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Abstract: The Tibetan Plateau is vital for animal husbandry in China, and relies heavily on its natural grasslands.
However, grassland degradation, increasing livestock numbers, and uneven grazing practices are exacerbating the
grass-livestock imbalance. Cultivated grasslands are a key strategy to address this issue. In this review, we evalu-
ate the current status, challenges, and suggestions for developing and managing Tibetan Plateau cultivated
grasslands. While discernible advancements have been made in the cultivated grasslands in this region, persistent
challenges exist. These challenges stem from issues like low awareness and enthusiasm among farmers and
herders, uneven cultivated grassland distribution, and limited scientific and technological contributions. Based on
these challenges, we propose strengthening the promotion of artificial forage, implementing a rationalized grass-
land layout, and improving the scientific and technological contributions to forage species selection, sowing, man-
agement, and storage. In summary, cultivated grasslands in the Tibetan Plateau offer promising prospects but still
face significant challenges. Overcoming these obstacles will require innovative approaches to unlock the full po-
tential of cultivated grasslands in this unique ecological niche.
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1 Introduction

The Tibetan Plateau, spanning approximately 2.57x10° km?,
is a unique eco-economic zone characterized by several re-
markable features. These include an average altitude of
nearly 4000 m, frigid temperatures, with most regions expe-
riencing annual mean temperatures below freezing, a sparse
human population, and heavy reliance on animal husbandry
(Shang et al. 2014; Ren et al., 2016; Luo et al., 2019). Ani-
mal husbandry plays a pivotal role in the Tibetan Plateau’s
economy and primarily relies on natural resources for live-
stock forage (Tachiiri et al., 2008; Fang et al., 2016; Wei et al.,
2017). Although alpine grasslands encompassing
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steppe and meadow dominate the Tibetan Plateau, covering
approximately two-thirds of its total area (Piao et al., 2006;
Li et al., 2018a), over 50% of these grasslands have experi-
enced degradation due to climate change and human activi-
ties (Huang et al., 2017; Liu et al., 2018; Zhuang et al., 2019;
Dong et al., 2020). Additionally, increasing livestock num-
bers and uneven grazing practices are exacerbating the
pressure on the Tibetan Plateau’s natural grasslands (Huang
et al., 2017), creating a pervasive imbalance in the grass-
land-livestock relationship. Therefore, the development of
cultivated grasslands has emerged as a crucial strategy to
solve the imbalance between grass and livestock (Niu and
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Jiang, 2004; Wu et al., 2010; Luescher et al., 2014).

Cultivated grasslands created through advanced cultiva-
tion techniques offer supplementary feed and high-quality
forage for animal husbandry, and they contribute to the pro-
tection and restoration of degraded natural grasslands (Wang
et al., 2013; Tang et al., 2014; Tian et al., 2017; Cui et al.,
2019). Cultivated grasslands are primarily located in de-
graded areas, and can effectively mitigate grassland deteri-
oration while enhancing land use efficiency (Hill et al., 2000;
Hu et al., 2019). They provide abundant and nutritious for-
age, reducing the pressure on natural grasslands and pro-
moting the coexistence of animal husbandry and ecological
preservation (Steenwerth et al., 2002; Kline et al., 2013; Liu
et al.,, 2017). Moreover, cultivated grasslands reduce wind
erosion and contribute to soil stabilization (Chen et al., 2017;
Chen et al., 2018; Chu et al., 2019; Hu et al., 2019). In
summary, cultivated grasslands are crucial for advancing the
economic development of grassland animal husbandry, pre-
serving grassland ecology, and maintaining national ecolog-
ical security (Hu et al., 2019).

Currently, the development of cultivated grasslands rep-
resents an effective strategy to alleviate grazing pressure on
natural grasslands, both domestically and internationally
(Wang et al., 2013; Cui et al., 2019). Countries such as Aus-
tralia, New Zealand, and various European nations have
embraced and enhanced the cultivation of grasslands, with
cultivated grasslands accounting for over 50% of the total
grassland area in some cases (Korn et al., 2005; Duan et al.,
2019). The intensive management of cultivated grasslands
has evolved into a low-cost, high-efficiency model for animal
husbandry (Ferguson, 1932; Korn et al., 2005; Duan et al.,
2019). However, cultivated grasslands account for only ap-
proximately 5% of the total grassland area in China, with an
even lower proportion found on the Tibetan Plateau (Tang
et al., 2014; Duan et al., 2019). The development of culti-
vated grasslands in China, and especially on the Tibetan
Plateau, faces multifaceted challenges (Tang et al., 2014;
Duan et al., 2019). These encompass ecological concerns,
such as soil erosion, water scarcity, and biodiversity loss, as
well as potential impacts on water resources and global cli-
mate patterns. The human dimension, including herder re-
settlement and land tenure rights, also requires attention to
prevent social instability. A sustainable approach combin-
ing ecological restoration, water resource management,
climate adaptation, and sound social policies is essential.
Robust scientific research and monitoring are crucial for
policy adjustments. The crux lies in achieving a balance
between environmental conservation, herder welfare, and
sustainable land use in this development scenario (Dong et al.,
2003; Zhu et al., 2010; Zhang et al., 2015). In this review,
we consolidate the findings from domestic and interna-
tional publications that address topics related to cultivated
grasslands, grazing-livestock systems, and sustainable
grazing management. We aim to address three key ques-

tions:

(1) What is the current status of cultivated grasslands on
the Tibetan Plateau?

(2) What are the challenges facing the development of
cultivated grasslands on the Tibetan Plateau?

(3) How can these challenges be effectively addressed to
promote sustainable grassland management in this unique
ecological context?

2 Current status and advantages in the
development of cultivated grassland on
the Tibetan Plateau

2.1 Current status in the development of cultivated
grassland

The research and development of cultivated grasslands be-
gan in the 1970s, but because of the cold climate, weak
technical support, and inadequate transportation, the devel-
opment of cultivated grassland in the Tibetan Plateau has
been relatively slow (Dong et al., 2003; Shang et al., 2014).
Through many years of effort and development, there is
some progress in the establishment of cultivated grasslands
around the Tibetan Plateau (Cao et al., 2019; Cheng, 2019;
Guan et al., 2019). In 2019, the total area of cultivated
grassland in Tibet has reached 10.5x10* ha, with perennial
forage grass and other perennial forages accounting for
more than 20%. The high-quality and high-yielding culti-
vated grassland exceeded 3.4x10* ha in Tibet. In Qinghai
Province, the total area of cultivated grassland has reached
2.1x10* hain 2011. Based on published research reports on
cultivated grasslands of the Tibetan Plateau, the cultivated
grasslands are mainly distributed in six regions around the
Tibetan Plateau: Northern Tibet, Nyingchi Prefecture, Re-
gion of Yushu and Guoluo, Region of Gansu and Sichuan,
Valley of Yellow and Huangshui River, and the Middle
reaches of the Yarlung Zangbo River (Dong et al., 2003;
Zhu et al., 2010; Zhang et al., 2015; Guan et al., 2019; Fig. 1).
Of these six artificial grassland distribution areas, Nyingchi
Prefecture and the valley of the Yellow and Huangshui Riv-
er are located at an altitude of less than 3100 m, the middle
area of the Yarlung Zangbo River, Region of Yushu and
Guoluo are located at an altitude of more than 4000 m, and
the Northern Tibet area is located at an altitude of more than
4500 m. Climatic factors have specific impacts on the
growth of herbage, including temperature fluctuations, short
growing seasons, and high-altitude conditions, all of which
challenge the development of grasslands.

The annual average temperatures of the six regions can
basically reach 0 C, while that of the region of Yushu and
Guoluo is the lowest, at -6—0 ‘C, and that of Nyingchi Pre-
fecture is the highest, at 5-17 °C, accompanied by high pre-
cipitation (600—-800 mm). The annual average precipitation
in the regions of Gansu and Sichuan can reach 400-800 mm,
but in the areas of Yushu and Guoluo and Hehuang Valley, it
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is less than 600 mm. The precipitation in the middle of the
Yarlung Zangbo River and Northern Tibet are less than 550
mm and 514 mm, respectively (Table 1).

The development of cultivated grassland not only de-
pends on a reasonable layout, but also the selection of ap-
propriate forage species according to the environmental
suitability of various species (Duan et al., 2019; Guan et al.
2019). Beyond that, the suitable forage grasses must have
the characteristics of high yield, strong regeneration capaci-

ty, rich nutrition, and especially cold resistance (Zhang et al.,
2015; Husse et al., 2016). Based on these characteristics,
some scholars have reported that Oat grass, a high-quality
gramineous forage, is suitable for planting in most alpine
regions of the Tibetan Plateau because of its strong cold
resistance (Cui et al., 2015). In addition, oat also has a high
grass yield, strong adaptability, and a soft grass quality, but
the only drawback is the low content of crude protein in oat
grass (Cui et al., 2015; Zhang et al., 2019).

T T T
&l
v
o -
z|
on -
Legend
- Northern Tibet
- |:| Nyingchi Prefecture A
Og i - Region of Yushu and Guoluo i
- Region of Gansu and Sichuan
- Valley of Yellow and Huangshui River
. . 0 290 km
- Middle reaches of Yarlung Zangbo River [I—
1 1 1
80°E 90°E 100°E
Fig. 1 The main distribution regions of cultivated grassland in the Tibetan Plateau
Table 1 Natural climatic conditions and the main forage-related characteristics of cultivated grassland regions
. Annual average Annual average . . . Growth period Cold Drought
Region temperature (‘C) precipitation (mm) Altitude (m)  Main forage varieties (d) resistance  resistance
oats
Northern Tibet 2.8--16 247-514 >4500 Elymus nutans 80-100 v v
Elymus siberian
Nyingchi Prefecture 5-17 600-800 1100-3100 Alfalfa 60 - -
Region of Yushu and Guoluo —6-0 150-600 4000-5000 ‘gy muus nutans 120-150 N -
oa pratensis
oats
Valley of Yellow and 3-8 200-600 1700-3000 Alfalfa 60 - -
Huangshui River .
Gramineous forage
oats
Region of Gansu and Sichuan 0-4 400-800 3000-4000 Leguminous forage 120 - -
Gramineous forage
Middle reaches of Yarlung 24-85 270-550 3500-4100 oats 62-75 - v
Zangbo River Vicia sativa

“«_»

Note: “v” indicates the presence of this feature;

After continuous cultivation and optimization, most areas
of the Tibetan Plateau have chosen their relatively suitable
pastures. Oats, Elymus nutans and Elymus siberian are the
main forage species in the cultivated grasslands of northern
Tibet. They have certain drought resistance and cold re-

indicates the absence of this feature, or no literature report is available.

sistance, so they can adapt to the growth environment of
northern Tibet. The growth periods of these forages are
generally 80-100 days. The environment of Nyingchi pre-
fecture is suitable to meet the growth conditions of most
forages, and the main forage species is alfalfa, which has a
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growth period of about 60 days. Elymus nutans and Poa
pratensis are main forage varieties in the region of Yushu
and Guoluo, which have growth periods of 120-150 days
and better cold resistance. The main forage varieties in the
valley of Yellow and Huangshui River are oats and Alfalfa
with growth periods of 60 days. The main forage varieties in
the region of Gansu and Sichuan are oats, Leguminous for-
age and Gramineous forage with growth periods of 120 days.
In addition, the main forage varieties in the middle of the
Yarlung Zangbo River are oats and Vicia sativa with growth
periods of 62—75 days.

At present, the cultivated grassland in the Tibetan Plateau
is mainly distributed in the areas with an altitude of less
than 4300 m. This distribution is largely influenced by fac-
tors such as soil nutrient availability and climatic conditions.
However, recent research shows that a kind of oat can grow
in the Tibetan Plateau area at an altitude of more than 4600
m, because of its cold resistance, fast growth and mid-late
maturation. The success of artificial grass planting in the
Tibetan Plateau at 4600 m above sea level has filled the gap
in the local high-yield cultivation techniques for
high-altitude forage grasses at altitudes above 4300 m. This
is of great significance for the development of cultivated
grassland in the Tibetan Plateau. In addition, the increase in
economic demand led to an increase in grazing on the Ti-
betan Plateau, but the natural grassland cannot meet the
needs of the growing of animal husbandry industry, and this
situation has led to a more serious imbalance of
grass-livestock (Dong et al., 2003; Shang et al., 2014; Pang
et al., 2016). Hence there is a great need for the develop-
ment of cultivated grasslands in the Tibetan Plateau.

2.2 Advantages of cultivated grassland development
on the Tibetan Plateau

Animal husbandry is not only a traditional industry, but also
an important pillar industry for the economic development
of the pastoral area on the Tibetan Plateau (Shang et al.,
2014). The development of the animal husbandry economy
not only affects the production and living standards of the
herdsmen, but it also affects China’s sustainable develop-
ment and ecological environmental protection of the Tibetan
Plateau (Shang et al., 2014; Guo and Zhang, 2015). Alt-
hough the development of cultivated grassland in the Tibet-
an Plateau started late, the speed of its development has
been relatively slow compared with some developed coun-
tries, but the development of cultivated grassland on the
Tibetan Plateau has certain advantages, such as the natural
conditions, policy support, and other factors.

2.2.1 The natural condition of the cultivated grassland
For the development of cultivated grassland, the Tibetan
Plateau has abundant natural grassland resources. In the
total area of the Tibetan Plateau, grassland accounts for 64%,
cultivated land accounts for 0.36%, forest land accounts for
5.65%, and hard-to-use land accounts for 30%. The per cap-

ita grassland area in the Tibetan Plateau is 40 times the na-
tional average and 17.8 times the world average (Duan et al.,
2019; Dong et al., 2020).

Grassland animal husbandry has a long history in the Ti-
betan Plateau, and it is currently the most important eco-
nomic component (Wu et al., 2003; He, 2007). Animal hus-
bandry is the main sector of the agricultural structure in the
Tibetan Plateau, which is mainly distributed in the western
and northern parts of the Tibetan Plateau (Wu et al., 2003).
The farming areas of the Tibetan Plateau also have animal
husbandry grassland. The alpine grassland of the Tibetan
Plateau has little pollution from pesticides and fertilizers, so
its livestock products can be called ecological or green
products, which makes them unique and gives them strong
market competitiveness (Wu et al., 2003; He, 2007). Hence
the development of cultivated grassland has a great demand
foundation and a natural resource foundation.

2.2.2 Certain policies and scientific research support

for the development of cultivated grassland

The construction of cultivated grassland in the Tibetan Plat-
eau began in the 1950s. At that time, to solve the imbalance
between forage and animal grazing, Qinghai’s state-owned
farms began to introduce fine pastures. Beyond that, in re-
sponse to the serious ecological and environmental prob-
lems caused by the expansion of the degraded grassland in
the source area of the Three Rivers, the Qinghai Provincial
Government and relevant national departments have initiat-
ed projects to implement the “Grassland Retreat Project in
Natural Grasslands of Qinghai Province”, “Grass in Barren
Mountains”, “natural grassland protection” and other engi-
neering projects (Wan, 2002).

The Tibet Autonomous Region has also carried out re-
search and extension work on the construction of cultivated
grasslands since the 1960s. Units such as the Tibet Autono-
mous Region Animal Husbandry Bureau, Animal Science
Research Institute, Grassland Research Institute of Chinese
Academy of Agricultural Sciences, Gansu Agricultural
University and others have successively carried out scien-
tific research on forage introduction and cultivation. Based
on this long-term research, we have accumulated a wealth of
information and experience in the construction of cultivated
grassland in the Tibetan Plateau. Furthermore, to accelerate
the healthy and rapid development of cultivated grassland,
the government has increased its investment in the construc-
tion and development of cultivated grassland in the Tibetan
Plateau in recent years.

3 Challenges facing the development of
cultivated grasslands

In the last decade, cultivated grassland in the Tibetan Plat-
eau has shown rapid development thanks to government
support (Shang et al., 2014). The area and quality of culti-
vated grassland have improved to different degrees (Huang
et al., 2017; Li et al., 2018b; Hu et al., 2019), but there are
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still some problems in the development process of cultivated
grassland in the Tibetan Plateau (Wang et al., 2013; Shang
et al., 2014; Dong et al., 2015). These problems restrict the
further development of cultivated grassland and the local
economy (Liu et al., 2003). Problems in the management of
cultivated grasslands have arisen due to various factors,
such as low awareness and enthusiasm of farmers and
herdsmen, irrational distribution, and the relatively low con-
tribution rate of science and technology.

3.1 Low awareness and enthusiasm of farmers and
herdsmen for establishing cultivated grassland

Due to the influence of traditional ideas, the enthusiasm for
establishing cultivated grassland among farmers and herds-
men is not high. Some scholars have found that the area of
cultivated grassland planted by local farmers and herdsmen
in the Tibetan Plateau is very small (Cui et al., 2015; Cheng,
2019). In general, farmers and herdsmen mainly use the cir-
cular land and leisure cultivated land for cultivating grassland,
so those plots of land have a small area, lack water and ferti-
lizer supplies, and it is difficult to achieve the needed scale of
the yield and area of cultivated grassland (Cheng, 2019).
Hence, improving the enthusiasm for using cultivated
grassland among the famers and herdsmen is crucial for
establishing cultivated grassland in the Tibetan Plateau.

3.2 The irrational distribution of cultivated grassland

The selection of specific cultivated grassland areas must be
consistent with the biological characteristics of the forage
grasses grown, and the fertility of the soil must be at a me-
dium level, otherwise obtaining high yields will be difficult
(Cui et al., 2015; Duan et al., 2019). Due to limitations of
the geographical environment, the potential area for culti-
vated grassland in the Tibetan Plateau is limited (Duan et al.,
2019). The agricultural areas with low altitude and good
water and heat conditions are the key areas for the devel-
opment of cultivated grassland (Guo et al., 2019). For ex-
ample, due to the relatively low altitude, good water and
heat conditions, and the rich land resources, the agricultural
areas in the Middle area of the Yarlung Zangbo River in
Tibet are more suitable for the cultivation of cultivated
grassland (Li et al., 2007; Guo et al., 2019). However, be-
cause of the food security demand in agricultural areas,
those land resources have been mainly cultivated land for a
long time, and the construction of cultivated grassland has
not received enough attention. As a result, the competition
for land between food and grass has existed for a long time,
and the maximum benefit of grassland in agricultural areas
has not been fully exploited (Li et al., 2007; Duan et al.,
2019). Given the spatial elasticity differences in the supply
and demand of grassland ecosystem services in different
regions, the service utility of the ecosystem can be maxim-
ized only by adjusting the supply and demand difference
according to local conditions (Li et al., 2007). Therefore, de-

termining how to arrange the cultivated grassland reasonably
and effectively is one of the major problems in the develop-
ment of the cultivated grassland in the Tibetan Plateau.

3.3 The lower contribution rate of science and
technology for cultivated grassland

In the developed countries that have an accelerated devel-
opment of cultivated grassland, the contribution rate of sci-
ence and technology in the forage industry is more than
70%, but it is less than 30% in China, and the contribution
rate in the Tibetan Plateau is even lower (Liu, 2015; Duan
et al., 2019). In the early years, incorporating the necessary
forage species basically depended on external introduction
with a high cost and strong restrictions, which hindered the
healthy and fast development of cultivated grassland in the
Tibetan Plateau (Cui et al., 2015; Liu, 2015; Duan et al.,
2019). Thus, numerous experimental studies have investi-
gated the introduction, cultivation and production perfor-
mance of forage in the Tibetan Plateau, which mainly involve
explorations of the drought resistance, cold resistance, salt
tolerance, and physiological characteristics of forage varieties,
and other factors (Nimazaxi et al., 2011; Duan et al., 2019).
However, most of these experiments are still in the introduc-
tion and cultivation stage, without large-scale planting and
breeding efforts after the selection of the introduced varieties,
and studies on the long-term regional suitability and produc-
tion research on quantity and quality are also rare (Cui et al.,
2015; Liu, 2015; Duan et al., 2019). Beyond that, the intro-
duction of new varieties without standardized regional test-
ing may cause the invasion of alien species and endanger
the ecological environment of the Tibetan Plateau (Mcgeoch
et al., 2010; Liu, 2015). Fortunately, under the continuous
introduction and selection of the forage species, there are
some forage grasses suitable for planting in areas below
4000 m altitude in the Tibetan Plateau, such as Avena sativa
L., Vicia sativa L., Medicago sativa L., Elymus sibiricus L.,
Festuca arundinacea Schreb, and others (Cui et al., 2015;
Zhang et al., 2015). However, the altitudes of most areas
around Tibetan Plateau are higher than 4000 m, and the re-
search results of forage suitable for such high altitude areas
are almost non-existent (Nimazaxi et al., 2011; Cui et al.,
2015). In addition, there is no artificial cultivation of the
excellent local forage varieties in the Tibetan Plateau.

In addition to the cultivation of excellent forage, ad-
vanced planting technology is also of great significance for
the development of cultivated grassland (Duan et al., 2019;
Zhu et al., 2020). As early as 20 years ago, some researchers
began to conduct studies on the planting mode of cultivated
grassland in the Tibetan Plateau (Dong et al.,, 2002).
Through many years of research, various scholars have
summarized the advantages of the mixed planting mode,
such as enriching biodiversity, improving the micro growth
environment of perennial grasses by improving the accu-
mulated temperature and average temperature of different
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soil layers in the growing season of the grass, improving the
conversion rate of light energy and increasing the biomass
of the grassland (Dong et al., 2002; Lai et al., 2020; Zhu et al.,
2020). For instance, the final output of Avena sativa L. and
Arrowhead peas mixed in proportion increased by nearly
30% (Zhu et al., 2020). However, many principles need to
be considered when different plants are to be mixed, such as
whether the introduced plants will destroy the ecological
stability of the alpine region, the consistency of biological
characteristics such as the color, height and growth speed of
the mixed varieties, the final output of the grass, the pro-
portion of mixed planting, and others (Zhang et al., 2011;
Lai et al., 2020). At present, the technology of forage mixed
planting is not mature enough, so most of the cultivated
grasslands in the Tibetan Plateau are still single species. In
addition to mixed planting, there is also the multiple plant-
ing method which mainly occurs in low altitude areas, and
this important planting method can greatly improve the effi-
ciency of land use and increase the yield of artificial grass
(Duan et al., 2019). For example, the annual harvest time of
Avena sativa L. is in mid-August, and the nearly 2 months
from mid-August to mid-October of the growing season are
wasted in the lower latitude regions of the Tibetan Plateau.
Meanwhile, the climatic conditions are sufficient, so it is
more suitable for forage growth. If Avena sativa L. is re-
planted at this time, a higher forage yield can be obtained
(Liu, 2015; Duan et al., 2019). Therefore, the cultivation
timing of cultivated grasslands at different altitudes should
also be adjusted to the local conditions.

Forage processing, which is the production process of
changing fresh grass into hay, silage or semi hay, is an im-
portant part of the development of cultivated grassland
(Zhang et al., 2006). The processing of forage can improve
the storage and utilization rate, which is convenient for
transportation and feeding and plays an important role in the
annual feed balance (Zhang et al., 2006; Duan et al., 2019).
Many developed countries have huge forage processing
systems, but there are no mature and advanced forage pro-
cessing enterprises in Tibetan Plateau (Zhang et al., 2006;
Cui et al., 2015). As a result, the forage production and pro-
cessing rate in Tibet is very low. More than 85% of forage
production depends on natural air drying, resulting in seri-
ous nutrient losses (Cui et al., 2015). At present, there are
only five (one state-owned) forage processing enterprises in
Tibet, with a small processing capacity and scale. The lag of
industrialization of the grass industry seriously restricts the
sustainable development of the grass industry in the Tibetan
Plateau.

4 Recommended measures for the
development of cultivated grassland
in the Tibetan Plateau

According to the current development status, the existing
problems and natural policy basis of cultivated grassland in
the Tibetan Plateau, and combined with previous studies on
cultivated grassland of Tibetan Plateau, some suggestions for
the development of cultivated grassland in the Tibetan Plateau
are presented as a development thinking map in Fig. 2.

Strengthen the propaganda of artificial forage and actively eliminate the
misunderstanding of farmers and herdsmen
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Forage species
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Fig. 2 Idea map for the development of cultivated grassland on the Tibet Plateau
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4.1 Strengthen the propaganda for artificial forage
and actively eliminate the misunderstanding
among farmers and herdsmen

Firstly, the farmers and herdsmen should understand the
importance of the construction of cultivated grassland in the
development of animal husbandry, so their enthusiasm for
developing cultivated grassland should be cultivated. Sec-
ondly, because of the lower cultural level of farmers and
herdsmen in the Tibetan Plateau, some techniques and
means for managing cultivated grassland are difficult for
them to understand, so scientific and systematic training
must be carried out to select leaders with a high level of
professional proficiency (Duojidunzhu, 2016). Furthermore,
the village officials of college students majoring in agricul-
ture and animal husbandry should be invited to participate
in the management and operation of the cooperatives.

In addition, we must not only train farmers and herdsmen
in high-yield planting techniques, but also pay attention to
training in forage product processing and marketing. By
cultivating these various grassland talents, we must quickly
establish a set of technology, information, and circulation
aspects for the whole grass industry to promote the circula-
tion of forage products in the market. This system will allow
farmers to sell grass in the market, and farmers will have
places to buy grass, which will promote the harmonious and
rapid development of the livestock industry.

4.2 Scientific and reasonable arrangement of the
cultivated grassland layout

The soil, as the fundamental substrate for grass growth,
plays a pivotal role in determining the quality and yield of
cultivated grasslands in the Tibetan Plateau, where the frag-
ile ecosystem demands careful management (Duojidunzhu,
2016). It is widely acknowledged that the Tibetan Plateau
boasts unique environmental conditions, characterized by
high altitudes, cold temperatures, and challenging terrain.
These factors necessitate a scientific and well-thought-out
approach to the layout and distribution of cultivated grass-
lands to ensure sustainable and healthy development (Wu
et al., 2010; Shang et al., 2014; Duan et al., 2019).

Soil is the material basis of grass growth, so better soil
can produce good grass and a high grass yield. The sustain-
able and healthy development of cultivated grassland is in-
separable from the scientific and reasonable distribution of
cultivated grassland. The environment for forage grass
growth needs to meet the certain hydrothermal conditions
(Lin et al., 2016; Geng et al., 2017). Due to the geographical
conditions of the Tibetan Plateau, the productivity of grass-
lands is limited in most areas, and the potentially suitable
areas for the development of cultivated grasslands are also
very limited (Hill et al., 2000; Duan et al., 2019). In addition,
the distribution of cultivated grassland on the Tibetan Plat-

eau should not only meet the biological characteristics of
forage grass, but also allow for convenient transportation
and management by the residents (Wu et al., 2010; Shang
et al., 2014; Duan et al., 2019).

Moreover, a critical element of the strategy for cultivated
grasslands is the approach to reclaiming areas from natural
grasslands (Lin et al., 2016; Geng et al., 2017). It is essential
to adopt a nuanced perspective, recognizing that not all nat-
ural grasslands are in the same state of degradation. For
instance, lightly degraded grasslands should not be de-
stroyed indiscriminately; instead, they should be improved
using appropriate methods (Wu et al., 2010; Shang et al.,
2014; Duan et al., 2019). This approach ensures that we
balance the preservation of existing ecosystems with the
expansion of cultivated grasslands, thereby promoting over-
all sustainability.

In conclusion, the scientific and reasonable arrangement
of cultivated grassland layouts in the Tibetan Plateau is a
multifaceted challenge that involves considerations of soil
quality, hydrothermal conditions, geographic limitations,
transportation and management needs, and the judicious
reclamation of natural grasslands. This holistic approach is
crucial for the sustainable and healthy development of cul-
tivated grasslands in this unique and ecologically sensitive
region.

4.3 TImproving the contributions of science and
technology to forage species selection, sowing
and management, and storage

The cultivation of forage varieties should follow certain
principles. For instance, adapting to the climatic conditions
of the planting land and improving the stability of the
grassland community are necessary. The decisions regarding
artificial forage should consider its effect on the ecological
stability of the grassland community. In addition, the cold
resistance and drought resistance of forage are important
because of the cold and water-deficient climatic conditions
in the alpine region. Finally, the selection of artificial forage
species should meet the needs of the local construction of
artificial forage, such as what kind of forage needs to be
produced, whether it can meet the needs of local animal
husbandry and other considerations (Fig. 2). Science and
technology are the solid foundation for the development of
artificial forage, and the cultivation of artificial forage must
rely on the support of science and technology (He, 2007;
Duojidunzhu, 2016). The rise of modern biotechnology pro-
vides a convenient and practical way to cultivate and im-
prove forage grass varieties (Zhang, 1994; Lemaire et al.,
2005). Combined with traditional breeding methods, the use
of genetic engineering to modify the genetic traits of forages
at the molecular level not only broadens the range of ecto-
plasm resources in forage cultivation, but also uses the ex-
isting genetic variant materials to enable more effective
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forage breeding. It is more operable and purposeful, which
greatly shortens the breeding cycle and comprehensively
reforms the research status of traditional new breeds.

For the planting of artificial forage, the planting mode
should be determined scientifically and reasonably accord-
ing to the soil conditions and the structure of local agricul-
ture and animal husbandry (Li et al., 2007; Duojidunzhu,
2016). In addition, according to the different needs of forage
production and cultivated grassland utilization, various
monoculture, mixed sowing and inter-planting planting
measures can be put in effect (Duojidunzhu, 2016). For
example, to increase the forage yield and improve the forage
quality, the cultivated grassland established mainly by
mowing can be planted with more than two varieties of for-
age. In order to reduce the production cost of cultivated
grassland and realize stable production for many years, we
should vigorously promote the protective inter-planting of
perennial high-quality forage varieties when building the
cultivated grassland. In the grassland mainly for vegetation
restoration and grassland improvement, perennial forage
mixed planting should be adopted (He, 2007; Duojidunzhu,
2016). Establishing a scientific and reasonable management
mechanism is beneficial for the management of cultivation.
In this management mechanism, we should strength the
management of the irrigation, fertilization, pest control,
harvesting and other technical links of the cultivated grass-
land to improve the overall management level of the culti-
vated grassland (Duojidunzhu, 2016).

The development of the cultivated grassland is insepara-
ble from modern tools. To promote the full mechanization
of artificial (natural) pasture, the model’s agricultural ma-
chinery products that are suitable for the cultivated grass-
land of the Tibetan Plateau should be invented with modern
scientific and technological means. The sowing, field man-
agement, mowing, gathering, transportation, and storage
after mowing of the cultivated grassland should be fully
mechanized and equipped with high-tech equipment and
agricultural tools to reduce losses and improve forage pro-
duction. In addition, modern forage processing equipment
must be introduced to promote the deep processing tech-
nology of grass products, such as high-density bales, grass
cakes, grass pellets, and grass blocks with high density,
small space occupation, and long storage time, so as to real-
ize the mechanization, standardization and specialization of
the forage production process. A mature forage trading
market should be established in the Tibetan Plateau, where
farmers and herders can buy and sell at will.

In summary, the development of cultivated grassland is a
long-term process, which needs continuous analysis and
summarization of the experience to improve the develop-
ment of the cultivated grassland, so as to promote the
healthy, rapid and sustainable development of the artificial
grassland (Fig. 2).

5 Conclusions

Based on a comprehensive review of cultivated grassland
development on the Tibetan Plateau, it is evident that the
primary impediments to its progress include low awareness
and enthusiasm among farmers and herders, uneven distri-
bution of cultivated grasslands, and limited contributions
from the realm of science and technology. To overcome
these challenges, we recommend a multifaceted approach.
First, there is a pressing need to enhance the promotion of
artificial forage, thereby fostering greater awareness and
enthusiasm among local communities. Second, a rational-
ized grassland layout should be prioritized to ensure equita-
ble land use. Lastly, a heightened focus on scientific and
technological contributions is paramount, especially con-
cerning forage species selection, sowing techniques, man-
agement practices, and storage methods. In conclusion, cul-
tivated grasslands offer a multifaceted solution that can ad-
dress the imbalance between grass and livestock, foster lo-
cal economic development, combat grassland degradation
and desertification, and safeguard the ecological environ-
ment (Cambardella and Elliott, 1993; Wang et al., 2007,
Valmorbida et al., 2018). Moreover, integrating cultivated
grasslands with natural grasslands can bolster the health of
the Tibetan Plateau’s grassland ecosystem and create a ro-
bust ecological security barrier (Husse et al., 2016; Siebers
et al.,, 2017; Valmorbida et al., 2018). However, there re-
mains ample room for further development, warranting in-
creased governmental investments in the growth of culti-
vated grasslands on the Tibetan Plateau.
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