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Vegetation is a crucial component of any ecosystem and to preserve the
health and stability of grassland ecosystems, species diversity is important. The
primary form of grassland use globally is livestock grazing, hence many studies
focus on how plant diversity is affected by the grazing intensity, differential
use of grazing time and livestock species. Nevertheless, the impact of the
grazing time on plant diversity remains largely unexplored. We performed
a field survey on the winter pastures in alpine meadows of the Qinghai-
Tibetan Plateau (QTP) to examine the effects of grazing time on the vegetation
traits. Livestock species, grazing stocking rates and the initiation time of the
grazing were similar, but termination times of the grazing differed. The grazing
termination time has a significant effect on most of the vegetation traits in
the winter pastures. The vegetation height, above-ground biomass, and the
Graminoids biomass was negatively related to the grazing termination time in
the winter pastures. In contrast, vegetation cover and plant diversity initially
increased and subsequently decreased again as the grazing termination time
was extended. An extension of the grazing time did not have any effect
on the biomass of forbs. Our study is the first to investigate the effects
of grazing during the regrowth period on vegetation traits and imply that
the plant diversity is mediated by the grazing termination time during the
regrowth period in winter pastures. These findings could be used to improve
the guidelines for livestock grazing management and policies of summer and
winter pasture grazing of family pastures on the QTP from the perspective of
plant diversity protection.
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Introduction

Grassland is the largest terrestrial ecosystem on earth and
is also classified as one of the most vulnerable systems to
environmental stress (Vans et al., 2015). Biological diversity, and
in particular plant diversity, is important for the maintenance
of the health, function, structure, and stability of grassland
ecosystems (Xiong et al., 2016; Hopping et al., 2018; Bennett
et al,, 2020). Globally, grassland is primarily used as grazing for
livestock (Bai et al., 2007; Vermeire et al., 2008; Herrero and
Thornton, 2013). Hence, a lot of research has been conducted
on the effects of grazing on plant diversity in grasslands in
terms of differential use in livestock species, intensity, time,
and space (Bai et al., 2007; Vermeire et al, 2008; Herrero
and Thornton, 2013; Liu et al, 2019). However, the impact
of the grazing time on plant diversity, and more importantly,
when it is terminated, has been overlooked. Understanding how
plant diversity responds to grazing with different termination
times is crucial for the protection of biodiversity and ecosystem
function. It also provides valuable insight regarding the role of
livestock grazing in grassland degradation (Vermeire et al., 2008;
Zhu et al., 2019).

Alpine meadow represents one of the largest grassland
ecosystems in the Qinghai-Tibetan Plateau (QTP) (Harris,
2010; Wei et al, 2020a,b). Similar to other grassland
ecosystems, alpine meadow ecosystems provide numerous
essential ecological functions and services, including pastoral
water resource climate control,

production, regulation,

biodiversity conservation, carbon storage, tourism, and
recreation (Stromberg et al,, 2013; Wei et al., 2014; Wang et al,,
2019). However, during the past few decades, alpine meadows
have been degraded to varying degrees (Harris, 2010; Wang
et al,, 2015), which directly threaten the ecological security of
QTP as well as down-stream regions (Dong and Sherman, 2015).
Alpine meadow degradation can impair the ecosystem function
and structure, thereby reducing the quality of grasslands (Gao
et al,, 2006, 2019; Wu et al,, 2014). Declining biodiversity is
one of the most direct manifestations of degrading grasslands
(Harris, 2010; Hopping et al,, 2018). Several factors can be
responsible for alpine meadow degradation, for example
rapidly increasing grazing pressure, rodent damage, and climate
change (Li et al,, 2013; Wei et al,, 2019, 2020c¢). In addition,
the mismanagement of livestock grazing is an important factor
which can causes alpine meadow degradation (Harris, 2010).

At present, the grassland grazing in the pastoral sector is
rotated on a seasonal basis in the QTP in accordance with
the household responsibility system (Yan et al, 2005 Wei
et al., 2020b). Nomadic herders across the QTP have developed
different types of grazing systems under the guidance of
governmental policies (Brantingham and Xing, 2006). The most
common method of grazing management in the QTP grasslands
is nomadic, where livestock moves seasonally between fixed

summer and winter pastures (Wei et al., 2020a,b). Under normal
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circumstances, winter pastures are only grazed during winter
(WG, from early October to late April) and is allowed to recover
during the summer growing season, whereas the summer
pastures are grazed during the growing season (SG, from the end
of April to the beginning of October). However, the beginning
and end times of grazing on the winter and summer pastures
are not uniform since the movement of livestock is determined
by the individual herders and depends on when sufficient plant
growth has taken place in the summer pastures to sustain the
livestock (according to our survey data). The livestock transition
from winter pastures to summer pastures overlaps with the
regrowth period when plants turn green again after the winter
(Yan et al, 2005). Grazing during this time therefore has a
significant impact on the plant community composition and
structure, as foraging and trampling by livestock will affect the
relationship between different plant species and soil properties
(Nie and Zollinger, 2012; Selemani et al, 2013). However,
few studies focus on the grazing termination time, and our
understanding of the relationship between plant community
traits and the grazing termination time remains vague (Selemani
et al,, 2013), especially when the transition between grazing
pastures overlaps with the regrowth period of plants.

We investigated the plant community traits of winter
pastures in Maqu Country (northeastern QTP), where pastures
had a similar grazing onset time, but the termination time
differed. We proposed three possible hypotheses with the
extension of grazing termination time in winter pastures: (a)
extended grazing will decrease vegetation height and coverage
since tall grasses with numerous stems and leaves are more
susceptible to grazing during the regrowth period; (b) the above-
ground biomass and the Graminoids biomass will decrease due
to selective feeding by livestock such that grasses and sedges
are more likely to be eaten by livestock during the regrowth
period; and (c) the suitable grazing during the regrowth
period is conducive to a higher plant diversity (plant richness
and the Shannon-Wiener diversity) as grazing decreases the
vegetation height, which increase light reaching low-growing
plants and promoting their growth. We aim to explore how to
effectively increase plant diversity in winter pastures under the
current grazing model.

Materials and methods

Study site

Our study site is situated at the Hequ racecourse, in
Maqu County, eastern QTP in the Gansu Province County,
northwestern China, at an average elevation of 3,430°m
(Figure 1). The Hequ Racecourse covers an area of 39 866
hectares, has five natural villages and a total of 527 households.
This area has a typical alpine continental climate. The mean
annual temperature is -2.3°C, and the average annual rainfall
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is 643.9 mm, that falls predominantly in the summer period
(June to September) (Wei et al., 2022). The soil type is an alpine
meadow soil that with high organic matter content, thick humus
stratum, good soil aggregate structure and sufficient moisture
(Wei et al,, 2022). The vegetation in this area is dominated
by Poaceae, Cyperaceae, Ranunculaceae, and Compositae, such
as Kobresia pygmaea, Elymus nutans griseb, Cremanthodium
lineare, Anemone rivularis, Leontopium leontopodioides, and
Anemone rivularis. Plants started to turn green at the end of
April, and yellow at the end of September (Liu et al., 2019). The
growing season is approximately 148 days, and the 2020 growing
season information originates from the grassland monitoring
department. All winter pastures are flat in this region. Our
study site is limited to Hequ Racecourse and we believe that the
general climatic conditions are the same.

Experimental design

This study was carried out between April and August of
2020. We conducted a detailed survey of the winter pastures of
214 herdsmen in five natural villages at Hequ racecourse from
April to June 2020. We selected a total of 17 winter pastures
that meet our requirements in terms of the grazing livestock
species, grazing intensity, starting date of grazing (November
22 of 2019), but with a different end date of the grazing (from
April to June). We selected the yak (Bos grunniens) as the
grazing livestock species, and yak older than 4 years weighs
more than 250 kg (Fan et al., 2019; Liu et al,, 2019). The winter
pastures for all herders are flat and lower in elevation than
summer pastures. The grazing intensity was limited between 3.5
and 4.8 head of yak ha™!, which was calculated based on the
pasture area and the number of yaks older than 4 years. In this
region, this is a moderate grazing intensity as calculated by the
grazing intensity classification standard (Xiao et al., 2019). In
the five natural villages on the Hequ racecourse, 2, 3, 6, 4, and 2
family pastures met our requirements per village, respectively.
Information regarding the livestock species, grazing intensity
and the starting and ending dates of grazing from 2019 to 2020
was provided by herders.

Plant sampling

The vegetation survey was conducted in early August
2020. Vegetation was randomly sampled from ten quadrats
(50 x 50°cm) in each winter pasture of a selected herder. The
interval between quadrats was greater than 100 meters and the
quadrats were representative of the vegetation composition and
community of this winter pasture. We measured the vegetation
height and cover, species richness, species abundance and above-
ground biomass. The height of the vegetation was measured
by selecting 20 random plants and averaging their heights.
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Vegetation cover was assessed with the point frame method.
A 50°cm long frame with pins at 5 cm intervals was placed
over the vegetation and all the plants that touched a pin were
identified (Guo et al,, 2012a). Species richness was evaluated
by recording the number of the species in each of the 0.25°m?
quadrats (Guo et al,, 2012b). The abundance of a species was
determined by the number of plants of that species in a quadrat.
Finally, the plants in each quadrat were harvested, sorted into
grass, sedges and forb, brought back to the lab where it was
dried at 80°C for 24 h and then weighed. The total above-ground
biomass was calculated as the collective biomass of the plants in
a quadrat.

Calculation method

The Shannon-Wiener’s diversity index was calculated with
the following formula:

H= —PilogloP,-
where P; is the proportion of plants of the i-th species.

Pielou eveness index (J) was determined as:

J =H/InS

With H as the Shannon-Wiener’s diversity index, and S as
the species richness.

The plant biomass was divided into three functional groups
namely Grass, Sedge, and Forbs (Guo et al, 2012a). Grass
and Sedge are the preferred forage of livestock, therefore we
calculated the Graminoid biomass as the combination of grasses
and sedges biomass.

Data analysis

All data was normally distributed. We used a linear
regression to determine whether different grazing termination
times significantly altered the vegetation traits (vegetation
height, vegetation cover, species richness, above-ground
biomass, Shannon-Wiener’s diversity, and Pielou evenness), the
biomass of three functional groups, and Graminoids biomass.
The grazing termination time was used as the independent
variable; and the vegetation traits, the biomass of the three
functional groups and Graminoid biomass as dependent
variables. Simple linear and polynomial regression models
were compared with a likelihood ratio test to select the final
regression models. Regression models were employed to
determine the relationship between the grazing termination
time and the vegetation traits, biomass of the three functional
groups, and the Graminoid biomass, and the fit was assessed
using the coefficient of determination (R?). The significance
level was maintained at P < 0.05. We used the statistical
program SPSS19.0 (SPSS, Chicago, IL, United States) to
perform statistical analyses while the graphs were produced
in Sigmaplot 12.5.
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FIGURE 1
Locations of the study site on the Qinghai-Tibetan plateau.

Results

Vegetation height and coverage

Both the vegetation height and cover was strongly
influenced by the termination time of the grazing in winter
pastures (Figures 2A,B). The vegetation height showed a
significant negative linear relationship with the time grazing
ended (Figure 2A). However, vegetation cover showed a
significant unimodal curvilinearity as the end of the grazing time
increased (Figure 2B).

Biomass of grasses, sedges and forbs,
and graminoid biomass and the total
biomass

Grass and sedge biomass showed a significant decrease as the
termination time of grazing increased (Figures 3A,B), but the
forbs biomass did not change when grazing time was extended in
winter pastures (Figure 3C). Similar to changes in the grass and
sedge biomass, the graminoids biomass also decreased linearly
the longer the livestock was allowed to graze in winter pastures
(Figure 4A). In addition, the above-ground biomass showed a
significant negative linear relationship with the time that grazing
ended (Figure 4B).
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Plant diversity (species richness and
Shannon-Wiener's diversity) and Pielou
evenness

The plant diversity (species richness and Shannon-Wiener’s
diversity) was strongly influenced by the end of the grazing time
in winter pastures (Figures 5A,B). However, the Pielou evenness
was not significantly correlated with grazing termination time
(Figure 5C). Species richness and the Shannon-Wiener index
showed a significant unimodal curvilinearity as the end of the
grazing time increased (Figures 5A,B). As the grazing time
was extended, species richness and Shannon diversity initially
increased and subsequently decreased, with peaks on May 23
and May 29, respectively.

Discussion

The influence of grazing termination
time on vegetation composition,
structure, and biomass

Grasslands represent some of the largest ecosystems
worldwide and its primary land use is grazing. Grazing can
modify the composition and productivity of grasslands, and
thus have to be carefully managed to ensure that plant
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diversity is maintained (Vermeire et al, 2008). In this study,
we provide the first comprehensive evaluation of the relative
consequences of the grazing termination time on community
traits in winter pastures. Our results indicate that the decrease
in plant diversity may be caused by winter grazing being
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terminated either too early or too late during the plant regrowth
period.

We show distinct patterns in the vegetation traits
corresponding to the grazing termination time in winter
pastures. This supports the hypothesis that the grazing

frontiersin.org


https://doi.org/10.3389/fevo.2022.991967
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/

Wei et al.

10.3389/fevo.2022.991967

A 120 B 160
R*=0.83;F =81.03; P <0.001 R*=0.86;F =97.76; P <0.001
90
@ 2120
S 8
8 B
w60 =
= !
S 3
g B
o
: s w
1G] 2
<
30
0 T T T 40 T T T
April 10 April 30 May 19 June 9 June 29 April 10 April 30 May 19 June 9 June 29

Grazing termination time

FIGURE 4

Grazing termination time

The Graminoid biomass (A) and the aboveground biomass (B) for different grazing termination times on winter pastures in alpine meadows,
according to a linear regression. The black lines indicate significant regression relationships and blue lines indicate the smoothed regressions

with its 95% confidence intervals.

A 35 B 50 (o 20
R*=0.69; F=19.16; P < 0.001 R*=0.35F=5.22; P =0.0203
30 45
15
@a z @«
3] 25 ‘a0 4.0 b4 . [
£ g g . o® e ot
] 5 g e . e’
= = 5 10 .
s g g .
=
2 2 E 35 0
@ & [
0.5
15 3.0
10 T T T 255 T T T 0.0 T T T
April 10 April 30 May 19 June 9 June 29 April 10 April 30 May 19 June 9 June 29 April 10 April 30 May 19 June 9 June 29
Grazing termination time Grazing termination time Grazing termination time
FIGURE 5

Plant diversity (A) Species richness; (B) Shannon diversity, and PieLous evenness (C) for different grazing termination times on winter pastures in
alpine meadows based on linear regressions. The black lines indicate significant regression relationships and blue lines indicate the smoothed

regressions with its 95% confidence intervals.

termination time during plant regrowth period has a powerful
effect on vegetation traits and that the extension of the grazing
time results in lower height, lower above-ground biomass,
lower Grass and Sedge biomass and much-reduced Graminoids
biomass. Our results fill a paucity in knowledge regarding the
effects of the grazing termination time on vegetation traits.

As we expected, vegetation height decreased with the
extension of the grazing time in winter pastures. This is caused
by the decreased height of tall dominant species such as grasses
and sedges as a result of livestock foraging and trampling
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(Wang et al,, 2019). However, the vegetation cover first showed
an increase, that subsequently decreased again as the grazing
time extended into the regrowth period, which is inconsistent
with our first hypothesis. The appropriate extension of grazing
time in the regrowth period is beneficial for the increase of the
vegetation coverage in winter pastures and may be the result of
several factors. Firstly, it limits the growth of tall plants such as
grasses and sedges because they are the preferred by livestock,
this can relieve the competitive pressure on low-growing plants
(Yang et al., 2019; Filazzola et al., 2020) and increase the growth
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potential of the shorter plants in the community (Wei et al,
2019). Secondly, the foraging and trampling by livestock often
decreases the upward growth of tall plants while encouraging
the production of auxiliary shoots (Wang Q. et al, 2018).
Thirdly, opportunistic species, in particular broad-leaved plants,
are encouraged to germinate (Yang et al., 2019; Yao et al,, 2019).
The increased plant height when grazing ends too early may
promote a self-thinning effect that decreases the density of the
plants (Yao et al, 2019), thereby resulting in a decrease in
vegetation coverage. The vegetation coverage decreased when
the grazing time exceeds a certain range as a result of the
decrease in the proportion of grasses with lush stems and
leaves since livestock grazing and trampling can cause failure
to germinate in some plants (Kattenborn et al,, 2017; Wang Q.
etal., 2018).

This study illustrates that grazing termination time affects
the above-ground biomass and the Graminoids biomass
significantly, and this finding supports the second hypothesis.
It is clear from our results that above-ground biomass and
the Graminoids biomass decreased as a result of the decline
in grasses and sedges (Figures 3A,B, 4A,B), but not the forbs
biomass (Figure 3C). The regrowth period is the primary
period when the forages grow and its nutrients supply mainly
depends on the root reserve (Buttolph and Coppock, 2004),
especially for grasses and sedges which provides a competitive
advantage. Continuous grazing will inevitably quickly deplete
the root nutrient accumulation, and it will also lead to
insufficient new leaves, and the photosynthetic index of the
new leaves will not be able to meet the growth needs of
the plant itself during this critical growth period (Buttolph
and Coppock, 2004; Nie and Zollinger, 2012). The decrease
in the grass and sedge biomass is thought to be due to the
selective ingestion by the Tibetan yak (Wang et al, 2019).
Interestingly, the forbs biomass did not change significantly
with the extension of the grazing time in winter pasture.
Theoretically, the forbs biomass should increase significantly
as the biomass of dominant plants such as grasses and sedges
decrease (Yang et al, 2019), but this is not the case. This
may be because the forbs are low growing plants with limited
competitiveness and occupies little space compared to grasses
and sedges (Wang Q. et al., 2018), and resulting in little change
in its biomass.

Plant diversity was assessed by the species richness and the
Shannon-Wiener diversity index. Our results indicated that the
species richness and the Shannon-Wiener diversity index had
a parabolic shape, showing that beyond a certain point, the
species diversity steadily decreases as the grazing termination
time is extended in winter pastures, in agreement with our
third hypothesis. The pattern of the plant diversity may result
from increased plant competition in the grassland with shorter
grazing times. Early in the growing season, plants are all
short and do not have to compete for light and nutrients.
However, in time, taller plants may limit these resources for
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shorter-statured plants such as forbs and outcompete them
(OIff and Ritchie, 1998; Borer et al., 2014). The substantial
increase in tall grass and sedge biomass in the grasslands
with an earlier end time of winter grazing, supports the
increased competition hypothesis (Grime, 1979). The lower
plant diversity in the grasslands with an extended grazing
time is likely the result of intense feeding and continued
livestock trampling that prevent some low-growing plants
from germinating, since the overall vegetation height is much
lower compared to grasslands where grazing terminated earlier.
Furthermore, the relative abundances of the different plant
functional groups may also influence the pattern of the plant
diversity. The abundance of grasses and sedges decreased with
the extension of grazing time in winter pastures. Grasses
and sedges are reported to be preferred by yaks (Cai et al,
2015), especially during the regrowth period. The above results
suggest that plant diversity was strongly affected by the
grazing termination time in winter pastures, implying that the
appropriate extension of grazing time in winter pastures is
conducive to maximize the protection of plant diversity under
specific livestock species and grazing intensity. However, if
grazing is terminated too early or too late, the plant diversity
is not conserved.

Under the current grazing system, the above-ground
biomass and graminoid biomass cannot be used to objectively
evaluate whether the grassland is degraded in winter pastures
(Zhang et al, 2018; Wei et al, 2019). The above-ground
biomass in winter pastures is lower but does not necessarily
imply a reduction in productivity (Wei et al, 2020a), it
only seems lower because the biomass consumed by livestock
during the regrowth period is not taken into account. The
same is true for the graminoid biomass. The plant diversity
is related to the grazing termination time during the plant
regrowth period in winter pastures. Grazing after plants turn
green will increase plant diversity (plant richness and Shannon
diversity) to varying degrees compared to grazing terminated
before plants turn green in winter pastures (Figures 5A,B).
This can explain why studies have shown that grassland
degradation mainly occurs in summer pastures and four-
season pastures from the perspective of plant diversity,
while it is rare in winter pastures (Tang and Gavin, 2015;
Zhao et al, 2016; Wang et al, 2019; Sainnemekh et al,
2022).

Although our study clearly demonstrates that suitable
grazing time during the regrowth period can increase plant
diversity in winter pastures, our study has some limitations
that should be acknowledged. First, different climatic years
may lead to variations in plant diversity (Alatalo et al., 2016;
Wang et al.,, 2021). We surveyed for a single year and did not
account for the effect of interannual climatic factors. Second, as
with interannual climate change, we did not take into account
the effects of microclimate which can affects community traits
in alpine regions, such as plant diversity (Stark et al.,, 2017).
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Third, soil heterogeneity can also change species diversity (Stark
et al, 2017; Dong et al, 2019), grazing affects the physical
and chemical properties of soil which can indirectly affect the
vegetation community during the plant growth season and may
potentially also influence our results. Previous studies found that
grassland plant diversity is primarily controlled by light, that
is mainly affected by grazing (Hautier et al,, 2009; Borer et al,,
2014), regardless of soil nutrient and livestock utilization (Borer
et al., 2014). However, the effects of climate, microclimate and
soil heterogeneity on plant diversity cannot be ignored (Borer
et al,, 2014; Dong et al,, 2019), so further studies would be
required to show the contribution of climate, microclimate, and
soil heterogeneity on plant diversity under grazing disturbance.
A follow-up study could focus on plant diversity under global
climate change.

Management implications

In the past, a large volume of research has been devoted to
grassland vegetation composition and structure in response to
grazing (Herrero and Thornton, 2013; Zhang et al., 2018; Dai
et al,, 2019; Liu et al, 2019). Nevertheless, the consequences
of the grazing termination time in grasslands have not been
carefully considered, especially in relation to the plant regrowth
period. Overall, we found that the grazing termination time is
closely related to the vegetation composition and structure in
winter pastures. Our findings show that the grazing termination
time has a negative impact on vegetation height, aboveground
biomass, grass, sedge, and graminoid biomass, but that forbs
biomass is not affected. However, it increases plant diversity
when the grazing termination is timed appropriately. Our
results are significant for conservation efforts that are aimed
at maintaining plant diversity-the appropriate extension of the
grazing time into the plant regrowth period is advantageous for
the increase of plant diversity in winter pastures.

We recommend that the transition from winter (the
winter pastures with elevations between 3,300 and 3,600°m)
to summer pastures should be carried out in late May under
the family ranch model. Ideally, rotational grazing pastures
should be grazed and rested on a regular basis, either on set
schedule or intermittently as needed (Li et al, 2019). This
implies that the current grazing rotation system used on the
QTP is not optimal as it affects the biodiversity of alpine
meadows negatively and can have long-term implications for
conservation. Many studies have shown that the prohibition
of grazing in the growing season aids the recovery of
degraded grasslands (Xiong et al, 2016; Guo et al, 2018;
Wang Y. et al, 2018). However, our study shows that a
complete prohibition of grazing in the growing season is not
optimal for the maintenance of plant diversity (Figures 5A,B).
Therefore, in addition to minding the grazing intensity, we
urge pastoralists and policymakers to be more attentive to
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the impact of grazing termination times under the rotational
grazing system and to implement integrative social-ecological
management plans to maintain the sustainability of the Tibetan
rangelands.
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