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Abstract: Recent socioeconomic development, increased transport and new agricultural technology
are endangering the survival of traditional agriculture and the Yi people’s traditional knowledge of
cultivating Tartary buckwheat. The cultural heritage of Tartary buckwheat cultivation among the Yi
communities needs to be investigated and protected before its loss. The main objectives of this study
are to document the Tartary buckwheat cultivation system, to analyze the agroecosystem networks
that support the current system, and to measure the resilience of the ecological, agricultural and social
systems using relevant indicators. The Tartary buckwheat cultivation system in Meigu County uses
a rotation system, in which various crops are planted alternatively (e.g., Tartary buckwheat, green
manure and potato/corn), utilizing bunch planting and furrow drilling technology. Tartary buckwheat
has an important position in the major festival activities among the Yi people’s communities. Network
analysis on the current agricultural system, ecosystem and social system indicated that the system
was stable. The mean score of ecological, agricultural and social stability were 2.50, 2.85 and 2.53,
respectively, indicating moderately stability. In contrast, socio-ecological production landscapes
and seascapes (SEPLS) resilience indicators in Meigu performed only moderately, with a score of
2.63. The assessment of the resilience of the Tartary buckwheat cultivation system can provide
some guidance for policy makers to strengthen biodiversity conservation, sustainable agricultural
production and livelihood development (e.g., land use, responding to extreme environmental stresses
and improving education levels).

Keywords: resilience; Tartary buckwheat; socio-ecological production landscapes and seascapes
(SEPLS); Yi ethnic group

1. Introduction

Agroecosystems are ecosystems in which people have deliberately selected crop plants and
livestock animals to replace the natural flora and fauna [1]. Some agroecosystems are highly simplified,
such as the intensive monocropping of crop and orchard species, and intensive livestock rearing.
Others are more complex (e.g., varietal mixtures, polycultures, mixed crop—-pasture farming and
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agroforestry systems), supporting high levels of biodiversity [1,2]. Agroecosystems cover more than
one-quarter of the global land area, reaching about 5 billion hectares [3,4]. Farmers benefit from
agroecosystems and the surrounding natural vegetation by harvesting plants for food, medicine and
fuel, hunting wild animals, and providing management practices that support the retention of soil and
soil fertility, and conserve water [1,3].

Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn.) is an important, highly nutritional and
nonpoaceous crop that has great potential as a source of food, forage and medicine [5]. Although
it is a minor crop based on global distribution, it is a primary staple food for several sociolinguistic
groups in the Himalayas, including Yi, Tibetans and the Bhutanese [6,7]. Liangshan Yi Autonomous
Prefecture is the largest Yi people’s community in China, located in the center of the origin point
of cultivated Tartary buckwheat [8]. It is believed to be the earliest domestication area of Tartary
buckwheat [9]. The fossil pollen evidence suggests that Tartary buckwheat was a part of Yi people’s
diets over a thousand years [9,10]. They have formed a unique Tartary buckwheat cultivation system
with traditional production methods, rich biodiversity, knowledge systems, cultural diversity and a
unique agricultural landscape.

Resilience refers to the capacity or ability to deal with disturbances or changes without altering the
essential characteristics of the system [11]. Agroecosystems’ resilience does not necessarily mean that
the system will return to its original state [12,13]. Instead, a resilient system can absorb disturbances
and reorganize while changing to retain essentially the same function and structure [14-16]. There are
three central features of resilience: (1) the ability of a system to absorb or buffer disturbances and
still maintain its core attributes; (2) the ability of the system to self-organize; and (3) the capacity
for learning and adaptation in the context of change [17]. Resilience theory provides a framework
to better understand the complex and unpredictable nature of environmental and socio-economic
systems. This approach could contribute to maintaining the productivity, health and longevity of these
systems [18].

Social-ecological systems can be defined as linked systems between people and nature in
which people depend on nature, and nature is influenced by people [17,19]. There are a variety of
social-ecological systems, such as social-ecological landscapes (socio-ecological production landscapes
and seascapes: SEPLS) that link cultural and biological diversity and also represent productive
landscapes that people have developed, shaped and maintained sustainably over a long time [20].
SEPLS improve continually, depending on their exposure to disturbances, their resilience, their adaptive
cycles and their adaptive capacity in the long-term [21]. The resilience of SEPLS concerns how a society
deals with change, and how the capacity for renewal and innovation is provided [17].

The sustainability of the Tartary buckwheat cultivation system in Liangshan Yi Autonomous
Prefecture is facing a challenge, due to the popularization and application of modern agricultural
technologies, and the impact of mainstream Chinese urban culture. Moreover, more and more younger
people are looking for jobs in urban areas. The Tartary buckwheat system is a traditional low-input
agroecosystem [22,23]. The system’s resilience can be increased simply by selecting crop varieties
whose traits match certain low-input requirements [24]. As agricultural systems shape the precious
assets which they rely on for inputs, a vital feedback loop occurs from outcomes to inputs [23].

In an earlier study, we analyzed the seed flow network for conserving Tartary buckwheat
landraces in Lianshan, Southwest China [25]. Our team also used SEPLS indicators to analyze the
resilience of Yanuo village, Xishuangbanna, Southwest China. The results revealed that agricultural
biodiversity, traditional knowledge and innovation were the primary concerns of the local people in
Yanuo Village [26]. How can Tartary buckwheat provide more agroecosystem services expected by
farmers? The present study provides an assessment of the resilience of SEPLS in the Tartary buckwheat
cultivation system in Meigu County. We aimed to demonstrate that assessing resilience based on
the functional traits of the Tartary buckwheat cultivation system in Meigu, dominated by Yi ethnic
people, can provide investors and policymakers with ideas to strengthen biodiversity conservation,
while improving sustainable agricultural production and livelihood development.
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2. Materials and Methods

2.1. Study Sites

Liangshan Yi Autonomous Prefecture is the largest community of Yi people in China, located in
the southwest of Sichuan Province. Meigu County is in the northeast of Liangshan Yi Autonomous
Prefecture, located at 28°01’-28°50” and 102°52’-103°20" (Figure 1). The county profile is long and
narrow, extending 46.4 km from east to west and 94.8 km from north to south, with a total area
of 2573 km?. The highest elevation in Meigu is 4042 m, and the lowest point is only 640 m. It is
a low-latitude plateau with a subtropical climate. The geographical environment is complex and
diverse; under the influence of the monsoon circulation, unique climate characteristics are formed.
The winter and spring are dry, with low temperatures and sufficient sunshine. Summer and autumn
are rainy, with high temperatures. The annual average rainfall and temperatures are 814 mm and
11.4 °C, respectively.
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Figure 1. Location of Meigu County.

Meigu County is rich in natural resources, with 324 km? farming lands, 1085 km? grassland areas
and 1168 km? forested areas. There are various mineral resources. The main mineral deposits are
copper, iron, rare metals, phosphorus, manganese, coal, bauxite, basalt and crystal. Water resources are
also plentiful, including plant and animal resources. More than 30 rare and endangered tree species
are found in the county, such as Davidia involucrata, Cercidiphyllum japonicum, Tetracentron sinense,
and Ginkgo biloba. The sparsely populated land and non-modernized farming techniques allow for a
widespread rotation farming system. The nature of the agricultural land has the same characteristics
as the soil properties of the natural area, but there is an absolute difference in the material content of
the cultivated soils.

2.2. Method of the Study

Field investigations were conducted from May to August 2018. In the study area, a total of
77 respondents (Table 1) coming from 17 villages were interviewed, using the approaches of key
informant interviews and semi-structured interviews [27]. These 77 respondents (44 female and 33 male)
were aged from 10 to 98. A high rate of illiteracy was recorded, with 67.5% of respondents lacking formal
education, and 18.2% having received only primary school education. In total, 22% of respondents had
migrant work experience. Respondents were asked to introduce the Tartary buckwheat cultivation
system in the field.
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Table 1. Population profile of the respondents in the 17 villages.

Category of Population Profile Characteristics of the Number of Percentage of
Population Profile Respondents Respondents (%)
Gender Male 33 429
Female 44 57.1
Age range 10-29 14 18.2
30-39 15 19.5
40-49 22 28.5
50-59 12 15.6
60-90 14 18.2
Education level Illiterate 52 67.5
Primary school 14 18.2
Middle school 7 9.0
High school 3 3.9
University 1 1.3
Outing experience No outing experience 60 77.9
Migrant working 17 22.1

The fifteen indicators of resilience in SEPLS were designed to capture local people’s perceptions
of the resilience of Tartary buckwheat cultivation system. All of the indicators cover three aspects:
the ecosystem, agricultural system and social systems (Table 2). At the beginning of the participatory
research, the assessment methodology and indicators were introduced to all of the respondents.
All respondents were asked to give a score for fifteen indicators for the SEPLS. The specific approach
was to evaluate a score for all indicators, with 1-5 points. Then, the scores for the all indicators were
collected. Average scores for each category were then calculated. According to the preferences which
the respondents expressed, the most suitable choices in the 1-5 point scale were ranked from the lowest
to the highest degree (e.g., 1: deficient degree of resilience, 3: moderate degree of resilience and 5:
very high degree of resilience) [12]. In other words, a score of 1 means that the landscape or seascape
performs very poorly, and a score of 5 means an extremely good performance.

Table 2. The resilience assessment indicators for the SEPLS.

Type of System Principle Indicators
Biodiversity 1. Degree of variety in biodiversity
Plant protection for their ecological importance 2. Degree of plant protection
Ecosystem Spatial heterogeneity 3. Degree of land use rate
Multiple use of plants 4. Number of plant species harvested from land
Recovery rate from extreme environmental stresses 5. Degree of recovery rate

Conservation and use of local agriculture crop
species and seeds
Variety of Tartary buckwheat landraces
Diversity of agricultural production
Diversity and maintenance of traditional food system
Yields of crops

Agricultural system

. Degree of conservation of landraces

. Degree of Tartary buckwheat landraces

. Degree of agricultural production

9. Degree of production use of local sources
10. Degree of crops yields

XN O

Cultural traditions related to biodiversity
Specific knowledge about crop planting and
harvesting, and usage
Documentation of biodiversity-associated knowledge

Social system

Cultural heritage

Knowledge and education

11. Degree of rituals & festival used plant

12. Degree of knowledge of management and
usage about crops

13. Degree of seed exchange network

14. Degree of translating knowledge from elder
to young people

15. Degree of education quality

To assess the system’s stability, network mapping of the indicators was performed using UciNet,
version 6.21 [28]. These analyses resulted in three main measures of network centrality. One of these
measures was chosen to evaluate the stability of the system; namely, degree centrality. The degree
centrality of an indicator measures its level of direct connectedness to other indicators; a higher number

m/ (M)

indicates better connectivity. The density of the network was also calculated with D =
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(D: density of network; m: number of actual relationships; n: number of indicators). A modularization
analysis was also conducted to help understand the structure and function of the network.

2.3. Data Analysis

The collected data were analyzed using SPSS, version 20.0 (SPSS Inc., Chicago, IL, USA).
The average value of ecological, agricultural, and social resilience was calculated by dividing the total
amount attached to the system by the total number of respondents. The mean value of three types of
systems was used to assess the overall resilience of the SEPLS. It was used to evaluate the resilience of
the Tartary buckwheat cultivation system in Meigu County.

3. Results

3.1. Definition of the System

To illustrate the characteristics of the Tartary buckwheat cultivation system (Figure 2) in Meigu
County, the structure and function of this cultivation system was analyzed. The system is rain-fed
agriculture with low inputs. Figure 3 shows a structured flowchart of the system. External contributions
to the system include crop seeds, livestock breeds, inorganic fertilizer and traditional management.
Tartary buckwheat, oat, corn, Brassica rapa L., Phaseolus vulgaris L. and soya bean are the main crops
in this system. Tartary buckwheat and other crops co-occupy the time and space of growth, forming
a network of complementary biodiversity. The livestock in the system is also diverse, including
cattle, sheep, goats, pigs and chicken. The integrated model with crops and animal husbandry is a
characteristic feature of the system. Tartary buckwheat’s by-products are used to feed livestock as
high-quality fodder, and the livestock manure is used as high-quality organic fertilizer. Management is
another vital input in this system. The system uses a rotation system (green manure, Tartary buckwheat,
green manure, potato/corn), in which various crops are planted in rotation, using bunch planting and
furrow drilling technology. Different Tartary buckwheat landraces were selected and cultivated in
different habitats and planted on different dates. Rituals are also part of the cultivation, and specific
rituals must be held before sowing and before harvesting.

The Tartary buckwheat cultivation system’s functions are mainly reflected through ecosystem
services. The system provides massive amounts of food, raw materials and energy for local Yi
people. Tartary buckwheat is one of the staple foods within the system. Various crops are cultivated
in alternation (e.g., Tartary buckwheat, green manure, potato/corn), which ensures agricultural
biodiversity and helps to improve soil, while controlling soil erosion. Furthermore, the system is also
part of the cultural heritage of the Yi People.

3.2. Agroecosystem Network Structure

To understand how the Tartary buckwheat cultivation system might change in response to
environmental stress, the agroecosystem will now be introduced from the standpoint of network
approaches (Figure 3). For instance, we explored how concepts such as modularity, nestedness,
and connectance might impact the stability of the interaction networks [29-31] and, consequently,
how these might impact the ecosystem’s emergent functions [32]. Table 3 shows the characteristics
of the indicators that were active in the agroecosystem network, and their degree centrality. It also
shows the indicators’ position in the network. Furthermore, the density of network was 1.40. Based
on the analysis of the network and its centrality, the network map was generated through UciNet.
The significant levels of modularity exhibited by all 15 indictors of the three systems networks in our
study (Figure 4) have important implications for the management of Tartary buckwheat landraces,
the conservation of biodiversity in agricultural landscapes, and the heritage of traditional culture and
knowledge. For example, a farm disturbance effect illustrates how changes in the conventional food
system are connected to changes in biodiversity levels, spatial heterogeneity, the conservation and use
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of local agriculture crop species, Tartary buckwheat landrace diversity, agricultural production directly,
and the loss of knowledge and culture about crops and plants.

Figure 2. Tartary buckwheat (Fagopyrum tataricum) cultivation system in Meigu. (Upper part shows
the whole Tartary buckwheat cultivation system, including village and farmland; lower part shows
Tartary buckwheat, corn and potato in farmland).

External inputs: Ecosystem services:

/ Tartary buckwheat Cultivation system (AHS) \

® Seeds Ecosystem Agricultural Social ¢ Provisioning
system system
® Regulating
© Livestock Biodiversity » Conservation of » Cultural traditions related to
+  Spatial local crop landraces biodiversity ® Supporting
@ Inorganic fertilizer heterogeneity +  Agricultural »  Specific knowledge about
Multiple use of production crop planting and harvesting, ® Conservation
plants * Traditional food and usage
@ Traditional R .
Recovery rate system + Biodiversity-associated ® Cultural

management *  Yields of crops knowledge
\ / * Cultural heritage \ J

food and fuel; improved soil, reducing soil erosion, nutrient

retention and disease regulation; cultural heritage; primary

production and nutrient cycling; conservation of agrobiodiversity

Figure 3. Structure flowchart of the Tartary buckwheat cultivation system.



Sustainability 2020, 12, 5683 7 of 12

Table 3. Characterization of indicators in the agroecosystem network.

Indicators Degree Centrality
Degree of variety in biodiversity 14.39
Degree of plant protection 12.70
Degree of land use rate 12.70
Number of plant species harvested from land 11.85
Degree of recovery rate 8.47
Degree of conservation of landraces 14.39
Degree of Tartary buckwheat landraces 11.00
Degree of agricultural production 11.00
Degree of production use of local sources 13.55
Degree of crops yields 11.00
Degree of rituals & festival used plant 11.00
Degree of knowledge of management and usage about crops 13.55
Degree of seed exchange network 11.00
Degree of translating knowledge from elder to young people 11.00
Degree of education quality 8.47
Density 1.40

";/{74
\\;4

>
Y
i
N

Each node represents a indicator of the Tartary buckwheat cultivation system and a line between two

nodes indicates those two indicators interact in some way.

Figure 4. The network of the Tartary buckwheat cultivation system. (1: Degree of variety in biodiversity;
2: Degree of plant protection; 3: Degree of land use rate; 4: Number of plant species harvested from
land; 5: Degree of recovery rate; 6: Degree of conservation of landraces; 7: Degree of Tartary buckwheat
landraces; 8: Degree of agricultural production; 9: Degree of production use of local sources; 10: Degree
of crops yields; 11: Degree of rituals & festival used plant; 12: Degree of knowledge of management
and usage about crops; 13: Degree of seed exchange network; 14: Degree of translating knowledge
from elder to young people; 15: Degree of education quality).
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3.3. The Resilience of the Socio-Ecological Production Landscapes and Seascapes (SEPLS) in the Tartary
Buckwheat Cultivation System in Meigu County

3.3.1. The Ecological Resilience of SEPLS

The ecological resilience of the SEPLS in the Tartary buckwheat cultivation in Meigu County
refers to the conservation and maintenance of biodiversity. Table 4 shows that the degree of variety in
biodiversity, plant conservation, land use rate, plant species harvested from the land and the recovery
rate are 2.91 + 0.73, 3.04 £ 0.79, 1.84 + 0.67, 3.01 £ 0.72 and 1.71 + 0.65, respectively. The average value
of ecological resilience is at a moderate level, with a magnitude of 2.50.

Table 4. Measuring the resilience of SEPLS.

Type of System Indicators Mean Score (1-5 Point)
Degree of variety in biodiversity 291 +0.73
Degree of plant protection 3.04 +0.79
Ecosystem Degree of land use rate 1.84 + 0.67
Number of plant species harvested from land 3.01+0.72
Degree of recovery rate 1.71£0.65
Degree of conservation of landraces 2.69 +0.99
Degree of Tartary buckwheat landraces 3.13 +£0.97
Agricultural system Degree of agricultural production 290 +0.75
Degree of production use of local sources 2.78 £0.82
Degree of crops yields 2.73 +£0.88
Degree of rituals & festival used plant 2.77 £0.93
Degree of knowledge of management and usage about crops 2.94 +0.78
Social system Degree of seed exchange network 3.05 £ 0.79
Degree of translating knowledge from elder to young people 2.34 +0.74
Degree of education quality 1.57 +£0.85

3.3.2. The Agricultural Resilience of SEPLS

The resilience of the agricultural system means the conservation and maintenance of agricultural
production in the Tartary buckwheat cultivation system in Meigu County. The conservation and use
of local agricultural crop species and seeds, varieties of Tartary buckwheat landraces, diversities of
agricultural production, diversities and maintenance of the traditional food system, and yields of
crops were selected to evaluate the agricultural resilience. The average value of these five indicators
were 2.69 £ 0.99, 3.13 + 0.97,2.90 + 0.75, 2.78 + 0.82 and 2.73 + 0.88 (Table 4). The average amount of
agricultural resilience was at a moderate level, with a magnitude of 2.85.

3.3.3. The Social Resilience of SEPLS

The resilience of the social system means the sustainable livelihood development in the Tartary
buckwheat cultivation system in Meigu County. The cultural traditions related to biodiversity; specific
knowledge about crop planting, harvesting and usage; documentation of biodiversity-associated
experience; cultural heritage; and education were selected to measure the resilience of the system.
Evaluation of the measurement shows that the value of these indicators is 2.77 + 0.93, 2.94 + 0.78,
3.05+0.79,2.34 + 0.74, 1.57 + 0.85, respectively. The average value of social resilience is at a moderate
level, with a magnitude of 2.53.

3.3.4. The Overall Resilience of SEPLS

The overall resilience of the SEPLS was assessed to be moderate, with a magnitude of 2.63.
The evaluation of Figure 5 shows that the overall resilience trend of the entire SEPLS system in Meigu
County is at a moderate level. The results of this assessment draw attention to the indicators that affect
the resilience of the Tartary buckwheat cultivation system. Meanwhile, this assessment also helps
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us to monitor changes and interactions in the system. All of these aim toward the conservation of
biodiversity, agricultural production and sustainable livelihood development.

Ecological resilience of the SEPLS  Agricultural resilience of the SEPLS  Social resilience of the SEPLS

54 54 54

The value of the social resilience

The value of the ecological resilience

The value of the agrict

Figure 5. Resilience of SEPLS in the Tartary buckwheat cultivation system in Meigu.

4. Discussion

The Tartary buckwheat cultivation system consists of an ecosystem, an agricultural system and a
social system. The ecosystem’s traits include abundant biodiversity, appropriate spatial heterogeneity
and a specific recovery rate in extreme environmental stresses. The agricultural system plays an
essential role in the conservation and use of local agriculture crop species and seeds, the diversity
of agricultural production, and maintenance of the traditional food system [33]. Furthermore, local
farmers have accumulated rich experience in adapting to nature, including cultural traditions related
to biodiversity management and use, specific knowledge about crop planting and harvesting, plant
usage for health and cultural activities.

In the study area, the land use rate is reducing due to labor migration. More and more younger
people are looking for jobs in urban areas, which leads to more and more land being left uncultivated.
Moreover, the recovery rate from extreme environmental stresses is at a low level due to difficult local
ecological conditions. For example, once hailstones pelt crops, farmers lose production and may not
have resources to plant the next season. The plant species in the Tartary buckwheat cultivation system
are diverse, including crops, vegetables, wild edible plants and medicinal plants, which provide an
alternative income if the main crop is lost. Even so, the land use and recovery rates are low after
environmental damage events. Farmers keep five or six crops cultivated, with several Tartary buckwheat
landraces. For example, there were at least two Tartary buckwheat landraces in each household.
Unfortunately, there are few policies on the conservation of crop landraces. With abundant crop
resources, the degree of the diversity of agricultural production was at a moderate level. The diversities
and maintenance of traditional food systems has also decreased because of the influence of foreign
food culture. Furthermore, Yi people have kept diverse traditional cultures related to crops, wild plants
and livestock. Farmers, especially elders, master specific knowledge about crop planting, harvesting,
management and usage. They also pass on this knowledge to the next generation as much as possible.
However, the transmission and documentation of this knowledge was shown to be far from sufficient
for the sustainability of this knowledge base. With the development of modern agriculture and the
influence of foreign culture, more and more young people have lost interest in learning traditional
knowledge and culture. The evaluation of knowledge and education levels showed that the degree
of education quality was low in the study area, and has affected local peoples’ cognition of landrace
conservation, biodiversity, land use and some special usages (Figure 4).
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The ecosystem services of the Tartary buckwheat cultivation system include provisioning,
supporting, regulating and cultural services. Farmland is managed for crop and livestock production,
which provides food for farmers, such as the staple foods of Tartary buckwheat, potato and corn,
as well as livestock meat. In addition, fiber fuel is provided, including plant straw and tree branches.
Despite a recent surge in research in ecosystem services management, research in crop production
systems are still missing [34]. There are also significant negative impacts on the environment and
biodiversity that are becoming evident [35,36], some of which might even have negative feedbacks on
sustained crop productivity [37]. Therefore, provisioning food and fuel for farmers is essential in the
system. More than one-fifth of the global soil carbon pool is stored in agricultural soil [38]. This system
provides water storage and purification, carbon storage and gas regulation, and a reduction in air
pollution. Lastly, it also has the function of cultural inheritance. The birth, full moon, adult etiquette,
marriage, funeral, ancestral ceremony, family vows, walking out, marching, working and hunting of Yi
people are inseparable from Tartary buckwheat. Tartary buckwheat cultivation and dietary culture
play an essential role in the ethnic identity of the Yi people. The identification and development of Yi
people’s social organization enhance national spirit and belief, and it has significant cultural awareness
and research value.

Earlier studies have analyzed and discussed the importance of the traditional cultures and
knowledges of China to the conservation of biodiversity [39]. Diversity has been positively linked to
the stability of systems [40-42]. When facing disturbances, traditional food systems are challenging
to change, due to the many factors that sustain their integrity. From the network map (Figure 4),
we conclude that the integrity of the system is high. These assessment results draw attention to the
indicators that affect the resilience of the Tartary buckwheat cultivation system.

5. Conclusions

The results show that the Tartary buckwheat cultivation system in Meigu County is an integrated
model with crop growing and animal husbandry. The system inherits the traditional knowledge of
agricultural management and culinary folk culture. It is, therefore, of considerable significance to
the protection of ecological security and to ensure food security. Through network structure analysis,
we conclude that the system maintains high integrity and stability. Atthe same time, measured resilience
values can provide significant guidance to policy makers to strengthen biodiversity conservation,
concurrently supporting the improvement of sustainable agricultural production and livelihood
development. These measurements of local resilience need to be integrated into policy decisions,
including a greater emphasis paid to land use and ecosystem recovery rates and local education.
Socioecological resilience assessment is also a key for monitoring the changes and interactions of the
components in diverse agricultural ecosystems to support the conservation of biodiversity, agricultural
production and sustainable livelihood development.
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