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Abstract

Background The Daur people are one of the 55 minority ethnic groups in China and have lived in Northern

China for 300 years. In traditional Daur medicine, medicinal and edible plants (MEPs) are utilised for health benefits
and therapeutic purposes; however, related ethnobotanical knowledge is rarely reported, which is disadvantageous
for the sustainable development of these MEPs.

Methods Semi-structured interviews with 122 informants, six focus group discussions, and a resource survey were
conducted in a Daur minority nationality area in Inner Mongolia from 2015 to 2020, and the data statistics were ana-
lysed. In this study, we simulated a system dynamics model aimed at understanding the multiple feedback mecha-
nisms involved in the relationships between the cultural influences and socioeconomic factors, sustainable environ-
ment, and development of MEPs.

Results A total of 52 species of MEPs were identified and relevant ethnobotanical knowledge was assessed using
Daur medicinal species data from Inner Mongolia and the Xinjiang region, with the literature and Ewenki ethnic group
data used for comparison. The most commonly used medicinal plant species by the Daur were found to be Betula
pendula subsp. mandshurica, Artemisia integrifolia, Crataequs pinnatifida, Saposhnikovia divaricata, Artemisia argyi,

and Jacobaea cannabifolia. The MEPs most frequently targeted the digestive and rheumatic immunity systems, as well
as infectious diseases or parasitic infections and other common diseases and basic health issues. MEP knowledge

was primarily limited to older generations; thus, the valuable ethnobotanical knowledge on traditional medicines
must be protected from future losses.

Conclusions Our findings provide insights for future research aimed at exploiting the rich phytochemical diversity
in traditional medicine and promote its use in modern lifestyles. Effective assessment and management of plant
resources will lead to their application for the improvement of dietary diversity, nutrition, and health care.
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Background

Owing to their considerable biological diversity and
wide array of phytochemicals, edible plants have been
an essential source of food and medicine for millennia
[1, 2]. The recognition of the benefits of a plant-based
diet as part of a holistic healthcare solution has gradually
increased. However, the domestication of plants has led
to a reduced crop diversity and a gradual shift from high
to low phytochemistry [3, 4]. Health maintenance of the
general population through promoting the consumption
of a greater variety of nutritional plants is a significant
challenge. Unlike modern medicines, traditional medici-
nal plants have previously been used in ways that resem-
ble dietary interventions, with characteristics such as a
complex material basis, long-term preference, and high
nutritional security, in many nations and regions. Dietary
interventions with medicinal plants and their derived
products have been studied for many diseases, such as
cancer, Alzheimer’s disease, and obesity [5-7]. The scal-
ing of traditional medicinal plant usage will depend on
the vast population knowledge, acknowledgement of
safety concerns, and effectiveness of the prolonged use
for diverse dietary needs [8—10].

China is one of the most biodiverse countries in the
world, particularly in terms of medicinal plants [11, 12].
According to previous reports [13], 7736 species of tra-
ditional medicinal plants have been utilised by ethnic
minorities in China, reflecting the diverse food, culture,
distribution, and development of these different eth-
nic groups [14]. The Daur ethnic group is one of many
minorities with ethnobotanical knowledge. Most Daur
people moved to Inner Mongolia owing to war, but a
small population lives in Heilongjiang and Xinjiang [15].
The Daur people have their own language but no exclu-
sive script. Shamanism was the main religious practice
of the Daur ethnic group, influencing their worldview
and customs in the past, but it has almost disappeared
[16]. For a long time, the Daur people have depended
on wild medicinal and edible plants (MEPs) to ensure
their nutritional security and reduce livelihood risks.
These MEPs are a potential treasure trove of medicines
and health products that are yet to be developed. How-
ever, gradual changes in the ecological environment and
socioeconomic development have caused the addition
and disappearance of many MEP species [17]. Therefore,
it is important to catalogue knowledge of the Daur eth-
nic group on MEPs to conduct in-depth research that will
help understand the relationships between MEPs, cul-
tural diversity, ecological environment deterioration, and
socioeconomic changes.

The urgent need for Daur medicinal plant research
has been increasingly recognised by the scientific com-
munity; however, only a small proportion of available
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medicinal plant records describe foods used for health
care. In the twentieth century, Guo et al. [18] were the
first to survey the use of 14 plant medicines and 16 ani-
mal medicines by the Daur as ethnic medicines. Addi-
tionally, a study by Liu et al. [17] recorded 31 varieties of
medicines, including products and materials from both
plants and animals. Subsequently, Zhang et al. [19] sum-
marised records from previous studies and laid a theo-
retical foundation for further investigation of medicinal
plants used by the Daur ethnic group. These studies have
directly documented traditional medicinal plant applica-
tions; however, no studies have investigated their mecha-
nisms of action or inheritance. Furthermore, changes in
socioeconomic, cultural, and ecological resources have
affected the potential use of MEPs used by the Daur eth-
nic group. In this study, we aimed to: (i) investigate MEPs
used by the Daur ethnic group; (ii) explore the variations
in MEPs among regions inhabited by the same Daur eth-
nic group and the differences in MEP use between the
Daur and other ethnic groups within the same region;
and (iii) evaluate the effects of sustainable resources, cul-
ture, and socioeconomic factors on MEP development.

Methods

Study area

The Daur group consists of a population of 132,299
according to the Seventh Population Census, of which
approximately half live in Hulunbuir City, Inner Mon-
golia [20] within the Ewenki Autonomous Banner, Arun
Banner, Zhalantun City, and Molidawar Daur Autono-
mous Banner [19] (Fig. 1b, Table S1). The majority of
the Daur people live in the Greater Khingan Mountains
within the central and eastern regions, which are pre-
dominantly located in temperate continental monsoon
zones and some in cold temperate zones. Climatic char-
acteristics of the region include long, cold winters and
short, cool summers, in addition to an abundance of sun-
shine and little precipitation, mostly occurring between
July and August. The area comprises various biome types,
such as mountains, grasslands, and plateaus. In addition
to the Daur ethnic group, these areas support a range of
minorities, including the Mongolian [21], Ewenki [22],
and other ethnic groups. The region investigated in the
present study has varied topography, highly diversified
flora, multiple ethnic groups, and a rich cultural diversity
[20, 23].

A group of Daur people moved westward and defended
their territory during the war in the late eighteenth century;
these people are now distributed around Tacheng City in
Xinjiang Province (Fig. 1a). The Daur and 29 other ethnic
groups, including Uyghur, Kazakh, and Mongolian popula-
tions, became allies and built a new homeland. Currently,
approximately 3% of the Daur population lives in Tacheng
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Fig. 1 Study area map showing the Daur minority nationality area in Inner Mongolia and Xinjiang. (a Vegetation types in the Tacheng City of
Xinjiang, b Vegetation types in the Ewenki Autonomous Banner, Arun Banner, Zhalantun City, and Molidawar Daur Autonomous Banner of Inner

Mongolia)

(Table S1). The ethnic gathering area is located in the Tae
Basin, where resources and the environment differ greatly
from those in the Daur ethnic region in Inner Mongolia.
To explore the development and cultural history of Daur
national medicine, we conducted a semi-structured survey
among Daur healers in Inner Mongolia and the Xinjiang
region and compared medicinal information. However,
the information obtained in Xinjiang, especially regarding
the use and dosage of MEPs, was limited and incomplete.
Therefore, we did not include the Xinjiang data in our main
investigation and analyses and used this information only
for comparative analysis of regional differences.

Data collection

Resource survey and sample collection

A team consisting of ethnobotanists, taxonomists, and
Daur individuals conducted the resource surveys and

sample collection. We used a combination of sample area
and transect surveys to allow documentation of a wide
statistical species distribution within the Daur minority
nationality area in Inner Mongolia from 2015 to 2020.
We did not conduct resource surveys and collections in
the Xinjiang region owing to the limited information col-
lected locally on medicinal plant uses, as most species are
cultivated for food.

Field investigations involved collecting various MEPs
(Fig. 2), recording their habitat and location information,
and taking reference photographs. Additional informa-
tion on the abundance and distribution of MEPs in the
study area was collected. Fieldwork was highly beneficial
for the assessment and appreciation of the rich inher-
itance of MEP knowledge and the diversity of ethnic
culture. The family and scientific names of voucher speci-
mens were confirmed using the Plant List database (www.
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Fig. 2 Parts of plants used in Daur medicine at study area (a. Panax ginseng C. A. Mey., b. Scutellaria baicalensis Georgi, c. Sorbaria sorbifolia

(L) A.Braun, d. Perilla frutescens (L.) Britton, e. Rosa davurica Pall,, f. Cicuta virosa L., g. Cucumis sativus L., h. Rhododendron dauricum L., i.
Jacobaea cannabifolia (Less.) E. Wiebe, j. Corylus heterophylla Fisch. ex Trautv., k. Actaea dahurica (Turcz. ex Fisch. & CAMey.) Franch.., I. Xanthium
strumarium L., m. Sambucus williamsii Hance, n. Pulsatilla chinensis (Bunge) Regel, o. Filifolium sibiricum (L.) Kitam., p. Aconitum kusnezoffii Rchb.)

worldfloraonline.org). Voucher specimens of plants were
prepared and deposited at the Baotou Medical College,
Inner Mongolia University, China.

Data collection for frequently used MEPs

The data were collected from the following two types of
sources: 1) interviews, focus group discussions, and field
observations in the study areas and 2) publications and
reviews relevant to the present study [24]. A research
team conducted semi-structured interviews with 122
informants (including healers, ethnic medicine gath-
erers, and local villagers) using preprepared questions
(Table S3). The study employed 98 questionnaires that
were used to collect various types of data. Local tradi-
tional medicine practitioners, such as experts and advi-
sors on traditional MEP knowledge and application,
provided basic information on ethnomedicine and views
on the development status of MEPs, whereas villagers

described the effects of MEPs as part of disease treat-
ments and the efficacy of their daily consumption.

The data collection team paid particular attention to
the choice of language spoken in the interviews, noting
the use of the Chinese, Mongolian, and Daur languages
by the interviewees. Prior to the interviews, we obtained
oral consent from the interviewees that the information
provided could be made public. Those who were expected
to have extensive knowledge of plants used for food and
medicine were selected with the help of the correspond-
ing village committees. Six focus group discussions were
conducted in the Daur Autonomous Township, during
which healers, ethnic medicine gatherers, and local vil-
lage committees helped facilitate an understanding of the
current situation regarding MEPs among the Daur. This
information included the plant resource, daily food con-
sumption, disease treated, ethnic culture, and other rel-
evant information.
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Data analysis

Expression correlation network

Topological relationships among MEPs, their health ben-
efits and therapeutic uses, and attending disease classifi-
cations were analysed using the Cytoscape 3.9.1 software
(https://cytoscape.org/) to obtain key factors and visual-
ise the network [25]. Then, using the plug-in ‘cytoNCA;
we analysed the hub targets, which had a high between-
ness centrality value, and chose the top five targets for
each MEP, health benefits, therapeutic uses, and body
system classification as hub nodes.

Informant consensus factor

The informant consensus factor (ICF) represents the
general use of plants; it is calculated using the following
formula:

ICF = (Ny — Ny) / Ny — 1),

where N, refers to the number of use reports for a par-
ticular disease category and N, refers to the number
of taxa used for a particular use category by all inform-
ants. Low ICF values (close to 0) are obtained if medic-
inal resources are chosen randomly or if there is no
exchange of information about their use among inform-
ants. High ICF values (close to 1.0) are obtained when
the informants indicate well-defined selection criteria for
the species regarding a specific illness category or if the
informants are in full agreement regarding the use of a
certain species for a specific use [26]. Higher ICF values
indicate a stronger agreement among information pro-
viders as to which medicinal plants are used in traditional
therapies for a particular health issue.

Use value (UV) for individual species

The UV—a quantitative measure of the relative impor-
tance [27-29]—was calculated for all species in the study
area using the following formula:

UV =) UyN,

where Y U; is the total number of use reports cited by
each informant for a given MEP and N represents the
total number of informants. Low UVs (close to 0) indi-
cated few reports related to use, and higher UVs indi-
cated a higher number of reports of MEP use, thus
implying species importance.

System dynamics (SD) model

Based on the influence of sustainable resources, culture,
and socioeconomic factors, the feedback and interactions
between subsystems and variables in the MEP devel-
opment status and the future development trend were
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analysed to design an SD model. Using the VENSIM soft-
ware as a modelling tool, a qualitative SD simulation was
performed to model the feedback relationships of effect
variables to supplement qualitative information gathered
from experts and the Daur [30]. The model process relied
on systems thinking, that is, the ability to gain under-
standing by engaging in processes based on mental mod-
els [31, 32].

Results

Sociodemographic characteristics of the study participants
The MEP use surveys consisted of semi-structured inter-
views with a total of 122 people in six focus group dis-
cussions. The study informants were divided into groups
according to age as follows: <30, 31-40, 41-50, 51-60,
and > 60 years old. Most informants were in the 51-60
(51.6%), 41-50 (20.5%), and 31-40 (14.8%) age groups,
a distribution that was representative of the main users
of ethnic medicine and knowledge inheritors. Few indi-
viduals in the youngest (<30 years old; 5.7%) and oldest
(>60 years old; 7.4%) age categories were interviewed
(Table S2).

Plant biodiversity in the Daur minority area

The field survey collected data in the Ewenki Autono-
mous Banner, the Arun Banner, Zhalantun City, and the
Molidawar Daur Autonomous Banner for several years.
A total of 501 species of plants, which belonged to 87
families and 284 genera, were thoroughly studied and
recorded. Asteraceae was the dominant plant family used
(75 species), followed by Rosaceae (37 species), Ranun-
culaceae and Leguminosae (32 species each), and Lami-
aceae (30 species).

Diversity of MEPs used by the Daur

In total, 52 species of commonly used MEPs from 29
families and 47 genera were identified using the UV
(Table 1). Among them, Rosaceae was the dominant plant
family used (seven species), followed by Asteraceae (six
species), Amaryllidaceae (four species), Ranunculaceae
and Lamiaceae (three species each), and Betulaceae,
Cucurbitaceae, Apiaceae, Urticaceae, and Poaceae (two
species each). The remaining 19 families (Salicaceae,
Cannabaceae, Polygonaceae, Amaranthaceae, Grossulari-
aceae, Euphorbiaceae, Araliaceae, Ericaceae, Solanaceae,
Plantaginaceae, Viburnaceae, Liliaceae, Asphodelaceae,
Typhaceae, Fabaceae, Zingiberaceae, Brassicaceae,
Rhamnaceae, and Phrymaceae) were represented by one
species each. Herbs (39 species, 75%) were the commonly
used MEP type, followed by trees (seven species, 13.5%)
and shrubs (six species, 11.5%). In the past, most MEPs
were collected from the natural environment, but now,
with the increasing use of herbal medicines for different
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purposes, the extent of cultivation has increased, and
therefore, approximately 42.3% of these MEPs can be
obtained through cultivation.

Depending on the plant, various parts may be used in
the treatment of diseases. According to the informants,
the most commonly used parts are as follows: all parts of
the plant (12 species), followed by the root and seed (10
species each); fruit (7 species); leaf (6 species); bulb, rhi-
zome, bark, branch, flower, and seed oil (2 species each);
and root nodules, leaf sheath, and tree sap (1 species
each) (Fig. 3). Notably, the Daur people predominantly
used easily accessible and regenerating aboveground
parts of MEPs, which differs from the approach used in
traditional Chinese medicine. This largely balances the
use of MEPs with the conservation of natural resources.

We also collected information on the administration
route, preparation, dosage, and usage of MEPs by the
Daur people. According to the present study, MEPs were
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Fig. 3 The statistics of the used parts for MEPs of Daur ethnic group
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prepared via decocting, smashing, boiling, extracting,
and burning. They were most often ingested as pills or
powder or cooked with ingredients such as milk, honey,
wine, vinegar, oats, sesame oil, egg white, rice bran,
beans, barley, nuts, the crucian carp, or a pig stomach.
Some MEPs were used externally in the form of a wash,
fumigate, or wrap. Dosages were estimated for most
MEPs and were dependent on the age of the patient,
severity of the illness, diagnosis, and experience of the
healer.

Use value

The Daur group with ethnobotanical knowledge on their
application considered MEPs to be primarily suitable for
single therapeutic uses or health benefits (36%), followed
by two aspects (34%) and three or more aspects (30%).
The quantitative UV indices revealed that the MEPs most
used as medicines are B. pendula subsp. mandshurica

Above

Seed, 19
ground
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(with a UV of 1.07), Artemisia integrifolia, Actaea dahu-
rica, Crataegus pinnatifida, Saposhnikovia divaricata,
Artemisia argyi, and Jacobaea cannabifolia (all with
UVs of 1.00) and Fagopyrum esculentum, Avena sativa,
and Perilla frutescens (with a UV of 0.99, 0.99, and 0.93,
respectively). Many parts of these plant species, which
are readily available or are typical species in the area, are
used as a health food and a medicine.

Informant consensus factor

The ICF was used to identify plants of particular inter-
cultural relevance and evaluate how homogenous the
obtained information was. Overall, 11 disease categories
were identified. The ICF was calculated for each disease
category, and it ranged from 0.93 to 1.00. The highest
ICF (1.00) was obtained for tumour, which involved one
species and one use report. However, the high ICF value
for this classification may be related to the low number
of cases. The classification with the second highest ICF
was for rheumatic immunity system problem (0.99) with
5 species and 534 use reports. The high values achieved
in the study probably indicate a high degree of consensus
among the informants. The classification with the third

CucumDasivhora fruticosd /et

uuuuuuu

Allium 3
Sistulosum Euphorbia tipine.
Jischeridit

itching

Corylus
heterophyila

uuuuuuuu

Betweenness
0
A Body system
7129 classification

[] Health benefits and
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highest ICF was for skin problem (0.98) with 6 species
and 305 use reports, where the use of medicinal species
was random, and no consensus was reported among the
informants (Table S4).

Health benefits and therapeutic uses of MEPs by the Daur

Table 1 presents MEPs utilised by the Daur for 85 ther-
apeutic uses; these were classified into 11 groups based
on the intended body system or targeted health cat-
egory. The availability of the network model structure
may improve our understanding of the relationships
between MEPs, health benefits, therapeutic uses, and
medical classification. According to the network statis-
tics, the number of nodes was 129, the number of edges
was 194, and the average node betweenness was 416
(Fig. 4). Statistically, the ‘Digestive system’ category was
most frequently detected and included 22 health benefits
and therapeutic uses, including those for dental disease,
diarrhoea, gastric ulcer, loss of appetite, cough, dyspep-
sia, gaseous abdominal distention, enteritis, hepatitis,
abdominal pain, dysentery, laryngeal carcinoma, rheu-
matism, weakness, lethargy, acute gastroenteritis, and
stomach flu. Other categories included ‘Infectious or

. _pediatriappuratiyg o
wiiips? PR Hiseblecdmastitis s ummeruignephritis
blood

hepatocirrhosis
dental disease.
digestion

Rheumatic
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. conmettive
fhsul berculos
fhasye f bones
~cabi
Infectious i .
s Genitourinary et i
v sy®m of scabics
parasitic )
coual
hondrit
Digghive Endogrine enterits
) system
Tumor -
...... he
nnnnnn
blecding
arbuncle
bl
nclilionia dysentery
> S\ Tonile
cheamic_
e =
iiffbea.
3y " 2, Taryng in wi
e i
hdominal §35

O MEPs
therapeutic uses

Fig. 4 Network visualisation of the relationships between health benefits, therapeutic uses, body system classification and MEPs
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parasitic, ‘Rheumatic immunity system;, ‘Respiratory sys-
tem, and ‘Trauma’ Treatment for rheumatism, trauma,
cough, diarrhoea, and chronic nephritis were among
more important health benefits and therapeutic uses.
The health benefits and therapeutic use classification
indicated a link between traditional MEP knowledge and
modern medicine; however, the MEP knowledge of the
Daur ethnic group retained its inherent characteristics.
Among the uses, various common ailments (cough, con-
stipation, diarrhoea, and trauma) and endemic diseases
(rheumatism and rheumatoid arthritis) were treated with
numerous therapies as part of the basic health service
provision (Table 2).

Relationship among cultural, socio-economic, and resource
factors with MEPs

The SD model method considers the dynamic interac-
tions among multiple factors and thus meets the require-
ments of simulation systems and can more clearly
represent changing relationships. We present a model
with four closely related subsystems: resources, culture,
socioeconomic factors, and MEP use. Flowcharts demon-
strating the relationships among and between the varia-
bles of each subsystem are shown in Fig. 6. The resources’
subsystem includes resource protection, exploitation, and
overexploitation. This subsystem describes the interrela-
tionship among various elements of sustainable resource
use. The culture subsystem includes education qual-
ity. Higher education systems often negatively affect the
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spread of ethnic languages and religious beliefs, but pro-
mote further communication of the scientific literature.
The socioeconomic subsystem includes urbanisation,
large-scale farming, economic growth, and the popula-
tion. This subsystem mainly describes how changes in
societal norms and economic development affect the
major production modes and lifestyle traits of individu-
als within the population. The negative (+) and positive
(-) markers associated with each arrow indicate the direc-
tion of influence of each factor on the others. The series
of positive and negative causal relationships among the
three subsystems and the use of MEPs form the causal
feedback loops of this study.

Discussion

Regional variations in MEP knowledge in inner Mongolia
and Xinjiang

There were regional differences in the MEPs used by
the Daur ethnic group. Reporters from Inner Mongolia
have cited a total of 52 plant species, and those from the
Xinjiang region have cited 12 species (Fig. 5). Six shared
species between the regions (S. divaricate, P. frutescens,
Allium sativum, and A. argyi) and native (Urtica canna-
bina and Phryma nana) plants were cultivated. The spe-
cies overlap between the Xinjiang and Inner Mongolia
regions was minimal in the MEP use survey, which may
be related to differences in the living environments and
lack of inheritance of knowledge. In our investigation in
Tacheng, we found just two elderly people who carried

Table 2 Top 5 nodes of MEPs, health benefits, therapeutic uses, and body system classification in the network ranked by the

betweenness centrality value in “cytoNCA”

Rank MEPs (Betweenness Centrality) Health benefits and therapeutic uses Body system classification
(Betweenness Centrality) (Betweenness Centrality)

1 Allium sativum (791) rheumatism (3774) Digestive system (7129)

2 Cicuta virosa (509) trauma (2811) Infectious or parasitic (4278)

3 Jacobaea cannabifolia (504) cough (2808) Rhododendron dauricum (2737)

4 Nicotiana tabacum (425) diarrhoea (1122) Respiratory system (2265)

5 Saposhnikovia divaricate (396) chronic nephritis (1013) Trauma (1793)

Daur

Literature

Survey

9
(14.8%)

Fig. 5 Comparison of MEP species between regions and ethnic groups

Evenki Inner mongolia Xinjiang
25 6 6
(32.5%) 115%)  (11.5%)
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out traditional Daur medical practices, and they mainly
used interventional therapies, such as treating concus-
sion by tapping a rope tied to the patient’s head. We gath-
ered information on national costumes, festivals, and
diets from Daur museums, but literature on the use of
MEPs was scarce. The MEP use among the Daur ethnic
groups in the Xinjiang region was mostly dependent on
cultivated species that were readily available, including
Ziziphus jujuba and Zingiber officinale used as food sea-
sonings. An important reason for this is also the serious
loss of ethnobotanical knowledge within the Daur ethnic
group in Xinjiang, which greatly reduced the information
collected during the investigation process.

Differences in knowledge of MEPs between the Daur

and Ewenki ethnic groups

In previous studies, our team collected information on
Ewenki medicine in the same region of Inner Mongo-
lia [22, 33]. Medicinal information was collected on 38
species of MEPs, among which 13 species were com-
mon and their usage was duplicated between the ethnic
groups, with similar methods and therapeutic appli-
cations. The Ewenki ethnic group utilised 25 kinds of
unique medicinal plants. The Daur and Ewenki people
share areas of distribution in Inner Mongolia. In addi-
tion, the two ethnic groups have historically been in
close contact [34], which has led to similarities in the
plant resources used and living environments between

these ethnic minorities. Comparison of the investigated
MEP information in relation to the Daur and Ewenki
ethnic groups (Fig. 5) showed that most species were
selected from local common wild or planted species.
The 13 species used by both ethnic groups included U.
cannabina, S. divaricata, Plantago asiatica, A. argyi, A.
integrifolia, Allium fistulosum, A. sativum, Rosa davu-
rica, Malus baccata, Z. jujuba, Setaria italica, B. pen-
dula subsp. mandshurica, and Prunus padus. Among
them, A. integrifolia was popular among the people
from both minority groups and was frequently used as
a medicine, in the daily diet, and during festive celebra-
tions. However, owing to the differences in ethnic herit-
age, there were some significant differences in the use
of MEPs between the two ethnic groups.

The data collected in this survey of MEP resources
differed significantly from previous records of medici-
nal use in the Daur. This difference is mainly reflected
in the fact that this survey is about the application of
MEPs in the current living environment, rather than
simply recording past use reports. In this process, it
was tried to understand the changes in the application
of MEPs under the influence of different ethnic groups
and different regions. Thus, we observed that the medi-
cal practices of the Daur ethnic minority are related to
access to resources; the species currently used are rela-
tively easy to obtain from wild or cultivated resources,
and the increased diversity of plant types can be
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attributed to the exchange of knowledge with different
ethnic groups.

MEP resources and ecological sustainability

Our investigation in Inner Mongolia revealed that
the MEPs used by the Daur communities accounted
for ~10% of all plant resources in the minority national-
ity area. Owing to their distribution and habitat status,
herbs are more frequently used as medicines and food
than woody plants. In addition, the Daur communities
have shown a preference for perennial wild plants and
cultivated species over annuals for medicinal and edible
use. Aerial parts, seeds, and fruits are easier to obtain
than underground parts and are more palatable for both
medicinal and edible use in daily life. It was evident that
plant selection depended on ecological factors, empirical
factual knowledge, and living habits, in addition to MEP
use characteristics gained from experience.

The major regions inhabited by the Daur ethnic group
are rich in natural resources. These insights into the
distribution of MEPs will aid in the conservation and
management of local ecosystems, biodiversity, and
endangered species habitats. Currently, some studies
have suggested that the climate change will affect bio-
diversity in certain regions at a faster rate than other
factors in the coming decades [35, 36]. The ongoing cli-
mate change increases the probability of local conditions
becoming warmer and wetter, consequently making the
environment more hospitable to native species and suit-
able for cultivation of other species. Although the cli-
mate change has played a role in improving resource
abundance, we identified potential negative effects of
overcollection, overgrazing, and deforestation on MEP
sustainability. Strengthening forest management and
conservation has protected the environment in many
cases, whereas access to wild MEP resources has become
more limited. Connecting MEP use and resource con-
servation with a local policy, cultural diversity, and
biodiversity is critically important for sustaining the soci-
oecological resilience and traditional medicinal systems
of indigenous people (Fig. 6). If information on MEP use
can infiltrate local ethnobotanical knowledge through
text and media communications, MEPs will likely be bet-
ter developed and utilised.

Cultural protection of Daur MEPs

The use of traditional Daur MEPs holds great cultural
value, representing traditional knowledge and the uti-
lisation of nature in Daur society. The Daur ethnic
group in Inner Mongolia lives in the Greater Khingan
Mountains region, where there are extensive birch for-
ests. In historical hunting and gathering society, the
Daur people used the bark of the B. pendula subsp.
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mandshurica to make a variety of utensils and furni-
ture, which we now only see in museums and souvenir
shops [37]. However, the formation of the B. pendula
subsp. mandshurica culture had an invisible impact on
people who used it, and it has a high use value. The tra-
ditional knowledge of the indigenous Daur people on
the medicinal usage of plants, emphasising the deep
connection between humans and nature. The Daur peo-
ple regard A. integrifolia as a national cultural symbol.
The Chinese name for A. integrifolia is ‘Kumule. The
‘Kumule Festival’ was historically established to honour
the significance of A. integrifolia in the survival of the
Daur. In the festival, groups of Daur individuals pick
willow sprouts to make traditional foods, and gather
together. A. integrifolia has gradually developed into
an important cultural symbol and has been recorded in
many characters, promoting the spread of national cul-
ture [38]. But plants that combine cultural, medicinal,
and edible attributes are still in the minority, so most
people tend to be more limited in their knowledge of
medicinal and edible plants.

Interviews and meetings with Daur communities
revealed that Daur traditional MEP knowledge was
mainly limited to herbalists and older people, with less
knowledge held by younger generations. Traditional MEP
knowledge is often transmitted through oral traditions
and practical experience, and a reduction in carriers of
this ethnobotanical knowledge could result in a dimin-
ished understanding and effective utilisation of natural
resources. According to historical records, the Daur peo-
ple have had a high level of education and became urban-
ised early [39]. As a result, their close relationships with
the traditional natural environment through production
modes and lifestyles, such as fishing, hunting, and animal
husbandry, as well as dietary and medical aspects, have
diminished or weakened. Actively recording knowledge
on the traditions and uses of MEPs and properly pre-
serving this information will be conducive to knowledge
protection and inheritance. In addition, supporting the
research, production, and promotion of ethnic minor-
ity medicine through government subsidies and project
funding will increase the dissemination of Daur ethnic
knowledge in local social applications.

Geographically related groups share MEP resources
and knowledge, but the uniqueness of each group’s tra-
ditions within their specific environmental and cultural
contexts is preserved. When comparing regional and eth-
nic differences, we found that changes in any one of these
elements could have imposed an unknown, unquanti-
fiable influence on MEP use. Deeper insights into the
characteristics and values of different MEPs will provide
broader perspectives and support for their preservation
and inheritance.
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MEP resource development

The Daur ethnic group has centuries of successive experi-
ence in acquiring MEP knowledge and in MEP use. Most
MEDPs used by the Daur people are readily available in the
local environment, in addition to many cultivated herb-
als that constitute a considerable part of the medicinal
flora. Specifically, A. integrifolia is a well-known local
wild plant species used in medicine to treat various dis-
eases, including hypertension, hyperlipidaemia, diabetes,
and hepatitis [21]. The Daur have used this species as an
important part of their food system. Previously, A. inte-
grifolia was used to improve predominantly meat-based
diets to reduce the risk of bowel cancer. The species is
now considered a healthy diet staple and is used in soups
and other dishes as part of daily meals [38]. P frutes-
cens is another well-known species among the Daur; the
leaves and seed oil are included in Daur diets, in addi-
tion to the use of fruits, seeds, and seed oil in health
care. One important medicinal property of P. frutescens
is that its seed oil is rich in alpha-linolenic acid, which
has many benefits for human health. The species has
been cultivated over an area>2000 hm? within the Oro-
gen Autonomous Banner. In-depth knowledge of the
traditional uses of medicinal plants can provide clues for
modern drug discovery and development. Many modern
drugs have origins traced back to plants used in tradi-
tional medicine, so preserving and studying these tradi-
tional uses can contribute to discovering new therapeutic
approaches.

The present study revealed that future changes in tra-
ditional culture and socioeconomic environments would
likely result in the loss of traditional medicine prefer-
ences, as this valuable natural asset is restricted to indig-
enous cultures. Globalisation and cultural exchanges can
lead to conflicts between different cultures, impacting the
transmission of traditional medicine. In addition, some
cultures may be perceived as more modern or advanced,
leading to disdain or neglect of traditional medicinal
practices. Therefore, we should fully document the valu-
able MEP knowledge of the Daur ethnic group. An addi-
tional solution is to increase MEP use in daily edible
consumption. In China, this phenomenon of decreased
use of traditional medicines is gradually becoming more
common among the small number of ethnic minorities
who retain a large body of MEP-related knowledge but
lack dispersed spoken and written languages. Advances
in modern medicine have led to the widespread use of
pharmaceutical therapies, which are often more acces-
sible, standardised, and, in some cases, more effective.
People are increasingly inclined to choose modern medi-
cine over traditional practices, reducing the demand for
traditional plant-based remedies. MEPs with significant
health benefits and therapeutic uses should be explored
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in future studies, with a particular focus on their conser-
vation, pharmacological mechanisms, and phytochemi-
cal properties. Additionally, products such as perilla seed
oil, honey, and tea have been developed for nutrition and
health care and are often sold as tourist souvenirs.

To address these challenges, comprehensive measures
are necessary, including the promotion of cultural pres-
ervation, support for the transmission of ethnobotanical
knowledge, encouragement of sustainable resource utili-
sation, and the establishment of an integrated healthcare
system that incorporates both modern and traditional
medicine. This can be achieved through policy-making,
community engagement, and education.

Conclusion

With the rise of modern medicine and rapid socioeco-
nomic development, the ethnic cultural heritage and
traditional ethnic medicines, particularly discovery the
use of MEPs, are gradually lost. However, if traditionally
used MEPs are increasingly incorporated into modern
lifestyles for daily health maintenance, this may improve
dietary species diversity. To broaden the role of MEPs in
daily lives of global populations, we conducted research
on the MEPs used by the Daur communities of Inner
Mongolia. Through interviews, focus groups, and field-
work, we collected physical specimens and knowledge
related to 52 species of MEPs that are characteristically
used to remedy regional diseases and for daily health
care. Identify the important species as highlighted by
the ICF and UVs. We designed an SD model to show the
relationships between sustainable resources, culture, and
socioeconomic factors. Ethnic medicinal research is an
ongoing process, during which more potent MEPs and a
rich phytochemical diversity can be gradually discovered
and applied in multiple settings and situations. As we
increase our utilisation of wild resources to improve die-
tary diversity, nutrition, and health care, we must simul-
taneously assess and manage these resources to ensure
their sustainability in accordance with the Convention on
Biological Diversity and local protection strategies.
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