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Abstract

Introduction This study aims to safeguard the ethnobotanical knowledge pertaining to traditional forage plants
within the ethnically diverse Gansu-Ningxia—-Inner Mongolia junction zone. It seeks to establish a foundation
for the sustainable utilization of these traditional resources for animal husbandry.

Methods A combination of literature research, village interviews, participatory observation, and ethnobotanical
quantitative evaluation methods was employed to investigate and study the traditional knowledge of wild forage
plants used by local residents in the study area.

Results Local residents provided information on 73 forage plants, which were identified as 116 distinct wild forage
plant species. These plants belong to 22 families and play an active role in the lives of the local inhabitants. Notably,
the families Poaceae, Fabaceae, and Asteraceae are prominent, comprising the most abundant and widely utilized
wild forage plants. Bing Cao (collectively referring to plants of the Agropyron, Leymus, and Psammochloa), Suo Cao
(collectively referring to plants of the genus Stipa), and Ku Cai (encompassing Lactuca tatarica (L.) CAMey. and Ixeris
polycephala Cass.) emerge as the most representative and vital wild forage plants for animal husbandry. Addition-
ally, plants within the Astragalus (referred to collectively as NiaoZi by local residents) in the Fabaceae family, as well
as plants from the Amaranthaceae family, exhibit notable significance.

Conclusion Animal husbandry assumes a pivotal role in the local agricultural economy, and the 116 wild forage
plants investigated hold substantial importance in its development. Among these, 59 and 103 plant resources dis-
play high developmental potential, making them prospective candidates for high-quality cultivated forage grasses.
Additionally, extensive grazing practices have resulted in significant ecological degradation within this already fragile
ecosystem. The cultivation of forage grasses and the practice of pen-based animal husbandry may emerge as crucial
strategies for sustainable development in this area.

*Jian Xie and Xiaogi Liu are co-first authors and have contributed equally to
this work.

*Correspondence:

Wenji Zhao

zhaowenji2005@163.com

Faming Wu

wufaming@zmu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13002-023-00625-0&domain=pdf

Xie et al. Journal of Ethnobiology and Ethnomedicine (2023) 19:53

Page 2 of 25

Keywords Ethnobotany, Forage plants, Sustainable utilization, Conservation, Animal husbandry

Background

Animal husbandry holds a paramount position in both
traditional and modern agriculture [1]. In the Gansu-—
Ningxia—Inner Mongolia junction zone, which faces
economic challenges, animal husbandry serves as a
cornerstone for local social and economic develop-
ment. This region represents a historical convergence of
nomadic and farming ethnic groups in Chinese history,
with a diverse coexistence of Han, Mongolian, Hui, and
other ethnic minorities. This unique agricultural model
combines semi-agricultural and semi-pastoral practices
(2, 3].

Forage plants encompass crops, grasses, wild vegeta-
tion, directly or indirectly provide nutrition and energy
for livestock and poultry. They form the bedrock of
livestock farming, while also playing a pivotal role in
maintaining ecological balance and safeguarding biodi-
versity [4].

The Hashan Nature Reserve, located in Jingyuan
County, Gansu Province, stands as a rare forest reserve
within the Gansu—Ningxia—Inner Mongolia junction
zone. Its Mongolian name, “Ha-Si) meaning “beauti-
ful jade,” reflects its status as a precious gem in the arid
expanse of the Loess Plateau. Agricultural production
faces severe constraints due to challenging climate con-
ditions, impoverished soil quality, and limited water
resources. Consequently, animal husbandry becomes
the primary livelihood and source of income for local
residents. Animals including sheep, pigs, donkeys, mules,
horses, cattle, rabbits, chickens, pigeons, ducks, geese,
and even fish from the Yellow River have all contributed
to the local economy [5]. Particularly noteworthy are the
roles of donkeys, mules, horses, and cattle in traditional
agriculture, especially in mountainous cultivation prac-
tices [6]. However, with the advent of rural urbanization
and agricultural mechanization, the significance of these
livestock has dwindled. Once indispensable contributors
to agricultural production, animals like donkeys, horses,
mules, and other such livestock have become increasingly
rare. The remaining livestock primarily serve as a source
of meat for human consumption, with even donkeys,
which once played a substantial role in regional agricul-
ture, now regarded as a culinary resource. Sheep, includ-
ing goats, constitutes the predominant livestock in this
area, wielding considerable influence over the economic
well-being of rural residents. Jingyuan lamb, a renowned
delicacy within Gansu Province, is closely associated with
this locale.

This multi-ethnic region with its distinct cultural tra-
ditions and lifestyle practices harbors rich and diverse
traditional knowledge, particularly in the selection, uti-
lization, and management of forage plants. However,
with the advancement of societal and environmental
changes, this invaluable traditional knowledge is at
risk of gradual erosion. Simultaneously, forage plant
resources face threats of overexploitation and unsus-
tainable utilization. Hence, a systematic survey, docu-
mentation, and analysis of forage plant diversity and
associated traditional knowledge in this region bear
significant relevance. Such efforts not only serve to pro-
tect and perpetuate ethnic cultural heritage but also
promote sustainable development of livestock farming,
ultimately enhancing the well-being and satisfaction of
local residents.

The pursuit of sustainable resource utilization and
the establishment of a harmonious balance between
agricultural production and ecological preservation
have garnered attention from the scientific commu-
nity [7]. Ethnobotany, as a discipline exploring the
relationship between humans and plants, has become
an important approach for exploring and preserving
traditional knowledge and practices. Internationally,
numerous ethnobotanical studies have been conducted
on forage plant resources and their utilization in dif-
ferent regions, among diverse ethnic groups, and for
various purposes. For example, Sharifian et al. pro-
vided a review of global principles in local traditional
knowledge regarding forage plant-livestock-herder
interactions [8]. Gemedo-Dalle et al. conducted an
investigation on plant biodiversity and ethnobotany of
Borana pastoralists in southern Oromia, Ethiopia [9].
Fernandez-Gimenez analyzed the ecological knowledge
of Mongolian nomadic pastoralists and its relationship
with rangeland management [10]. These studies not
only provide rich data and information but also demon-
strate a variety of research methods and perspectives.
However, in China, there is relatively little ethnobotani-
cal research on forage plant resources and their utiliza-
tion, particularly in the multi-ethnic mixed areas of the
northwestern region. There is a lack of systematic, com-
prehensive, and comparative studies on forage plant
resources and their utilization in these areas.

In this context, we employed the ethnobotanical
research methodology to comprehensively investigate,
document, summarize, and statistically analyze wild
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forage plant resources and their traditional applications
in the multi-ethnic mixed area of the Gansu—Ningxia—
Inner Mongolia junction zone. Our study incorporates
both quantitative and qualitative analyses. The find-
ings hold significant implications for comprehend-
ing the foundational state of forage plant resources in
the region, preserving the traditional knowledge sys-
tem pertaining to their use, and positively contribut-
ing to local industrial and plant resource development,
ecological preservation, and sustainable agricultural
progress.

Materials and methods

Research area

The study encompasses the eastern region of Baiyin City,
including Jingyuan County, Jingtai County, Zhongning
County, and Shapotou District, which border Gansu,
Ningxia, and Inner Mongolia (Fig. 1). This area spans
between 36° N and 37° 50" N latitude and 103° 33' E and
106° 7' E longitude [11]. It lies at the confluence of three
significant regions: the Loess Plateau, Inner Mongolia
Plateau, and Tengger Desert [12, 13]. The terrain is char-
acterized by hills, mountains, deserts, plains, and ter-
races, with ravines intersecting and complex wind-sand
landforms prevalent [14, 15]. The climate falls within
the temperate semi-arid to arid transition zone. Average
annual temperatures range from 6 to 9 °C, with evapo-
ration rates between 1829.6 and 3000 mm and annual
precipitation ranging from 180 to 450 mm [16-18]. This
area serves as a multi-ethnic settlement zone, primarily
inhabited by the Han, Hui, and Mongolian ethnic groups.

Gansu Province

Jingtai
County

=4 Jingyuan
County

Baiyin City
Fig. 1 Research Area
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Additionally, Tibetan, Manchu, and other ethnic commu-
nities coexist (Table 1) [19]. The enduring amalgamation
of these diverse ethnic groups, particularly the perpetual
interplay between traditional farming and nomadic cul-
tures, has given rise to a distinctive local agricultural cul-
ture that blends elements of both (Figs. 1, 2) [20, 21].

Basic information of information providers

The study mainly used Mandarin to randomly interview
local shepherds and farmers. The information providers
were all local rural residents, mainly consisting of shep-
herds, farmers, and livestock station staff. The 80 infor-
mation providers had ages ranging from 29 to 81 years
old. In particular, 7 of them were in the 25-35 age group,
13 in the 36-45 age group, 24 in the 46-55 age group, 22
in the 56-65 age group, and 14 were older than 65 years
old. There were 42 males and 38 females, with a nearly
equal gender ratio. The ethnic composition of the provid-
ers was 42 Han, 22 Hui, 12 Mongolian, and 4 from other
ethnic groups. Among them, there were 29 shepherds
(including farmers who had experience in sheep farm-
ing), 49 farmers (excluding the 29 shepherds), and 2 agri-
cultural technicians (Fig. 3).

The information providers exhibited distinct character-
istics: male, older, and less formally educated individuals
offered a wealth of information, which was diverse and
valuable. This observation aligns closely with the findings
of prior studies on immigrant villages in Ningxia [22].
Interviews with individuals under 25 years old revealed
that only a small number possessed knowledge of wild
forage plants. As a result, residents under 25 years old
were excluded from the group of information providers.

Ningxia Hui
Autonomous Region

3
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Table 1 Basic information of study areas
County Location Population Main ethnic Main language GDP/person Investigation site Number
of Valid
Respondents
Jingyuan E 104°13'-105° 15"; N 373,000 Han Chinese ¥22,410 Shahe Village, Yongxin 8
36°-37° 15" Hui Township
Mongolian Hasshan Nature Reserve, 8
Tibetan Yongxin Township
Shigou Village, Beitang 8
Township
Jintai E 103°33'-104°43"; N 36° 238,000 Han Chinese ¥26,009 Xindun Village, Caowotan 8
43'-37°38 Hui Township
Mongolian Jinping Village, Wufu 8
Township
Humashui Village, 8
Zhongquan Town
Zhongning E 105°26'-106° 7'; N 37° 354,400 Han Chinese ¥48,532 Xinbu Village, XinbuTown 8
9'-37°50 Hui Baima Village, Baima 8
Miao Township
Man
Shapotou  E104°17'-106° 10"; N 36° 402,000 Han Chinese ¥58,807 Jingzhuang Village, 8
06'-37°50' Hui Xiangshan Township
Man ) Xingren Village, Xingren 8
Mongolian Town

Fig. 2 Representative animals raised by local residents (goats, sheep, donkeys)
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Fig. 3 Demographic profile of informants

Ethnobotanical information

The primary informants for this study were local shep-
herds and farmers. We employed key informant inter-
views, semi-structured interviews, and participatory
rural appraisal methods. The interviews were struc-
tured around the “5W + 1H” framework [23], aimed at
capturing the traditional knowledge of local residents
regarding the use of wild forage plants. Information
providers’ basic details, as well as local names, utilized
parts, processing methods, application techniques, fed
animals, feeding seasons, nutritional value, toxicity,
and related data for the plants, were recorded, organ-
ized, and analyzed.

Participatory observation methodology [24] was
applied, involving ten diverse villages. We immersed
ourselves in the local milieu, shadowing herdsmen
during grazing and farmers during collection. This
allowed for an in-depth investigation and research on
the primary pastures and breeders in this area, ena-
bling field research on the traditional methods and
applications of wild forage plants by local residents.
Furthermore, we conducted comparative analyses
on the ecological profiles of distinct primary graz-
ing areas and forage cutting zones. Simple quadrat
surveys were performed on representative ecological
types in this area, with a particular focus on the con-
stituent plant species within each ecological type.

B3 Agricultural technicians . . . . . . . . . .
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Evaluation methods

We used Simpson Index (D) to evaluate the evenness
of forage plant information obtained from different vil-
lages: D=} Pi2; where D is the evenness index, S is the
number of medicinal species, and Pi is the proportion of
information providers for medicinal i in the total num-
ber of information providers for all medicines [25, 26].

Shannon Wiener Index (H'), measuring the richness of
medicinal information obtained from different villages:
H'=-7Pi InPi; where Pi is the probability that the first
information provider in village A mentions medicinal i,
Pi=Ni/N, Ni is the number of information providers for
medicinal i in village A, and N is the total number of infor-
mation providers for all medicines in that village [27].

Sorenson Index (Cs): Cs=2j/(a+b), measuring the
similarity of medicinal information obtained from differ-
ent villages, where j is the number of medicinal species
shared by village A and B, and a is the total number of
medicinal species in village A, b is the total number of
medicinal species in village B [28].

The Utilization Frequency (HUF), evaluating the
adaptation strategy of local people to their surround-
ings and the utilization degree of medicinal resources
in their surroundings: f= Nm/Ni; where fis The Utiliza-
tion Frequency; Nm is the number of people who pro-
vide information about that medicine; Ni is the total
number of information providers [2].
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National Cultural Significance Index (NCSI), evalu-
ating the importance of each plant in the lives of local
residents: NCSI=FQIxAIX FUI X PUI X MFI x NVIx
DSIx 107% where FQI is frequency of quotation index
(the number of people who mention a certain plants
among all information providers), Al is availability
index, FUI is frequency of utilization index, PUI is parts
used index, MFI is multifunctional utilization index,
NVl is nutritional value index, DSI is safety index. Refer
to “Ethnobotanical Research Methods” [29] to set each
index and divide them into grades and assign values.

Specimen identification

We referred to “Flora of China” full-text electronic
version (http://www.iplant.cn/frps) [30], “Illustrated
Handbook of Chinese Desert Plants” [31], “Field Iden-
tification Manual of Common Plants in China « Qil-
ian Mountain Volume” [32], “Illustrated Handbook
of Ningxia Plants,” [33] etc., to identify the plant spe-
cies collected in the survey, make specimens, sort and
analyze various information collected according to
research purposes, and draw charts. Related specimens
are preserved in Zunyi Medical University Herbarium.

Results

Floristic composition of wild forage plants in the region
Local residents furnished information on 73 forage plants
by their local names, which we further investigated, iden-
tifying 116 distinct wild forage plant species. These 116
plants belong to 21 families, all classified under angio-
sperms (Table 2). Among these, two families belong to
monocotyledons: Poaceae and Liliaceae. Notably, Poaceae
is the most prolific family, offering 22 forage grass
plants, along with two plants suitable for forage uten-
sils and grasses (Neotrinia splendens (Trin.) M.Nobis,
P.D.Gudkova & A.Nowak and Achnatherum caragana
(Trin.) Nevski), and one plant exclusively used for for-
age utensils (Achnatherum inebrians (Hance) Keng). Lili-
aceae also presents six forage grass plants, though they
are relatively scarce. Of these, only two Allium species
are widely distributed and also serve as wild vegetables
for local residents. Dicotyledons are represented by 19
families and 84 species, prominently featuring Fabaceae
and Asteraceae. In particular, we identified 24 wild for-
age plants in Asteraceae, second only to Poaceae, while
Fabaceae presented 15 wild forage plants. Remark-
ably, Amaranthaceae plants also demonstrated notable
performance.

Although we encountered monocotyledonous plants in
the area, we regrettably did not gather any information
regarding their use as forage grasses. Examples include
Ephedraceae plants and Pinus plants. It is possible that
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the scent of these plants correlates with their unpopu-
larity among animals. Additionally, we noted significant
variation in the information regarding wild forage grasses
provided by informants from different villages. This
discrepancy appears directly linked to their respective
environments, particularly in areas where they graze or
collect forage grasses daily.

Ecological types and distribution of pastures

The pastures in this area are predominantly comprises
four types: farmland pastures, desert pastures, dry river-
bed pastures, and mountain pastures. Farmland pastures
rely on natural precipitation or irrigation from the Yellow
River, supporting the growth of grasses from the Poaceae
family and leguminous plants (Fig. 4A). Desert pastures
predominantly feature plants from the Asteraceae family,
such as Artemisia and Aster altaicus Willd (Fig. 4B). Dry
riverbed pastures are characterized by species from the
Stipa genus (needlegrasses) and leguminous plants from
the Astragalus genus (Fig. 4C). Mountain pastures harbor
vegetation primarily composed of Bistorta vivipara (L.)
Delarbre and Juniperus procumbens (Siebold ex Endl.)
Miq (Fig. 4D).

Among these, primary forest land, high mountain
gravel beach, and high mountain meadow are specialized
types limited to specific areas, such as the Hashan area
in Jingyuan County and Shoulu Mountain area in Jingtai
County, both high-altitude regions within this area. This
unique geographical context creates distinctive ecologi-
cal environments. The majority of this area’s ecology falls
under the two subtypes of farmland type: afforestation
type and sandy river type. Grazing and forage harvesting
predominantly occur in mountain type, artificial forest
type, desert type, and low mountain meadow type. Due
to drought and the expansion of the yellow irrigation
area, extensive portions of mountains have been aban-
doned as high-quality pastures. Furthermore, while low
mountain meadow represents the most favorable pasture,
this ecological type is notably limited.

Usage of forage plants in the region

Forage plants utilized by local residents in this region
can be categorized into three types based on their uses:
single-use (exclusively for forage), dual-use (both medici-
nal and edible), and auxiliary materials (employed in tool
production). The edible category is the most predomi-
nant, further subdivided into broad-spectrum forage
suitable for all domestic animals, forage specific to rumi-
nant animals primarily for horses, cattle, and sheep, and
specialized forage like Ranunculaceae plants of the Clem-
atis genus used exclusively for sheep. Some forage plants,
such as Peganum harmala L., require frost-induced dor-
mancy before they can be used as forage.
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Fig. 4 Different ecological types of pastures. A Farmland-based Pasture; B Desert Pasture; C Dry Riverbed Pasture; D Mountainous Pasture

Medicinal usage of forage plants includes species such
as Rheum rhabarbarum L. and Rumex acetosa L. from
the Polygonaceae family, which are mainly employed
for treating animal ailments. Cannabis sativa L. seed oil
is also commonly used as an animal remedy for grass
knot. Additionally, certain forage plants, such as Taraxa-
cum mongolicumm Hand-Mazz., Artemisia annua L., B.
vivipara (L.) Delarbre, and Lilium pumilum Redouté,
are traditional herbal medicines frequently used by local
residents.

Auxiliary forage plants encompass Timouria (utilized in
crafting baskets, brooms, etc.) (Fig. 5A), Agropyron, Ley-
mus, and Psammochloa (with roots used in making grass
ropes), as well as Caragana plants of the Fabaceae family
(strips employed in weaving baskets, etc.) (Fig. 5B).

In the region, out of the 116 identified wild forage plants,
the majority are herbaceous, with 83 being perennial herbs,
accounting for 71.55% of the total. Annual herbs are fewer
than perennials, with 20 species making up 17.24% of the
total. Shrubs comprise 9 species, accounting for 7.76%,
while trees contribute only 4 species, amounting to 3.45%.
Distinguishing between cultivated and wild trees proves
challenging. In terms of utilized parts, perennial herbs

mainly consist of above-ground parts, with roots playing a
minor role. Annual herbs are mostly used in their entirety,
while shrubs and trees are predominantly harvested for
leaves, young stems, and branches. Trees, especially, pro-
vide a crop of fallen leaves in autumn. However, it is strictly
prohibited to gnaw on bark in this area.

In terms of dietary preferences, larger animals like sheep
enjoy a wide variety of forage options and can adapt to
nearly any plant suitable for forage. Conversely, smaller
animals like pigs and poultry have significantly narrower
choices. Besides a few types of fresh forage, which can
serve as supplements, most wild forage plants are dried and
crushed for feed. Fresh forage typically includes plants with
succulent leaves, tender stems, and juicy content, along
with certain plant seedlings. The former category com-
prises mainly Asteraceae plants like I polycephala Cass.,
L. tatarica (L.) C.A.Mey., T. mongolicum Hand-Mazz., etc.,
while the latter includes Avena fatua L., Plantago asiatica
L., Medicago sativa L., etc.

In essence, wild forage plants in this region primarily
serve for natural grazing of animals. Cutting and collect-
ing primarily cater to large labor-providing animals such as
horses, donkeys, mules, and cattle to offer supplementary
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Fig. 5 Baskets and backpack made of Achnatherum splendens (Trin.) Nevs
(used for harvesting wild forage in the field)

forage at night during summer and autumn. Another col-
lection practice is observed during field weeding, where
local residents identify wild plants suitable for forage. Ten-
der and juicy ones (like I polycephala Cass., L. tatarica
(L) C. A. Mey.,, T. mongolicum Hand-Mazz., etc.) are typi-
cally chopped and mixed with bran to feed pigs (some-
times directly) or chickens. Other forages are also used as
supplementary feed for large animals at night. Generally,
there’s limited large-scale collection of forage for winter
hay storage.

Quantitative evaluation of local residents’ use of wild
forage plants
We conducted a quantitative analysis of the utilization of
wild forage plants by local residents, focusing on uniform-
ity, richness, and similarity of the medicinal information
gathered from ten surveyed villages (Table 3). The Simp-
son Index for medicinal information ranged from 0.0161 to
0.0251 (Fig. 6A), while the Shannon Wiener Index ranged
between 3.7792 and 4.1815 (Fig. 6B).

Among the surveyed villages, Village 1, known as "Snow
Mountain," exhibited the lowest Simpson Index and the

Page 16 of 25
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ki stems. A Basket (used for feeding animals with forage); B Backpack

highest Shannon Wiener Index. This indicates that the
information provided by this village was widely dispersed,
with low concentration and uniformity. This observa-
tion aligns with our fieldwork, revealing a diverse range
of ecological types and abundant plant resources. In con-
trast, Village 10 (Ningxia) displayed the lowest Shannon
Wiener Index and the highest Simpson Index, suggesting
concentrated information with minimal variation among
providers. It is worth noting that the economic contribu-
tion from animal husbandry in this village was relatively
modest. Moving forward, we delved into the correlation
of information obtained from different villages based on
the 73 species of forage plants provided by local residents
(Fig. 6C) (Table 4). The Sorenson Index values ranged from
0.81 to 1.00. Broadly speaking, the information acquired
from all ten villages exhibited a notable level of consistency.
This coherence likely stems from the interplay between
plant resource distribution and population migration pat-
terns within the region. We conducted an extensive survey
of all 73 species of forage plants in both Villages 1 and 2,
which demonstrated the highest degree of similarity. These
villages are in close proximity, sharing a highly similar

Table 3 Analysis of evenness and richness in different villages' survey information

Village 1 2 3 4 5 6 7 8 9 10 Total
Simpson Index (D) 0.0161 0.0165 00183 00194 00220 00213 00231 00240 00229 00251 0.0187
Shannon Wiener Index (H') 4.1815 4.1630 4.0681 4.0120 3.8880 3.8365 3.8585 3.7925 3.8579 3.7792 4.0911
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Fig. 6 Analysis of Information from Different Villages. A Evaluating the Uniformity of Forage Plant Information Obtained from Different Village
Surveys Using the Simpson Index. B Determining the Richness of Medicinal Plant Information Obtained from Different Village Surveys Using
Shannon Wiener Index. C Similarity of Medicinal Plant Information Obtained from Different Village Surveys Using Sorenson Index

ecological environment. Despite minor distinctions in
ecological subtypes, they both present a remarkable con-
vergence in the species composition. In stark contrast, the
disparity between Villages 1, 2, and Village 8 was most pro-
nounced. Village 8 is geographically distant from Villages 1
and 2 and, more significantly, exhibits marked differences
in ecological types. It is worth noting that our similarity
analysis was based on local plant names provided by the
residents. Should we employ specific plant species names
(totaling 116 species), the dissimilarities between villages
would likely be even more pronounced.

These findings underscore that geographical distance
and ecological variation play pivotal roles in accounting
for inconsistencies in information provided across differ-
ent villages.

Assessment of local residents’ perception of wild forages

Based on the information provided by the report-
ers, it is evident that there are notable discrepancies in
their assessments of the value (importance) of different
wild forages. Consequently, we undertook a quantified
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Table 4 Evaluation of similarity in survey information among different villages

Village 1 2 3 4 5 6 7 8 9 10

1 1.00 1.00 0.96 0.92 0.89 0.85 0.83 0.81 0.87 0.84
2 1.00 0.96 092 0.89 0.85 0.83 0.81 0.87 0.84
3 1.00 0.97 0.93 0.89 0.87 0.89 0.83 0.88
4 1.00 0.97 0.92 0.90 0.86 0.92 0.89
5 1.00 0.94 0.94 092 092 0.89
6 1.00 0.96 0.94 091 0.92
7 1.00 0.96 0.94 0.95
8 1.00 0.92 0.95
9 1.00 0.94
10 1.00

evaluation of the significance attributed to 73 species of
wild forage plants (classified by local names). This was
followed by an assessment of local residents’ adaptabil-
ity to their environment using the Utilization Frequency
(HUF), and an evaluation of the importance of wild for-
age plants in daily life utilizing the National Cultural Sig-
nificance Index (NCSI).

The Utilization Frequency (HUF) was notably low at
0.06, with Lycoris squamigera Maxim. exhibiting the low-
est value, closely followed by Thereianthus spicatus (L.)
G.J.Lewis and Bupleurum hamiltonii N.P.Balakr. These
plants primarily serve as wild vegetables and medicines
in the lives of local residents. It is worth noting that
most local residents perceive their use as forage to be an
underutilization of these resources. Nine plants obtained
a HUF value of 1, indicating unanimous recognition
among information providers regarding their pivotal role
in the local animal husbandry process. This suggests a
comprehensive understanding of these plants among the
residents (Table 5).

The normalized data from Table 5 are represented in
Fig. 7, illustrating the comparative results of the National
Cultural Significance Index (NCSI) for wild forage plants
in the region. The color transition from blue to red
indicates increasing values of the corresponding ordi-
nate. Within the top-tier of importance (NCSI>1000),
13 plants stood out, all of which are characterized as
high-quality forages. Notable representatives include
Poaceae Bing Cao (encompassing Agropyron cristatum
(L.) Gaertn., Leymus secalinus (Georgi) Tzvelev, Elymus
dahuricus Turcz. ex Griseb., Psammochloa villosa (Trin.)
Bor, etc.), Suo Cao (Stipa plants), Asteraceae’s Ku Cai (L.
polycephala Cass., L. tatarica (L.) C.A.Mey., Solanum
nigrum L., etc.), Gu Youzi (Setaria viridis (L.) PBeauv.),
Yan Mai (A. fatua L.), and Fabaceae Niao zi (Astragalus
plants). Strikingly, the top four plants in the actual rank-
ing all belong to the Asteraceae. Although their forage

use in this area may not be as prominent as Gramineae
plants, we observed that these Compositae plants were
also the subjects of studies on edible and medicinal plants
in this region. This underscores their pivotal role in the
lives of local residents, substantiating their higher rank-
ing. In the second tier of significance (1000 > NCSI>500),
there were 12 plants, which are relatively common in this
area and serve as prevalent wild forage plants. However,
their nutritional value is lower than that of the plants in
the first tier. The third tier (500 > NCSI>100) comprised
19 plants, which were characterized by relatively limited
resources and distribution, and may have specific restric-
tions regarding applicable seasons and animal groups.
Lastly, the fourth tier (100>NCSI) encompassed 29
plants that played a supplementary role as forage plants.
These plants had lower resource distribution and nutri-
tional value and were primarily utilized as supplementary
forage in instances of forage scarcity during dry or winter
seasons.

Social and economic impacts

We surveyed families engaged in Lycium, Zea and breed-
ing farms in the region to understand the situation of pig,
chicken and sheep breeding and sheep herding. Although
we did not obtain accurate economic benefit informa-
tion, most information reporters believed that grazing-
type breeding was the agricultural industry with the
lowest input cost, highest income and lowest risk in this
region. In addition, Jingyuan lamb and Dongwan don-
key meat are very famous brand products in this region
(Fig. 8). Jingyuan lamb is a national geographical indica-
tion product of China (Jingyuan County Government’s
slogan: Famous for three thousand miles in Northwest
China, attracting guests from all over the world) [34],
which played a very important role in promoting the eco-
nomic development of this region.
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Table 5 Quantitative evaluation index of forage plants in the study area

Local name FQl Al FUI PUI MFI NVI DSI NFSI HUF
Ma Ku Cai 80 4 5 5 3 3 5 3600 1.00
Tian Ku Cai 80 4 5 5 3 3 5 3600 1.00
Hua Ku Cai 67 4 5 4 3 3 5 2412 0.84
Huang Huang Cai 80 4 5 4 3 3 5 2880 1.00
Bing Cao 80 4 5 5 2 3 5 2400 1.00
Gu You Zi 80 4 5 5 2 3 5 2400 1.00
Che Qing Cao 67 4 4 5 2 3 5 1608 0.84
HuiTiao 80 4 5 4 2 2 5 1280 1.00
Leng Hao Zi 74 4 5 4 2 2 5 1184 093
XiJi 78 3 5 4 3 2 5 1404 0.98
NiaoZi 44 4 5 5 2 3 5 1320 0.55
Xiao Ku Cai 71 3 5 4 2 3 5 1278 0.89
Yan Mai 78 4 5 5 1 3 5 1170 0.98
Shui Peng 76 4 4 4 2 2 5 973 0.95
Sha Cao 80 4 5 4 1 3 5 960 1.00
Ci Jia Gai 76 3 5 4 2 2 5 912 0.95
Mu Xu 36 4 5 4 2 3 5 864 045
Gou Qi 58 4 4 3 2 3 5 835 0.73
Yang Nai Zi 67 2 5 4 2 3 5 804 0.84
Hao Cai 80 4 5 4 2 1 5 640 1.00
Huang Hao 32 4 5 4 3 2 5 768 040
Xing Shu 34 4 5 3 3 2 5 612 043
Sha Cong 31 4 4 4 2 3 5 595 0.39
Men Dong 31 4 4 4 2 3 5 595 0.39
Yang Liao Zi 56 3 4 4 2 2 5 538 0.70
Ku Zi Man 65 4 4 4 1 2 5 416 0.81
Xiao Bing Cao 55 3 5 4 1 3 5 495 0.69
CiPeng 65 4 4 4 1 2 5 416 0.81
Xiao Bing Cao 62 2 5 4 1 3 5 372 0.78
Dao Sheng 59 2 5 4 1 3 5 354 0.74
Mian Peng 59 3 5 4 1 2 5 354 0.74
Tie Liang Liang 49 2 4 4 2 2 5 314 0.61
Ye Ju Hua 69 3 5 4 1 2 3 248 0.86
Er Lie Wei Ling Cai 42 3 3 4 1 3 5 227 053
Liang Wei Ba Cao 35 2 5 4 1 3 5 210 044
Xiang Ying 28 3 3 4 2 2 5 202 0.35
Lao Tang Mao 33 4 3 4 1 2 5 158 041
E Shui Guang Guang 43 2 3 4 1 3 5 155 0.54
Ye Hui Tiao 51 3 5 4 1 1 5 153 0.64
Yu Shu Ye Zi 66 3 2 3 1 2 5 119 0.83
Da Ci Jia Gai 19 3 5 4 1 2 5 114 0.24
Ning Tiao Zi 31 3 4 3 2 1 5 112 0.39
Zhu Ya Liao 16 2 4 4 2 2 5 102 0.20
Jue Ma 14 2 3 4 2 3 5 101 0.18
Sha i 27 2 2 3 3 2 5 97 0.34
Zhu Ma Zhuang 80 3 5 4 1 1 2 96 1.00
Ye Jiu Cai 5 4 4 4 2 3 5 96 0.06
Tie Shao Zhou 23 2 3 4 3 1 5 83 0.29
Sha Shen 6 2 3 4 3 3 5 65 0.08
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Table 5 (continued)

Local name FQI Al FUI PUI MFI NVI DSI NFSI HUF
Ma Gan Zi 40 2 2 4 2 1 5 64 0.50

Gan Cao 17 3 4 3 2 1 5 61 0.21

Fan Zhi Xian 25 2 3 4 1 2 5 60 0.31

Shao Gua 34 1 2 4 2 2 5 54 043

Huai Shu 14 2 2 3 2 3 5 50 0.18

Tian Lan Mu Xu 14 2 3 4 1 3 5 50 0.18

Ye Mu Xu 14 3 3 4 1 2 5 50 0.18

Ji Guan Hua 26 3 3 4 1 1 5 47 0.33

Sandandan 26 1 1 4 3 3 5 47 033

Hei Gou Qi 12 2 2 3 2 3 5 43 0.15

Ku Hao 35 2 5 4 1 1 3 42 0.44
Luo Tuo Peng 39 4 3 4 1 1 2 37 049

Li 27 2 3 4 1 1 5 32 0.34
Bai Ci 26 2 4 3 1 1 5 31 033

Lu Wei 8 1 4 4 2 2 5 26 0.10

Sui Ku Zi Man 15 2 2 4 1 2 5 24 0.19

Ma Ya Ci 20 3 2 4 1 1 5 24 0.25

Xiao Chai Hu 7 1 2 5 2 3 5 21 0.09

Xing An Hu Zhi Zi 14 2 3 4 1 1 5 17 0.18

Da Huang 19 1 2 3 2 1 5 Il 0.24
Mao Ci 8 2 3 3 1 1 5 7 0.10

Ye Da Huang 8 1 2 3 2 1 5 5 0.10

Ye Xi Hong Shi 5 2 2 4 1 1 5 4 0.06

Sha Zhao Shu 3 1 1 4 2 2 5 2 0.04
Discussion include Poaceae, Fabaceae, Asteraceae, Lamiaceae, and

The junction area of Gansu-Ningxia—Inner Mongolia
is characterized by a dry and rainless climate, with tra-
ditional agriculture facing significant challenges due to
limited precipitation, especially in areas not directly ben-
efiting from the Yellow River. This has led to a historical
reliance on natural rainfall, resulting in a more traditional
and less advanced agricultural system in this region [35].
Animal power has played a crucial role in this agricultural
system, with large animals being essential for production.
While their role in labor has decreased with economic
development and government-led initiatives, animal hus-
bandry remains a significant aspect of the local economy.
This is evident in the increasing prominence of animals
like donkeys and cattle as meat sources, alongside con-
ventional livestock like sheep and pigs. Among these,
sheep herding stands out as a vital source of income for
local farmers, leading to a comprehensive utilization of
plant resources, despite the relatively low species diver-
sity and reserves in the region.

Characteristics of wild forage plant resources in the region
In terms of wild forage plant resources, our survey iden-
tified a total of 116 species in this region. Key families

Amaranthaceae. Within these families, certain species,
such as Ammophila, Leymus, Stipa, Neotrinia, Astra-
galus, Sonchus brachyotus DC., L. tatarica (L.) C.A.Mey.,
T. mongolicurm Hand-Mazz., Chenopodium album L., and
Chenopodium album L., were found to be particularly
widespread and adaptable for animal forage. Notably,
species from the Poaceae and Fabaceae families exhib-
ited marked drought resistance, making them crucial
resources for the local animal husbandry industry.
Moreover, we observed a significant presence of wild
M. sativa L., likely originating from escaped cultivated
M. sativa L. seeds. This plant assumes paramount impor-
tance in the diet of local residents. Additionally, Poaceae’s
Oryza sativa L. and Avena chinensis (Fisch. ex Roem. &
Schult.) Metzg., together with riticum aestivum L., Zea
mays L., Panicum miliaceum L., Fagopyrum esculentum
Moench, Pisum sativum L., and Lablab purpureus (L.)
Sweet, serve as principal winter animal feed for locals.
This prevalence is notably higher than in the southern
regions of China, which may underpin the elevated utili-
zation of wild plant resources in this area [36, 37].
Overall, these findings shed light on the intricate rela-
tionship between the local environment, agricultural
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Fig. 7 Quantitative evaluation of forage plants
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practices, and the utilization of wild forage plants in the
Gansu—Ningxia—Inner Mongolia junction area. They
underscore the importance of understanding and pre-
serving these resources for sustainable agricultural devel-
opment in the region.

Characteristics of wild forage plant resource utilization

in the region

The utilization of wild forage plants in the Gansu-
Ningxia—Inner Mongolia junction area exhibits distinct
patterns, influenced by the specific ecological and agri-
cultural conditions of the region. Poaceae plants are the
most extensively utilized forage resources in the region.
With the exception of drunken horse grass, which is
unsuitable for forage, all other Poaceae plants are used.
Species like E. dahuricus Turcz. ex Griseb., A. cristatum
(L.) Gaertn., and Stipa are particularly crucial for live-
stock farming throughout the year. Local residents have
specific names for morphologically similar plants within
the Leymus, Elymus, and Agropyron genera, referring to
them collectively as "Bing Cao" and needle grass genus
plants as “Suo Cao,” despite their lack of relation to true
sedge family plants. Additionally, A. inebrians (Hance)
Keng is highly valued for its stems, which are used in
broom-making, a significant local industry.

While the Asteraceae family has a high number of spe-
cies in the region, their utilization rate is comparatively
lower than that of Poaceae plants. There exists a distinct
two-level differentiation. Plants like S. brachyotus DC.,
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Fig. 8 Renowned Brand Products in the Multi-ethnic Inhabited Area at the Junction of Gansu, Ningxia, and Inner Mongolia. A Dongwan Donkey
Meat, a specialty snack in the Gansu-Ningxia—-Inner Mongolia region, known for its unique local flavor and traditional cooking techniques passed
down through generations, featuring the distinctive meat texture. B Jingyuan Lamb—Ultilizing lambs primarily produced from the high-quality
local breed of Tan sheep in the Gansu-Ningxia—-Inner Mongolia region, Jingyuan Lamb is a culinary creation combining traditional cooking

and processing techniques from Jingyuan, Gansu. It is renowned for its tender and succulent meat, not overly fatty, with a delicious and refreshing
taste. It has gained widespread popularity and is sold in major cities across the country

L. tatarica (L.) C.A.Mey., T. mongolicurn Hand-Mazz.,
Elaeagnus pungens Thunb., S. nigrum L., and Crepis rige-
scens Diels are considered to have high nutritional value
and are widely used in feeding various animals. How-
ever, certain Asteraceae plants, such as Artemisia carui-
folia Buch.-Ham. ex Roxb. and Inula salsoloides (Turcz.)
Ostenf., cannot be used for forage.

Fabaceae plants, particularly those of the Astragalus
genus, serve as important supplementary forage [38].
Their above-ground parts are close to the ground surface
and provide limited food resources for livestock. How-
ever, their primary value lies in their ability to offer abun-
dant root forage, especially in times of severe drought.
These Leguminosae plants are known for their drought
resistance and extensive distribution.

Local residents demonstrate a high degree of aware-
ness regarding poisonous plants, likely stemming from
their long-term experience. Certain plants from Ranun-
culaceae, Euphorbiaceae, and Poaceae families, such as A.
inebrians (Hance) Keng and Stellera chamaejasme L., are
strictly prohibited for use as forage. This reflects the com-
munity’s knowledge of potentially harmful plant species.
Some forage plants also serve dual purposes as herbal
medicines for preventing and treating animal ailments.
Examples include R. rhabarbarum L. [39], R. acetosa L.
[40], Bupleurum smithii H.Wolff [41] (known locally as B.
hamiltonii N.P.Balakr.), A. annua L. [42], which are used
for their medicinal properties.
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Overall, the utilization of wild forage plants in the
region is intricately tied to the specific needs of the local
agricultural practices and the ecological conditions of
the area. This comprehensive understanding of plant
resources demonstrates the deep knowledge and adapt-
ability of the local community.

Resource protection and ecology

The rural residents in this region show a very contradic-
tory attitude toward plant resources. On the one hand,
they cherish plant resources excessively, and on the other
hand, they destroy the natural ecology excessively. This is
mainly determined by its dry climate environment. The
scarcity of plant resources leads them to develop a value
of cherishing and highly utilizing them. The high utili-
zation also brings about serious damage to the ecologi-
cal environment, especially the damage caused by sheep
herding to the ecological environment is particularly
prominent in this region. The large-scale ecological H.
rhamnoides L. forest returned from farmland was eaten
up by sheep, and the tree species with scarce species and
quantity also became scarcer due to the death caused by
cattle, sheep, donkeys, mules and other large animals.
The neighborhood disputes caused by livestock gnawing
bark are also common.

To address this contradiction, the local government
has implemented an enclosure model in recent years.
Simultaneously, advancements in modern agriculture
and animal husbandry have led to a sharp reduction in
the number of large animals, contributing to a gradual
improvement in the ecological conditions of the region.
Since the 1980s and 1990s, the cultivation of a specialized
forage-alfalfa [43] have been introduced in the area. This
initiative has played a significant role in alleviating envi-
ronmental pressure. While many alfalfa fields have aged,
they continue to provide crucial support for local animal
husbandry. This concerted effort between government
policies, modern agricultural practices, and the introduc-
tion of specialized forages like alfalfa reflects a proactive
approach to balancing resource utilization and environ-
mental preservation in the region. It signifies a recogni-
tion of the delicate ecological balance and the necessity
to safeguard it for the long-term sustainability of the
community.

Conclusion

This study conducted a comprehensive survey and
research on the traditional knowledge of utilizing wild
forage plants in the border region of Gansu, Ningxia,
and Inner Mongolia. The findings reveal that local resi-
dents possess a rich traditional knowledge regarding the
use of wild forage plants. These plants serve not only
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as livestock feed but also play significant roles in folk
medicine and handicraft production. Based on a diverse
range of wild plant species, local residents have engaged
in a diversified farming industry, with sheep husbandry
being the predominant livestock sector. In both tradi-
tional and modern agriculture, animal husbandry holds
a crucial position and has a significant impact on the
local socio-economic development. However, with the
advancement of socio-economic conditions and environ-
mental changes, these traditional knowledge systems and
resources face risks of depletion and overexploitation.
Therefore, the preservation and transmission of local
residents’ traditional knowledge on wild forage plants
hold paramount importance. This endeavor contributes
to the safeguarding of ethnic cultural heritage, promo-
tion of sustainable development in animal husbandry,
and enhancement of the livelihoods and well-being of
local residents. Furthermore, this study provides crucial
references for understanding the fundamental aspects of
wild forage plant resources in this region, preserving the
traditional knowledge system regarding the utilization of
wild forage plants, and gaining insights into local indus-
trial development, plant resource utilization, ecological
conservation, and sustainable agricultural development.
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