involved in a small number of ecosystems (<3) 1
Diversity of ecosystems Involved in a medium number of ecosystems (3 or 4) 3 X3
at the landscape scale

Involved in a large number of ecosystems (>5) 5

2.3. Landscape Sustainability Assessment of China-NIAHS
2.3.1. Indicator Selection

The third phase established an indicator system after a well-rounded study of di-
verse elements that reveal landscape sustainability. The FAO chose five official criteria
for identifying the GIAHS: (1) food and livelihood security; (2) agrobiodiversity; (3) local
and traditional knowledge systems; (4) cultural value systems and social organizations;
and (5) landscape and seascape features. A survey by Santoro et al. (2020) measured the
contribution of agroforestry to sustainable developments of 59 GIAHS using five indicators:
(1) timber, fuelwood, food, and by-products; (2) biodiversity; (3) landscape; (4) hydrogeo-
logical protection and water regulation; and (5) structural/management characteristics [49].
Zhao et al. (2020) adopted five indicators: (1) economic contribution; (2) social equity; (3)
environmental protection; (4) ecological resources; and (5) disaster resilience [50].

Based on the principles and research mentioned above, we selected seven indicators:
(1) growth rate of disposable personal income (DPI); (2) income diversity; (3) biodiversity;
(4) hydrogeological protection and water regulation; (5) resource utilization; (6) visual
landscape characteristics; and (7) indigenous knowledge and management (Figure 3). The
selection of indicators followed several principles:

(1) Comprehensiveness. Sustainability assessment needs to consider multiple factors
that reflect the needs of humans [32,42]. The Sustainable Development Goals (SDG) are
part of a program designed by the United Nations to steer global development policies
and funds, from 2015 to 2030, to achieve long-term social, economic, and environmental
goals [51]. As illustrated in Figure 3, the seven selected indicators are well-matched with
SDG indicators and cover sustainability’s ecological, economic, and social dimensions,
making the indicator system more comprehensive.

(2) Validity. The designation of China-NIAHS is the result of an examination proce-
dure based on qualitative criteria. The seven selected indicators are well-matched with
official criteria for identifying the China-NIAHS. Therefore, the system’s validation is
ensured by the engagement of stakeholders in this field.

(3) Operability. The growth rate of the DPI was taken from each county’s 2020
National Economic and Social Development Bulletin. Information on other indicators was
found in the text and graphical descriptions of all application files, because these files
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conform to the official criteria for recognizing China-NIAHS and GIAHS. To ensure the
reliability of the evaluation results, we also referred to relevant research literature.

production patierms reverse land degradation

and halt biodiversity loss

effective, incusive
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Figure 3. Matching diagram of landscape sustainability assessment indicators and official criteria for
identifying the China-NIAHS, GIAHS, and Sustainable Development Goals.

2.3.2. Indicator Weight Assignment

Our assessment system for landscape sustainability uses qualitative indicators to
evaluate China-NIAHS. Thus, it relies on the participation of field specialists and re-
peated multidisciplinary surveys. This study integrated the Delphi method (DM) with
an analytic hierarchical process (AHP) to calculate the indicators” weights [52,53]. The
qualitative questionnaires were distributed individually to ten specialists using the DM.
The relative importance of each indicator was determined through comparison using AHP,
based on qualitative questionnaires conducted by field specialists. Then, we gathered
the specialists” opinions and checked for consistency (<0.10) [54]. After three rounds of
anonymous consultation and feedback adjustment, a highly consistent opinion was reached
(consistency test result = 0.0176). Table 2 shows the finalized sustainability assessment
indicator system and weights.
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Table 2. Indicator system of landscape sustainability assessment of the China-NIAHS.
Goal Level Orientation Level Weight Indicator Level Content Weight
' the growth rate of DPT The grovx.fth rate of disposable pfersonal income that 2020 Natlor}al Ec.onc.)rmc 0.0350
Economic 0.2099 and Social Development Bulletin collected from each county (city, district).
sustainability . income diversi Income sources that are provided by a variety of products, including but not 01749
ty limited to food, timber, fuelwood, fruits, herbs, fertilizers, and feed. '
Biodiversity closely related to agricultural production that supports
biodiversity agroecosystems, including indigenous knowledge and adaptive technologies, 0.1321
in agricultural production and utilization of biological resources.
. . . The ability to regulate water supply, improve water quality, fix soil, and
o Environmental hydrogeological protection o L . . .
Landscap.e Sustainability sustainability 0.5499 and water regulation protect topsoil, mc.ludlng indigenous knowledge and adaptive techplques in 0.3024
of China-NIAHS water and soil resource management and landscape conservation.
The degree of accessing and using environmental resources such as soil, water,
resource utilization light, and heat in a vertical or horizontal space, and their 0.1154
biological interaction.
. The significance and protection of landscape features that reflect the
visual landscape . . . . .
o ecological wisdom and landscape aesthetics of harmonious evolution between 0.0400
characteristics
. S humans and nature.
Social sustainability 0.2402
indieenous knowledee and The scale and influence of belief and worship, cultural taboos, traditional
g g customs, festival activities, and the management system based on indigenous 0.2002

management

knowledge inherited from previous generations.
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2.3.3. Indicator Score Evaluation

To better understand the comprehensive landscape sustainability in each nominated
area, this study assessed the degree of each indicator using primary data from the China-
NIAHS, assigning a score from 0 to 3.

The indicator of the growth rate of DPI was linearly transformed to standard values,
with the formula for data adjustment in the range of 0-3 being;:

If x > ~10%, x' = 3; If x < 10%,

s x — lower(x)
~ upper(x) — lower(x)

where, x is the original data, and x' is the recalibrated standard value with a threshold
between 0-3. Negative values are equivalent to 0.

Except for the growth rate in DPI, we manually judged the six indicators according
to application files from an authoritative platform (China Agricultural Digital Resource
website) with multi-source information. This is because it was impossible to individually
measure such a large number of China-NIAHS, each operating at different scales and
without clear boundaries, with a comprehensive assessment. In addition to operability,
several measures were taken to ensure the appropriateness of the procedure:

(1) Collection of reliable data. The application files we used were produced by
different stakeholders (including agricultural and cooperative departments, agricultural
organizations, research institutions and local governments) and examined by Chinese
experts qualified in the field. Thus, the information derived from China-NIAHS application
files not only reflects diverse values, but is also reliable, with less bias.

(2) Cross-reference of multi-source information. We verified the data by seeking
multi-source information (including heritage reports, literature, websites, etc.) as a cross-
reference. Such a wide range of sources can also avoid oversimplifying the complexity of
agricultural heritage, allowing for a more comprehensive assessment of sustainability.

(3) Clear and consistent scoring standard. Rather than being a goal or condition,
sustainability is viewed as a process for sustainability-enhancing decision making [55]. In
response, we converted the descriptive data based on detailed China-NIAHS information
into indicative data. As brief examples show in Table 3, the relative degrees were scored
from 0 to 3 with a clear standard, consistent across all sites.

2.4. Correlation between Agroforestry and the Landscape Sustainability of China-NIAHS

In the fourth phase, Pearson’s correlation coefficient (P) was used to analyze the
degree of correlation between the scores showing the importance levels of agroforestry
and the scores of multiple indicators of China-NIAHS sustainability. Pearson’s correlation
coefficient is one of the most common parametric tests for understanding bivariate infer-
ential relationships [56]. Its value, which corresponds to the statistical significance of the
coefficient, varies from —1 to 1, with a value closer to 1 suggesting a stronger bivariate
correlation. The calculation formula is as follows:

po oXY)  E(X—px)(Y—py)) _ E(XY) — E(X)E(Y)

ox0oy ox0y VE(X?) — E2(X)\/E(Y?) — E2(Y)

where, cov (X, Y) is the covariance (an indicator reflecting the degree of correlation between
two random variables), and oxoy is the standard deviation.
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Table 3. Examples of score standard for the sustainability assessment indicator of China-NIAHS.
Hydrogeological Visual Indigenous
Name of . . Protection and Landscape Knowledge and
China-NIAHS Interpretation of Indicator Water Regulation Characteristics Management
\% VI
Ponds planted with mulberry trees on dykes providing leaves for
silkworm rearing, with silkworm feces feeding fish. Every winter,
Huzhou the rich mud at the bottom floats up to the dykes as mulberry
Mulberry-Dyke and fertilizer, improving dyke soil (I, II, IV, V); making full use of 3 3
Fishpond System, water resources in low land with both high yield and adaptability
Zhejiang to both drought and flood (I, II); indigenous knowledge survives,
with sericulture folk activities and festivals flourishing, and
tourism, silk, and freshwater aquaculture developed (I, VI).
Compound production of the forest, crop, pond, and fish (I, IL, IV,
Xinghua Duotian V); take both water storage management and flood control into 3 3
Agrosystem, Jiangsu account (III); unique and impressive landscape (V); indigenous
knowledge survives and the tourism income is abundant (I, VI).
Zhanggiu Onion The main production mode of scallion and wheat rotation for
Cultivation System, more than two years (I, II, IV); traditional deep furrow Yongpei 0 1
Shandong technology (VI).
Hami Cantaloupe The cultivation system of cantaloupe (I, II, IV); soil and water
Cultivation System, conservation (III); develops ecological agriculture system with 1 2

Xinjiang

tourism based on regional characteristics (VI).

Note: The multi-indicator score of landscape sustainability: 0 = ignored, 1 = slight, 2 = obvious, and 3 = very obvious.
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3. Results
3.1. Importance of Agroforestry to the China-NIAHSs

Agroforestry can be found at a total of 109 China-NIAHS (91.5%), indicating that the
practice is widespread throughout China. A total of 10 sites received a score of 0 (8.5%),
15 received a score of 1~<2 (12.7%), 24 received a score of 2~<3 (20.3%), 26 received a score
of 3~<4 (22.0%), and 43 received a score of 4~<5 (23.7%). In general, the importance of
agroforestry is higher in southern China than in northern China (particularly in arid /semi-
arid northern China and in the northeast plain). Although the importance of agroforestry
in China-NIAHS varies, the results indicate that agroforestry plays a fundamental role in
more than half of the China-NIAHS (scores of 3~<5) (Figure 4).

1~<2
2-<3

B 3

B 4+<s

Figure 4. Proportion of different scores showing the importance of agroforestry in China-NIAHS.

3.2. Correlation between the Importance of Agroforestry and the Landscape Sustainability of
China-NIAHS

Figure 5 maps the correlation between the importance of agroforestry and landscape
sustainability in 118 China-NIAHS. It shows that China-NIAHS that accord greater im-
portance to agroforestry (green solid circles with larger diameters) usually have higher
landscape sustainability scores (open circles with larger diameters).

Considering the wide spatial variety in natural and cultural conditions among the
118 China-NIAHS, we analyzed the importance of agroforestry and landscape sustainability
within a specific context. According to the distribution of the results in the eight agricultural
zones (compiled by the National Agricultural Regionalization Committee), the landscape
sustainability of China-NIAHS varies consistently with the importance of agroforestry
(Figure 6). It suggests that the correlation applies to different regions of China.

Specifically, as agroforestry gains importance, most indicators and their weighted
sums rise, indicating a positive correlation (Figure 7). Among these indicators, agroforestry
is deemed crucial for income diversity, biodiversity, resource utilization, hydrogeological
protection, and water regulation, while achieving slightly lower values for visual landscape
characteristics and indigenous knowledge and management. However, it is difficult to
identify the correlation between the importance of agroforestry and the growth rate of DPL
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© Landscape sustainability of China-NIAHS ®
» Importance of agroforestry in China-NIAHS

Figure 5. Map of the evaluation results and the relationship between the importance of agroforestry
and China-NIAHS landscape sustainability.
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Figure 7. Diagram of the relationship between the importance of agroforestry and multiple indicators
of China-NIAHS’s landscape sustainability.

Figure 8 shows the Pearson’s correlation coefficient between any two indicators. There
is a statistically significant correlation between the importance of agroforestry and the
weighted sum of China-NIAHS landscape sustainability (p = 0.76), despite a wide range of
values for any two indicators (0.02 < p < 0.94). Four out of seven indicators suggested a
strong correlation between the importance of agroforestry and the landscape sustainability
of China-NIAHS due to their high coefficient values (p > 0.50). These indicators are
biodiversity (p = 0.78), resource utilization (p = 0.74), hydrogeological preservation and
water regulation (p = 0.67), and income diversity (p = 0.52). These findings suggest that
agroforestry provides substantial ecological and economic value.

The importance of agroforestry is seen to have a medium correlation with indigenous
knowledge and management (0.31) and visual landscape characteristics (0.34), as the value
falls between 0.30 and 0.50. According to the findings, the social benefit that agroforestry
could provide appears to be less significant than the ecological and economic benefits.
However, social indicators may be more challenging to measure than ecological and
economic indicators because they depend on complex, long-term processes that are difficult
to identify.

Neither the importance of agroforestry nor any of the configuration indicators ana-
lyzed have a significant correlation with the growth rate of DPI (0.02 < p < 0.10). Compared
with the strong correlation between agroforestry and income diversity (p = 0.52), this slight
correlation (p = 0.05) indicates a gap between income diversity and the growth rate of DPL.
This should be addressed with more ecological subsidies or mechanism adjustments, which
will require joint efforts by the stakeholders in multiple fields.
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Furthermore, there was a strong correlation (p > 0.75) between any combination of
any two of the following—income diversity, biodiversity, and resource utilization. This
correlation revealed the co-benefit of ecological and economic indicators.
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Figure 8. Pearson’s correlation coefficient plots of the importance of agroforestry and multiple indica-
tors of landscape sustainability. Note: Pearson’s correlation coefficients are commonly classified into
very high degree/strong correlation (Ip| > 0.75), high degree/strong correlation (0.50 < Ip| < 0.75),
moderate degree/medium correlation (0.30 < Ip| < 0.50), low degree/small correlation (1p| < 0. 30),
and no correlation (p = 0).

4. Discussion
4.1. The Specific Roles of Agroforestry in the Landscape Sustainability of China-NIAHS

The results revealed a strong correlation between the importance of agroforestry and
the landscape sustainability of China-NIAHS. The analysis of the China-NIAHS dossiers
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and many studies highlighted the fundamental roles that agroforestry plays in influencing
landscape sustainability, which can be discussed and categorized into the following three
different types.

First, agroforestry is crucial for hydrogeological protection and water regulation
(p = 0.52). This is consistent with previous research conducted on the GIAHS in Asia [49].
This function of agroforestry can be seen in the China-NIAHS that are characterized by
steep cultivated slopes with terraced landscapes, such as the Hani Rice Terraces System
(Yunnan) and the Pidu Forest Farming Culture System (Sichuan). At these sites, forests
are mainly located at the upper fringes overlooking the terraces, where they can regulate
the impact of precipitation and prolong the water supply. They retain water and slowly
release it to the terraces below, avoiding excessive water flow. At the same time, the
forest roots help to stabilize soil and prevent landslides, as in the Xiajin Ancient Mulberry
Grove System (Shandong) and the Jiaxian Traditional Chinese Date Gardens (Shaanxi). In
addition, some agroforestry land use has an indirect role in water resource regulation. For
example, in the Wannian Traditional Rice Culture System (Jiangxi), mountain springs flow
from the surrounding mountains and forests bringing nutrients (especially tree litter and
soil minerals) that nurture high-quality rice crops.

Second, agroforestry optimizes resource utilization in China-NIAHS (p = 0.74). Ac-
cording to the ecological niche theory, the distinct niches of different species in agroforestry
actively complement each other in space and interaction [57]. The aboveground canopy
and underground root system, in particular, may fully utilize light, water, and nutrients by
generating a spatially vertical stratification [58,59]. Compared to common field farms, the
Qianxi Chestnut Compound Cultivation System (Hebei) and the Pinggu Juglans Hopeiensis
Production System (Beijing) enhance light energy consumption rates by 13% to 31% and
water utilization rates by 10.3% to 15.2%, respectively [58,60]. In addition, the optimal
resources utilization by agroforestry is also linked to the microclimate created by forests.
This microclimate is conducive to the growth of cultivated crops in the undercanopy. In
the Kuaijishan Ancient Chinese Torreya Community (Zhejiang) and the Pu’er Ancient Tea
Garden and Tea Culture System (Yunnan), woody plants provide moderate shading and
regulate temperature, light, wind speed, and humidity [58,61].

Last but not least, agroforestry plays a productive role in local communities. On the
one hand, it can promote yield through the above-mentioned efficient use of environmental
resources [59]. For example, the increase in yield due to the forest network of northern
China is generally 25-50% [62]. On the other hand, the wide range of products it provides
(such as timber, firewood, fruit, food, herbs, fodder, etc.) contributes significantly to
income diversity (p = 0.67). In the Diebu Zhagana Agriculture-Forestry-Animal Husbandry
Composite System (Gansu), local forests (composed mainly of conifer species, including the
protected Taxus chinensis) provide grazing for pigs, timber for house construction, firewood
for heating, as well as fertilizers, such as bedding and wood ash. Additionally, medicinal
herbs and around 88 species of medicinal and edible fungi are found in local forests [63].
Significantly, this income diversity contributes to residents’ livelihoods. For example, in the
Dazhai area of the Longji Terraced Fields in Longsheng (Guangxi), the income provided by
terraced crops and forest by-products provides residents with a 97.7% higher income than
non-residents [64].

4.2. Implications and Suggestions for China-NIAHS-Related Landscape Management
and Policymaking

This study not only provides a detailed picture of China-NIAHS, but also gives insight
into management strategies and policymaking. On the one hand, the findings assist in
identifying China-NIAHS that lack sustainability. Most of these are located in North
and Central China, where effective conservation plans should be implemented. To better
protect and manage these at-risk China-NIAHS, the policy and economic pathways for
rural development should vary according to the differences in economic, ecological, and
social sustainability.
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On the other hand, landscape sustainability has a strong correlation with the im-
portance of agroforestry, and much more so with agriculture-producing species, as we
discovered in our study. This finding supports previous studies indicating that agricultural
diversity can improve landscape sustainability [65]. Considering agroforestry’s multiple
fundamental roles in promoting landscape sustainability, this realization should help pro-
mote agroforestry and its role as an integral part of a worldwide multifunctional working
landscape. In response, agroforestry can be intensified or expanded to include more mixed
species. Due to the interactions among elements, it may supply a great variety of benefits.
As a result, agroforestry is more reliable than grant policies and subsidies for a single
element when adopted in practice.

Agroforestry was shown to have a lower correlation with indigenous knowledge and
management (p = 0.31) than with ecological and economic variables. This is conceivable
because China-NIAHS are huge, complex systems with differing temporal dynamics. Thus,
it is difficult to obtain information regarding the roles of indigenous knowledge and
management, which are frequently inadequately described.

Even so, the analysis of the China-NIAHS dossiers and many studies has highlighted
the widespread presence of indigenous knowledge and management, regardless of the
importance assigned to agroforestry [66,67]. While some practices are slowly disappearing
due to radical social and economic changes, most still survive and play a fundamental role
in maximizing the sustainable use of resources [68,69], which is regulated by prohibitions
on land-use tied to indigenous belief systems. For example, given that forests conserve
soil and water, indigenous villages have consistently developed a belief system centered
on sacred forest worship as part of their long-term cultivation of crops and habitation
of settlements. Thus, logging and hunting are not permitted in forest areas managed by
local communities under village regulations. These belief-based prohibitions on land-use
are essential to terraced China-NIAHS, such as the Congjiang Rice-Fish-Duck System,
the Diebu Zhagana Agriculture-Forestry-Animal Husbandry Composite System, and the
Hani Rice Terrace System. This kind of bottom-up approach tailored to local conditions
outperformed top-down rural planning regarding sustainability [70,71]. Consequently, we
suggest that indigenous knowledge and management, as well as related belief systems
collected from local stakeholders, could be integrated into planning and policymaking
involving China-NIAHS [72].

4.3. Limitations and Outlook

This study built an approach to evaluating sustainability that aids in developing
a trans-regional or national collaboration platform for interdisciplinary China-NIAHS
research. However, limitations in terms of the data and objectivity of this study remain.

First, there is a lack of access to certain necessary data. On the one hand, we ex-
cluded some indicators for which data is not available, making the assessment system less
comprehensive. On the other hand, the data for some indicators might not correspond
to the actual situation. For example, the data on indigenous knowledge and manage-
ment largely depends on the accessibility of information provided by the government and
other organizations.

Second, interpretation of the Pearson’s correlation coefficient largely depends on the
context and purpose of the research. For example, there is likely to be a complex, non-linear
relationship between the importance of agroforestry and the growth rate of DPI. Pearson’s
correlation coefficient could not entirely reflect this.

Third, even though this study was based on a thorough investigation of multi-source
data, the indicator values were determined mainly by manual qualitative assessment, which
is somewhat subjective. Therefore, future research requires a combination of subjective
and objective methods to assign values in the evaluation system. As a prerequisite, more
quantitative, site-specific spatial data that explore land-use modes and sustainability at
multiple times and geographical scales should be obtained.
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As this study aimed to provide general knowledge of agroforestry’s effect on landscape
sustainability, we did not conduct field surveys on each of the 118 China-NIAHS. Such a
large number of sites challenged our attempt to initiate field-derived investigations and
in-depth interviews in a traditional manner. Thus, place-specific case studies are needed
in the future to gain more specific knowledge concerning the sustainability-enhancing
mechanism by which agroforestry shapes the agricultural heritage landscapes.

There are only 118 sites on the China-NIAHS list. Given China’s long history of
agriculture, more agricultural heritage sites are waiting to be explored. Figure 4 shows
that south China is home to the majority of the current China-NIAHS. However, the
agricultural diversity of north China, especially northwest China, seems to have been
ignored. Combining agricultural diversity and biological abundance datasets will allow
more agricultural heritage sites to be designated in the future.

Additionally, since China-NIAHS represent unique regional conjunctions of landscape
conservation, green economy, tourism, and cultural interchange [73,74], different contexts
should be considered on a national and regional scale. Although we found a correlation
between the importance of agroforestry and the landscape sustainability of China-NIAHS
applied to different agricultural zoning, future research is needed to investigate spatial
variability at a finer scales in response to comprehensive contexts (biological abundance,
habitat condition, water system, socioeconomic situation, labor migration, distribution of
traditional villages, etc.).This could help with targeted agricultural sustainability and rural
planning strategies.

The current enthusiasm for a single agricultural ecosystem, without considering social
sustainability, entails a certain risk [75]. This is particularly problematic if applied to
agricultural heritage landscapes, given their long-lasting, dynamic interactions between
humans and nature, inherited cultural patterns, and people’s identities and values. Working
as a technique lens for social sustainability, indigenous knowledge and management may
enrich sustainability research, as they deepen the understanding of the role of humans
in ecosystems. There have been calls for closer communication and cooperation between
sustainability research and indigenous knowledge and management, implying a promising
field for future research. As the study material shows, there is a lack of a precise and
uniform approach to dealing with indigenous knowledge and management. Therefore, the
first step is to standardize the description of indigenous knowledge and management of
agroforestry based on a detailed scientific investigation in field-derived case studies. Thus,
these nonmaterial landscape values can be measured explicitly in a qualitative, quantitative,
or spatial way. This will motivate us to work toward a prosperous future, with a productive
landscape and the coexistence of humans and nature.

Author Contributions: Conceptualization, M.Z. and ].L.; methodology, M.Z. and ]J.L.; software, M.Z.
and J.L.; validation, M.Z. and J.L.; formal analysis, M.Z.; investigation, M.Z.; resources, M.Z.; data
curation, M.Z.; writing—original draft preparation, M.Z.; writing—review and editing, M.Z. and J.L.;
visualization, M.Z.; supervision, J.L.; project administration, J.L.; funding acquisition, J.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number 52108051.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.



Sustainability 2022, 14, 7239 17 of 19

References

1.  Gkoltsiou, A.; Athanasiadou, E.; Paraskevopoulou, A.T. Agricultural Heritage Landscapes of Greece: Three Case Studies and
Strategic Steps towards Their Acknowledgement, Conservation and Management. Sustainability 2021, 13, 5955. [CrossRef]

2. Kizos, T.; Vlahos, G. The evolution of the agricultural landscape. In Book Reclaiming the Greek Landscape; Papayannis, T., Howard,
P, Eds.; Med-INA: Athens, Greece, 2012; Volume 97, pp. 133-143.

3. Biirgi, M.; Verburg, PH.; Kuemmerle, T.; Plieninger, T. Analyzing dynamics and values of cultural landscapes. Landsc. Ecol. 2017,
32,2077-2081. [CrossRef]

4. Antrop, M. The concept of traditional landscapes as a base for landscape evaluation and planning: The example of Flanders
Region. Landsc. Urban Plan. 1997, 38, 105-117. [CrossRef]

5. Jiao, Y, Liang, L.; Okuro, T.; Takeuchi, K. Ecosystem services and biodiversity of traditional agricultural landscapes: A case study
of the Hani terraces in Southwest China. In Biocultural Landscapes; Hong, S.-K., Bogaert, J., Min, Q., Eds.; Springer: Dordrecht, The
Netherlands, 2014; pp. 81-88.

6.  Liu, P. To establish a protection system for China’s famous villages of historic and cultural interest. ]. Peking Univ. 1998, 35, 81-88.

7. Agnoletti, M. The degradation of traditional landscape in a mountain area of Tuscany during the 19th and 20th centuries:
Implications for biodiversity and sustainable management. For. Ecol. Manag. 2007, 249, 5-17. [CrossRef]

8.  VanEetvelde, V.; Antrop, M. Analyzing structural and functional changes of traditional landscapes—Two examples from Southern
France. Landsc. Urban Plan. 2004, 67, 79-95. [CrossRef]

9. Yu,H,; Verburg, PH,; Liu, L, Eitelberg, D.A. Spatial analysis of cultural heritage landscapes in Rural China: Land use change and
its risks for conservation. Environ. Manag. 2016, 57, 1304-1318. [CrossRef]

10. Gotsch, N.; Rieder, P. Biodiversity, Biotechnology, and Institutions Among Crops. J. Sustain. Agric. 1995, 5, 5-40. [CrossRef]

11. Liu, C.L.C,; Kuchma, O.; Krutovsky, K.V. Mixed-species versus monocultures in plantation forestry: Development, benefits,
ecosystem services and perspectives for the future. Glob. Ecol. Conserv. 2018, 15, e00419. [CrossRef]

12.  Baltodano, J. Monoculture forestry: A critique from an ecological perspective. In Proceedings of the 6th COP of the FCCC, The
Hague, The Netherlands, 13-25 November 2000; Friends of the Earth International: Amsterdam, The Netherlands, 2000; pp. 2-10.

13.  Erskine, PD.; Lamb, D.; Bristow, M. Tree species diversity and ecosystem function: Can tropical multi-species plantations generate
greater productivity? For. Ecol. Manag. 2006, 233, 205-210. [CrossRef]

14. Bremer, L.L.; Farley, K.A. Does plantation forestry restore biodiversity or create green deserts? A synthesis of the effects of
land-use transitions on plant species richness. Biodivers. Conserv. 2010, 19, 3893-3915. [CrossRef]

15.  Brockerhoff, E.G.; Jactel, H.; Parrotta, J.A.; Ferraz, S.F. Role of eucalypt and other planted forests in biodiversity conservation and
the provision of biodiversity-related ecosystem services. For. Ecol. Manag. 2013, 301, 43-50. [CrossRef]

16. Nowak, ].T.; Berisford, C.W. Effects of intensive forest management practices on insect infestation levels and loblolly pine growth.
Environ. Entomol. 2000, 93, 336-341. [CrossRef]

17.  Li,M.; Zhang, Y,; Xu, M.; He, L.; Liu, L.; Tang, Q. China Eco-Wisdom: A Review of Sustainability of Agricultural Heritage Systems
on Aquatic-Ecological Conservation. Sustainability 2019, 12, 60. [CrossRef]

18. Clark, W.C,; Dickson, N.M. Sustainability science: The emerging research program. Proc Nat. Acad. Sci. USA 2003, 100, 8059-8061.
[CrossRef]

19. Wiens, J.A. Is landscape sustainability a useful concept in a changing world? Landsc. Ecol. 2013, 28, 1047-1052. [CrossRef]

20. Colglazier, W. Sustainable development agenda: 2030. Science 2015, 349, 1048-1050. [CrossRef]

21. Plieninger, T.; Mufioz-Rojas, J.; Buck, L.E.; Scherr, S.J. Agroforestry for Sustainable Landscape Management. Sustain. Sci. 2020, 15,
1255-1266. [CrossRef]

22. Liu,J.; Zhang, M.; Nikita, N. Agent-based design research to explore the effectiveness of bottom-up organizational design in
shaping sustainable vernacular landscapes: A case in Hailar, China. Landsc. Urban Plan. 2021, 205, 103961. [CrossRef]

23. Bond, A.; Morrison-Saunders, A.; Pope, ]. Sustainability assessment: The state of the art. Impact Assess. Proj. Apprais. 2012, 30,
53-62. [CrossRef]

24. Fadul-Pacheco, L.; Wattiaux, M. A ; Espinoza-Ortega, A.; Sanchez-Vera, E.; Arriaga-Jordan, C.M. Evaluation of sustainability of
smallholder dairy production systems in the highlands of Mexico during the rainy season. Agroecol. Sustain. Food Syst. 2013, 37,
882-901. [CrossRef]

25. Ryschawy, J.; Choisis, N.; Choisis, J.P.; Joannon, A.; Gibon, A. Mixed crop-livestock systems: An economic and environmental-
friendly way of farming? Animal 2012, 6, 1722-1730. [CrossRef]

26. Nakajima, E.S.; Ortega, E. Exploring the sustainable horticulture productions systems using the energy assessment to restore the
regional sustainability. ]. Clean. Prod. 2015, 96, 531-538. [CrossRef]

27. Yang, L.; Huang, B.; Mao, M.; Yao, L.; Niedermann, S.; Hu, W.; Chen, Y. Sustainability assessment of greenhouse vegetable
farming practices from environmental, economic, and socio-institutional perspectives in China. Environ. Sci. Pollut. Res. 2016, 23,
17287-17297. [CrossRef]

28. Baccar, M.; Bouaziz, A.; Dugué, P; Gafsi, M.; Le Gal, P.Y. The determining factors of farm sustainability in a context of growing
agricultural intensification. Agroecol. Sustain. Food Syst. 2019, 43, 386—408. [CrossRef]

29. Hu, E; Gan, Y,; Cui, H.; Zhao, C.; Feng, F,; Yin, W.; Chai, Q. Intercropping maize and wheat with conservation agriculture
principles improves water harvesting and reduces carbon emissions in dry areas. Eur. |. Agron. 2016, 74, 9-17. [CrossRef]

30. Agroforestry. Available online: https:/ /www.fao.org/forestry/agroforestry /80338/en (accessed on 15 October 2021).


http://doi.org/10.3390/su13115955
http://doi.org/10.1007/s10980-017-0573-0
http://doi.org/10.1016/S0169-2046(97)00027-3
http://doi.org/10.1016/j.foreco.2007.05.032
http://doi.org/10.1016/S0169-2046(03)00030-6
http://doi.org/10.1007/s00267-016-0683-5
http://doi.org/10.1300/J064v05n01_03
http://doi.org/10.1016/j.gecco.2018.e00419
http://doi.org/10.1016/j.foreco.2006.05.013
http://doi.org/10.1007/s10531-010-9936-4
http://doi.org/10.1016/j.foreco.2012.09.018
http://doi.org/10.1603/0022-0493-93.2.336
http://doi.org/10.3390/su12010060
http://doi.org/10.1073/pnas.1231333100
http://doi.org/10.1007/s10980-012-9801-9
http://doi.org/10.1126/science.aad2333
http://doi.org/10.1007/s11625-020-00836-4
http://doi.org/10.1016/j.landurbplan.2020.103961
http://doi.org/10.1080/14615517.2012.661974
http://doi.org/10.1080/21683565.2013.775990
http://doi.org/10.1017/S1751731112000675
http://doi.org/10.1016/j.jclepro.2014.07.030
http://doi.org/10.1007/s11356-016-6937-1
http://doi.org/10.1080/21683565.2018.1489934
http://doi.org/10.1016/j.eja.2015.11.019
https://www.fao.org/forestry/agroforestry/80338/en

Sustainability 2022, 14, 7239 18 of 19

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.
53.
54.
55.
56.
57.
58.

59.
60.

61.

62.

Fuller, AM.; Min, Q.; Jiao, W.; Bai, Y. Globally Important Agricultural Heritage Systems (GIAHS) of China: The Challenge of
Complexity in Research. Ecosyst. Health Sustain. 2015, 1, 1-10. [CrossRef]

Mastrangelo, M.E.; Weyland, F.; Villarino, S.H.; Barral, M.P.; Nahuelhual, L.; Laterra, P. Concepts and Methods for Landscape
Multifunctionality and a Unifying Framework Based on Ecosystem Services. Landsc. Ecol. 2014, 29, 345-358. [CrossRef]

Zhang, Y.; Li, X.; Min, Q. How to Balance the Relationship between Conservation of Important Agricultural Heritage Systems
(TAHS) and Socio-Economic Development? A Theoretical Framework of Sustainable Industrial Integration Development. J. Clean.
Prod. 2018, 204, 553-563. [CrossRef]

Kremen, C.; Merenlender, A.M. Landscapes That Work for Biodiversity and People. Science 2018, 362, 6412. [CrossRef]

Jose, S. Agroforestry for Ecosystem Services and Environmental Benefits: An Overview. Agrofor. Syst. 2009, 1, 1-10.

Singh, M.; Sridhar, K.B.; Kumar, D.; Dwivedi, R.P; Dev, I.; Tewari, R K.; Chaturvedi, O.P. Agroforestry for doubling farmers’
income: A proven technology for trans-gangetic plains zone of India. Indian Farming 2018, 68, 33-34.

Van Noordwijk, M. Agroforestry-Based Ecosystem Services: Reconciling Values of Humans and Nature in Sustainable Develop-
ment. Land 2021, 10, 699. [CrossRef]

Daniel, T.C.; Muhar, A.; Arnberger, A.; Aznar, O.; Boyd, ].W.; Chan, K M.; Costanza, R.; Elmqvist, T.; Flint, C.G.; Gobster, PH.; et al.
Contributions of cultural services to the ecosystem services agenda. Proc. Natl. Acad. Sci. USA 2012, 109, 8812-8819. [CrossRef]
Schaich, H.; Bieling, C.; Plieninger, T. Linking ecosystem services with cultural landscape research. Gaia Ecol. Perspect. Sci. Soc.
2010, 19, 269-277. [CrossRef]

He, X.L.; Wang, H.F; Liu, G.X.; Wang, Y.X.; Chen, Y.M,; Jia, H.T.; Wang, L.Y. Protection and utilization of agricultural species
diversity and genetic diversity in Shexian Dryland Terrace System. Chin. |. Eco-Agric. 2020, 28, 1453-1464. (In Chinese)

Bai, Y.; Min, Q.; Li, ]. Water Conservation Function of Forest Soil in Honghe Hani Rice Terrace System. J. Soil Water Conserv. 2016,
23,166-170. (In Chinese)

Holting, L.; Komossa, F,; Filyushkina, A.; Gastinger, M.M.; Verburg, P.H.; Beckmann, M.; Volk, M.; Cord, A.F. Including
Stakeholders’ Perspectives on Ecosystem Services in Multifunctionality Assessments. Ecosyst. People 2020, 16, 354-368. [CrossRef]
GIAHS Globally Important Agricultural Heritage Systems: Asia and the Pacific. Available online: https://www.fao.org/giahs/
giahsaroundtheworld /designated-sites/asia-and-the-pacific/en (accessed on 3 October 2021).

China National Important Agricultural Cultural Heritage Online Exhibition. Available online: https://www.ciae.com.cn/list/
zh/agricultural heritage/video.html (accessed on 3 October 2021).

Min, Q. Problems and Suggestions in the Application of Important Agricultural Cultural Heritage in China. J. Herit. Preserv. 2019,
4,8-11. (In Chinese)

Santoro, A.; Venturi, M.; Ben Maachia, S.; Benyahia, F; Corrieri, F,; Piras, E.; Agnoletti, M. Agroforestry Heritage Systems as
Agrobiodiversity Hotspots. The Case of the Mountain Oases of Tunisia. Sustainability 2020, 12, 4054. [CrossRef]

Tilman, D.; Lehman, C.L.; Thomson, K.T. Plant diversity and ecosystem productivity: Theoretical considerations. Proc. Natl. Acad.
Sci. USA 1997, 94, 1857-1861. [CrossRef]

Sistla, S.A.; Roddy, A.B.; Williams, N.E.; Kramer, D.B.; Stevens, K.; Allison, S.D. Agroforestry practices promote biodiversity and
natural resource diversity in Atlantic Nicaragua. PLoS ONE 2016, 11, €0162529. [CrossRef]

Santoro, A.; Venturi, M.; Bertani, R.; Agnoletti, M. Review of the Role of Forests and Agroforestry Systems in the FAO Globally
Important Agricultural Heritage Systems (GIAHS) Programme. Forests 2020, 11, 860. [CrossRef]

Zhao, W.; Wang, S.; Zhang, Y.; Xu, M.; Qie, H.; Lu, Y.; Lu, H.; An, R. A UN SDGs-Based Sustainability Evaluation Framework for
Globally Important Agricultural Heritage Systems (GIAHS): A Case Study on the Kuaijishan Ancient Chinese Torreya Community.
Sustainability 2021, 13, 9957. [CrossRef]

Barnett, C.; Parnell, S. Ideas, implementation and indicators: Epistemologies of the post-2015 urban agenda. Environ. Urban. 2016,
28, 87-98. [CrossRef]

Saaty, T.L. How to make a decision: The analytic hierarchy process. Eur. J. Oper. Res. 1990, 48, 9-26. [CrossRef]

Liu, X. Delphi Technique in the Assessment of Interdisciplinary Research. J. Southwest Jinotong Univ. 2007, 2, 21-25. (In Chinese)
Wu, J. Index system construction and evaluation of tourism sustainable development: A case study of Qingdao. Explor. Econ.
Issues 2013, 10, 64-70. (In Chinese)

Pollesch, N.; Dale, V.H. Applications of aggregation theory to sustainability assessment. Ecol. Econ. 2015, 114, 117-127. [CrossRef]
Xie, M. The relation of covariance, correlation coefficient and correlation. Math. Stat. Manag. 2004, 3, 33-36. (In Chinese)

Liu, X.Y,; Zeng, D.H. Research advances in interspecific interactions in agroforestry system. Chin. J. Ecol. 2007, 9, 1464-1470.
(In Chinese)

Meng, P.; Fan, W.; Song, Z.; Zhang, J.; Xin, X. A Study on the Utilization Efficiency of Water and Energy Resources of Agroforestry
System. For. Res. 1999, 3, 37-42. (In Chinese)

Jose, S.; Gillespie, A.R.; Pallardy, S.G. Interspecific interactions in temperate agroforestry. Agrofor. Syst. 2004, 61, 237-255.

Lu, G.; Ma, X,; Zhou, H.; Xu, Z,; Song, Z.; Meng, P; Liu, Y.; Gong, H. Study on the Farmland Evapotranspiration and the Water
Use Efficiency of Crop of the Compound System of Agroforestry. ACTA Agric. Univ. Pekin. 1992, 18, 26-30. (In Chinese)
Hagiwara, H. The Spatial Distribution of Cities, Landscape Change and Traditional Agriculture in the Tokushima Region. CIRAS
Discuss. Pap. 2019, 90, 49-57.

Xie, J.; Yu, R.; Hu, Y. An overview research of agroforestry ecosystem. J. Beijing For. Univ. 1988, 1, 104-108. (In Chinese)


http://doi.org/10.1890/EHS14-0007.1
http://doi.org/10.1007/s10980-013-9959-9
http://doi.org/10.1016/j.jclepro.2018.09.035
http://doi.org/10.1126/science.aau6020
http://doi.org/10.3390/land10070699
http://doi.org/10.1073/pnas.1114773109
http://doi.org/10.14512/gaia.19.4.9
http://doi.org/10.1080/26395916.2020.1833986
https://www.fao.org/giahs/giahsaroundtheworld/designated-sites/asia-and-the-pacific/en
https://www.fao.org/giahs/giahsaroundtheworld/designated-sites/asia-and-the-pacific/en
https://www.ciae.com.cn/list/zh/agricultural_heritage/video.html
https://www.ciae.com.cn/list/zh/agricultural_heritage/video.html
http://doi.org/10.3390/su12104054
http://doi.org/10.1073/pnas.94.5.1857
http://doi.org/10.1371/journal.pone.0162529
http://doi.org/10.3390/f11080860
http://doi.org/10.3390/su13179957
http://doi.org/10.1177/0956247815621473
http://doi.org/10.1016/0377-2217(90)90057-I
http://doi.org/10.1016/j.ecolecon.2015.03.011

Sustainability 2022, 14, 7239 19 of 19

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Yang, L.; Liu, M.C.; Lun, F;; Min, Q.; Li, W. The impacts of farmers’ livelihood capitals on planting decisions: A case study of
Zhagana Agriculture—Forestry-Animal Husbandry Composite System. Land Use Policy 2019, 86, 208-217. [CrossRef]

Zhang, Y.; He, L,; Li, X.; Zhang, C.; Chen, Q.; Li, J.; Zhang, A. Why are the Longji Terraces in Southwest China maintained well?
A conservation mechanism for agricultural landscapes based on agricultural multi-functions developed by multi-stakeholders.
Land Use Policy 2019, 85, 42-51. [CrossRef]

Jackson, L.E.; Pulleman, M.M.; Brussaard, L.; Bawa, K.S.; Brown, G.G.; Cardoso, LM.; de Ruiter, P.C.; Garcia-Barrios, L.; Hollander,
A.D.; Lavelle, P; et al. Social-ecological and Regional Adaptation of Agrobiodiversity Management across A Global Set of
Research Regions. Glob. Environ. Change 2012, 22, 623-639. [CrossRef]

Scott, A. Beyond the conventional: Meeting the Challenges of Landscape Governance within the European Landscape Convention?
J. Environ. Manag. 2011, 92, 2754-2762. [CrossRef]

Schulz, B.; Becker, B.; Gotsch, E. Indigenous knowledge in a‘modern’ sustainable agroforestry system—A case study from Brazil.
Agrofor. Syst. 1994, 25, 59-69. [CrossRef]

Youn, Y.C. Use of forest resources, traditional forest-related knowledge and livelihood of forest dependent communities: Cases in
South Korea. For. Ecol. Manag. 2009, 257, 2027-2034. [CrossRef]

Ramakrishnan, P.S. Traditional forest knowledge and sustainable forestry: A north-east India perspective. For. Ecol. Manag. 2007,
249,91-99. [CrossRef]

Rovai, M.; Andreoli, M.; Gorelli, S.; Jussila, H. A DSS model for the governance of sustainable rural landscape: A first application
to the cultural landscape of Orcia Valley (Tuscany, Italy). Land Use Policy 2016, 56, 217-237. [CrossRef]

Van Berkel, D.B.; Verburg, P.H. Combining exploratory scenarios and participatory backcasting: Using an agent-based model in
participatory policy design for a multi-functional landscape. Landsc. Ecol. 2012, 27, 641-658. [CrossRef] [PubMed]

Wong, S.; Dai, Y.; Tang, B.; Liu, ]. A New Model of Village Urbanization? Coordinative Governance of State-Village Relations in
Guangzhou City, China. Land Use Policy 2011, 109, 10550. [CrossRef]

Chen, B.; Qiu, Z.; Usio, N.; Nakamura, K. Tourism’s impacts on rural livelihood in the sustainability of an aging community in
Japan. Sustainability 2018, 10, 2896. [CrossRef]

Kajihara, H.; Zhang, S.; You, W.; Min, Q. Concerns and opportunities around cultural heritage in East Asian Globally Important
Agricultural Heritage Systems (GIAHS). Sustainability 2018, 10, 1235. [CrossRef]

Redford, K.H.; Adams, W.M. Payment for ecosystem services and the challenge of saving nature. Conserv. Biol. 2009, 23, 785-787.


http://doi.org/10.1016/j.landusepol.2019.04.030
http://doi.org/10.1016/j.landusepol.2019.03.046
http://doi.org/10.1016/j.gloenvcha.2012.05.002
http://doi.org/10.1016/j.jenvman.2011.06.017
http://doi.org/10.1007/BF00705706
http://doi.org/10.1016/j.foreco.2009.01.054
http://doi.org/10.1016/j.foreco.2007.04.001
http://doi.org/10.1016/j.landusepol.2016.04.038
http://doi.org/10.1007/s10980-012-9730-7
http://www.ncbi.nlm.nih.gov/pubmed/25983392
http://doi.org/10.1016/j.landusepol.2021.105500
http://doi.org/10.3390/su10082896
http://doi.org/10.3390/su10041235

	Introduction 
	Materials and Methods 
	Data Sources 
	Evaluation of the Importance of Agroforestry in China-NIAHS 
	Landscape Sustainability Assessment of China-NIAHS 
	Indicator Selection 
	Indicator Weight Assignment 
	Indicator Score Evaluation 

	Correlation between Agroforestry and the Landscape Sustainability of China-NIAHS 

	Results 
	Importance of Agroforestry to the China-NIAHSs 
	Correlation between the Importance of Agroforestry and the Landscape Sustainability of China-NIAHS 

	Discussion 
	The Specific Roles of Agroforestry in the Landscape Sustainability of China-NIAHS 
	Implications and Suggestions for China-NIAHS-Related Landscape Management and Policymaking 
	Limitations and Outlook 

	References

