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Abstract: Grazing is one of the predominant human activities taking place today inside protected
areas, with both direct and indirect effects on the vegetation community. We analyzed the effects of
grazing intensity on grass composition during four grazing seasons containing 78 plant species
belonging to eight plant functional groups, which include perennial tall grass (6 species), perennial
short grass (6 species), shrubs (3 species), legumes (9 species), Liliaceae herb (8 species),
annual/biennial plants (11 species), perennial short forbs (16 species) and perennial tall forbs (18
species). We estimated grazing intensity at four levels, control, light, moderate and heavy grazing
intensity corresponding to 0.00, 0.23, 0.46 and 0.92 animal units ha ' respectively. We found that
each plant functional group showed a different response to grazing intensity. Perennial tall grasses
that were dominated by high palatable mesophyte and mesoxerophyte grass showed a significant
decrease with grazing intensity, while the medium palatable xerophyte and widespread grasses that
were the predominant short perennial increases with grazing intensity. The perennial tall forbs that
were dominated by the mesophyte grass also decreased, but the decrease was statistically
insignificant. The influence of grazing density on species is also related to soil factors (soil nutrient,
soil moisture and soil temperature and soil bulk density). Some functional groups such as tall fescue
and Liliaceae herbs, remained stable—which may be related to the changes in the soil environment
caused by grazing activities. The findings of this study could provide a standpoint for assessing the
current grazing management scenarios and conducting timely adaptive practices to maintain the
long-term ability of grassland systems to perform their ecological functions.
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1. Introduction

Grazing is not only a concern in Inner Mongolia, but also in all the grasslands of the world.
Grazing impacts not only plant species by defoliation and selective grazing behavior, but also by
mechanical pressure (trampling), which together, contribute to a decline in biomass as the livestock
rate increases [1]. Rainfall has been considered as a key factor in controlling productivity and
determining suitable grazing intensity in temperate grasslands [2,3]. However, management policies
for grazing can mediate the productivity of grasslands. Both the duration and intensity of grazing are
important, controllable factors affecting the response of plant communities. For example, long-term
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grazing changed the plant species composition and had an impact on grassland composition,
whereas grazing intensity can have positive effect [2,4].

The comprehensive changes of species or growth patterns of plant functional groups indicate
that in research related to grazing management, it is necessary to classify different climate species of
vegetation to meet ecosystem targets and respond to the needs of animals [5,6].

However, non-grazing can result in a decrease or slight modification in species diversity and
species composition because of the discrimination and complementarities of environmental retailers
among species [7,8]. However, grazing intensity has effects on the semi-arid steppe through
overgrazing and desertification. Therefore, there is an urgent need to develop a sustainable livestock
production strategy to protect vegetation and meet the economic interests of farmers. More validation
will be done using aboveground biomass measurements.

Integrative changes in plant diversity may not co-occur across the completely different
management grazing. Changes in dominant species are sensitive to dynamical environmental factors
than to changing grazing variables [9]. Grazing is especially important because it disturbs natural
processes, influences species persistence and changes the composition and structure of grass
communities [10]. Previous studies have shown that the annual change of plant functional groups
and species composition has significant influence on community composition [11].

Covering an area of 1069 square kilometers, the Hulunbuir grassland is a part of temporal
grassland ecosystem in Inner Mongolia, and is one of the largest temperate grasslands in the world.
Although a considerable part of the land has been converted into cultivated land in the past 50 years,
a large part of the land is still used as natural or semi-natural grassland for seasonal or continuous
grazing of cattle and sheep, resulting in the degradation of the available grazing land by 50% [12,13].
To date, appropriate grazing intensity restriction is one of the most critical and urgent means to
support adaptive management and sustainable development of the grassland. The grassland is
suitable for hay and grazing due to the rich and palatable grass species available [14,15].

Moreover, as the study aims to assess the effect of grazing intensity in Hulunbuir grasslands, in
order to understand better how grazing intensity influences aboveground biomass, we need to
perform a measurable experiment to examine the effect of the grazing intensity on aboveground
biomass—where grazing compression and topography are variables. With an increasing demand for
animal derived food, the human population is also growing. Therefore, it is necessary to strengthen
animal husbandry production.

Grazing resistance is a vague term used to describe the relative ability of plants to survive under
grazing conditions. However, there are great differences among plant species and forms of
expression in response to grazing strategies. More insights can be gained by organizing grazing
resistance into tolerance and avoidance components [16,17]. Avoidance mechanisms reduce the
possibility and severity of defoliation (escape mechanisms), while tolerance mechanisms promote
post-defoliation growth (i.e., rapid leaf-replacement mechanisms). The ability of a species to survive
in a grazing environment is undoubtedly a combination of these two components, but in some species
and specific environmental conditions, one component may be superior to the other.

The processes and mechanisms of grassland degradation as a result of grazing intensity in Inner
Mongolia are poorly understood. Therefore, the focus of this study was to explain whether the change
of vegetation composition caused by grazing could be mitigated [18,19].

To find an alternative management strategy to conventional livestock husbandry, we examined
the effects of grazing intensity on plant functional group composition and clarified the potential
response of herbaceous species to grazing intensity. We conducted a controlled grazing experiment
on the effect of cattle grazing on vegetation composition in the Hulunbuir area (northeast Inner
Mongolia) under four grazing levels, from control to heavy grazing. This range of grazing intensities
may be useful for a wide-ranging analysis of vegetation composition responses to grazing intensities
[19,20]. The result of this study may considerably contribute to sustainably managing the grassland
of the study area.
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2. Materials and Methods

2.1. Study Area

This study was conducted at Hulunbuir Grassland Ecosystem Observation and Research
Station, Hulunbuir Grassland Center (49°19'~49°20" N, 119°56'~119°57" E), Inner Mongolia, China,
with a total area of 7.86 x 104 km?, east-west width of 350 km, north-south length of 300 km. It is
located to the east of Ergun River, the west of Hinggean, the south of Gen River and the north of
Khalkha River, bordering Baikal Lake and Mongolia, including Hailar City, Manzhouli City, New
Barag banner, New Barag Right Banner, Evenk Autonomous Banner and Erguna and south of
Yakeshi. The Hulunbuir grassland is flat, vast and undulating. From east to west, it can be divided
into three types: middle and low mountains in the west of Greater Khingan, high depression in
Hulunbuir and low mountains in the west of Hulunbuir Lake.

The climate is temperate semi-arid continental, with an average annual frost-free period of 110
days. The average annual precipitation is between 350 and 400 mm. The annual average temperature
is between -5 °C and -2 °C. The monthly average temperature and precipitation of the study site
from 2014 to 2017 are shown in Figure 1. The annual precipitation sums were 405.9, 289.9, 350.5 and
210.9, respectively from season 2014 to season 2017. The soil type is chernozem or chestnut soil. The
vegetation is typical meadow grassland. The dominant species based on importance values are
Leymus chinensis, Scutellaria baicalensis, Carex duriscula and Filifolium sibiricum. Active plant growth
occurs between June and October when temperatures rise above 15 °C.
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Figure 1. Monthly average temperature and precipitation over selected periods at the experimental
site in the meadow steppe of Hulunbuir, Inner Mongolia. Left y-axis —annual mean precipitation and
right y-axis—annual mean temperature from 2014 to 2017. Season 2014 was the highest precipitation.

2.2. Experimental Design

The grazing experiment was established in 2009 at the Hulunbuir Grassland Ecosystem
Observation and Research Station located at Xiertala farm in the center of the Hulunbuir meadow
steppe (49°19'349” N, 119°56'521” E) in the northeastern region of Inner Mongolia, China. Experiment
was setup in a split plot design with three replicate paddocks (each 167 x 300 m) per grazing treatment
(Figure A1). Four grazing intensities were tested; control, light, moderate and high (with an animal
number of 0, 2, 4 and 8 young cows, with a weight of 250-300 kg). Considering an animal unit equals
a 500 kg adult cow, the treatments corresponded 0.00, 0, 0.23, 0.46 and 0.92 animal units (AU)/ha (i.e.,
G0.00, G0.23, G0.46 and G0.92, respectively). The grazing animals were kept in the pasture day and
night; an outside water source was used to supply drinking water. The grazing period was from June
to October and lasted for 120 days each year. Accordingly, three replicate paddocks were used for
each grazing intensity and covering a 5-hectre paddock, 12 paddocks were randomly distributed.
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2.3. Field Measurements and Calculations

Aboveground biomass (AGB) was measured at peak of biomass at the beginning of August in
2014, 2015, 2016 and 2017. AGB was determined by measuring five random samples (1 m?) selected
in each grazing area. In each sample quadrat, species composition, canopy height and coverage were
measured. The coverage was determined using a 50 x 50 cm grid with and 100 crosshairs (each grid
cell 5 x 5 cm?). The natural heights of plants were measured by the straight edge multipoint method
and the average value was taken. The biomass was dried at 65 °C for 48 h to constant weight. The
importance value of plant species (IV) was calculated as follows:

_ RC+RD+RB
==

where RC is the relative coverage of the total species per quadrat (%), RD is the relative
density(species/m?) and RB is the relative biomass (g/m?) [21].

Species pattern ranked based on the species response to grazing intensity to sex groups, 1—
Decreaser (DD) species dominance decreased along grazing gradient, 2— Compensator (ID) species
dominance increased in light grazing and then declined in higher grazing intensity, 3—Increaser (II)
species dominance increased along grazing gradient, 4—Neutral (FL) species dominance fluctuated
stably, has weak relationship with grazing intensity, 5—Randomer (RA) species appeared randomly
in community, take opportunity and occupied the empty niche and 6 —Rare (RARE) species appeared
only once in research period.

v 1)

2.4. Soil Nutrient Contents

In early August of each grazing season, the soil nutrient contents were analyzed. Soil nutrients:
5 points were randomly selected by soil drill from each sample plot to collect surface soil samples for
mixing (Depth: 0-20 cm). After removing rocks and plant and animal residues from soil samples,
dried and determined soil nutrients [22].

Soil particle size distribution was measured by Mastersizer 2000-laser particle size analyzer (0
2000 pm), soil organic carbon content (SOC) was determined by dichromate oxidation method, total
nitrogen content (TN) was determined by semi micro Kjeldahl method and total phosphorus (TP)
was determined by molybdenum antimony method, were calculated by using the following
equations [23].

SOC (g/kg) = ¢ x 5V0 x (VO - V) x 104 x 3.0 x 1.1 m x k x 1000 @)

where ¢ = 0.8000 mol-L-! (1/6 K2Cr20y7) the concentration of the standard solution, 5 = volume added
to standard solution of potassium dichromate (mL), VO = the blank titration uses the de-FeSOs volume
(mL), V = the sample was titrated with FeSOs volume (mL) 1000, 3.0 = 1/4 molar mass of a carbon
atom (g'mol™), 102 = convert mL to L, 1.1 = oxidation correction factor, m = air-dried soil sample
quality (g) and k = the air-dried soil sample converted into the coefficient of drying soil [24].

TN (g/kg ) = (V - VO) x c(12H280s) x 14.0 x 103 m x 103 ®)

where V = the volume of the standard solution of acid used in the titrate (mL), VO = the volume of the
acid standard solution used when titrating blank (mL), ¢ = 0.01 mol-L (1/2 H2504) or HCl standard
solution concentration, 14.0 = the molar mass of the nitrogen atom (g-mol), 10 = convert mL to L
and m = quality of dried soil samples (g) [14].

TP (g/kg ™) = p x Vm x V2V1 x 103 (4)

where p = the mass concentration of phosphorus in the solution to be measured (g/kg™), V = the
number of mL of the sample preparation solution, m = dried soil quality (g), V1 = extract filtrate mL,
V2 = volume of colored solution (mL) and 10 = Convert ug to g-kg™.
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2.5. Soil Moisture and Temperature Measurements

The 5TE sensors recorded soil temperature and moisture every 10 s and averaged every 10 min
for final storage. In 12 experimental plots, 1-m soil profiles were created to measure the soil-moisture
content and soil temperature at depths of 20 cm with a total of 60 sensors. All sensors were installed
from 2014 to 2017 [25].

Bulk density: Four layers (0-5 5-10 10-20 20-30) were taken from each sample plot by ring—knife
method. The wet weight was determined after returning to the laboratory. The dry weight was
determined after drying at 105 °C for 24 h.

2.6. Palatability Measurements

The palatability of each species was calculated by dividing the daily feed intake by the maximum
feed intake and expressed as a percentage average as shown by the following formula [26], high
palatability (>60%), moderate palatability (35%—-55%) and low palatability (<25%) [27,28].

2.7. Cover and Species Richness

The ground cover percentage was estimated per each quadrat for total species, the plant species
richness index (R) was calculated using the Margalef index [29].
-1
R =
LnN

©)

where N is the number of individual plants in the population and S is the number of species.

2.8. Data Analysis

We classified species in eight plant functional groups based on traits. First, we divided the
species to annual and perennial plant. Then, we divided it into grass and forbs, with the legumes and
Liliaceae herb separated from the forbs based on the roots structure.

We used the importance value (IV) of each species as data species and plant functional groups
(all plant species) in each of the quadrats. For each replication of grassland, one-way analysis of
variance (ANOVA) was employed to test the differences in composition among top dominant species
or eight plant functional groups. Statistical analyses were performed using the SAS program (9).
Tukey’s honest significance test was used to compare the variation in soil nutrient and soil moisture
(10, 20, 40 and 60 cm) among grazing densities at p < 0.05. Canonical correspondence analysis (CCA)
was conducted on plant species—environmental variable matrices using the software CANOCO4.5
[30].

3. Results

3.1. Grazing Impact on Community Characteristics

There was a significant effect of grazing intensity on the aboveground biomass, coverage and
species richness for total plant functional groups (Figure 2). The intensity of grazing led to significant
differences (p < 0.05) among the grazing intensities for the aboveground biomass, coverage and
species richness (Figure 2a,b,d). No significant difference was observed in the species abundance
among the grazing intensity (Figure 2c). The aboveground biomass, coverage and species richness
decreased with grazing intensity from 213.88, 340 and 31, respectively in heavy grazing density to
60.24, 175 and 25 in control.
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Figure 2. Grazing effect on community composition. Means (+SE) of (a) biomass, (b) cover, (c) species
abundance and (d) species richness. Species richness refers to the number of species in the area.
Species abundance refers to the number of individuals per sample of the eight plant functional groups
under different grazing density. Different letters over the bars indicate significant differences at p <
0.05.

The similarity of community composition is one of the most basic and significant characteristics
to distinguish different grassland ecosystems. Traditional community similarity estimation is based
on the difference of species occurrence rate or abundance (such as Bray—Curtis similarity index).
However, the diversity of community is affected not only by the difference of species occurrence rate
or abundance, but also by the biologic heterogeneity among species.

We analyzed 78 grass species at a 95% similarity level. The Bray—Curtis similarity index software
was used to perform the similarity pattern recognition [31]. From the data set of the four grazing
seasons, all the grazing intensity clustered together at a level of approximately 95% similarity (Figure
3). A clear trend was observed, in which the same grazing densities had over 80% similarity in plant
community composition from 2015 to 2017. In the 2014 wet season, the precipitation was higher than
in other grazing seasons and showed an 85% similarity between control and the other grazing
densities. This trend was also similar between light grazing and moderate grazing in the dry seasons
of 2015 to 2017.
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Figure 3. Hierarchical cluster of all grass species having coherent dynamics similarity between
grazing intensity in different grazing seasons, the Y right axes the grazing intensity from season 2014
to 2017.

3.2. Response of Plant Functional Groups to Grazing Intensities

We considered eight plant functional groups under the four grazing density levels. The species
numbers were different-with-different functional groups; perennial tall grass (6 species), perennial
short grass (6 species), shrubs (3 species), legumes (9 species), Liliaceae herb (8 species),
annual/biennial plant (11species), perennial short forbs (16 species) and perennial tall forbs (18
species). The perennial tall and short grass functional groups were the main contributors to the
palatable biomass consumed by the cattle and were affected by the grazing intensities. Tall perennial
grasses were sensitive to grazing intensities, whereas perennial short grass significantly increased
with grazing densities (Figure 4). The reduction in biomass as a result of grazing was more in tall
species (perennial tall grass and perennial tall forbs) and Liliaceae herbs than in the short species
(perennial short grass and perennial short forbs) and legumes. With heavy grazing, the shrubs and
annual/biennial functional groups significantly increased with grazing densities. The perennial tall
forbs functional group decline with grazing density, but there was no significant difference between
the grazing density.
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Figure 4. Effect of grazing intensity on plant functional groups: PTG —perennial tall grass; PSG—
perennial short grass; PTF — perennial tall forbs; PSF — perennial short forbs; LEGU —legumes; LILY —
Liliaceae herb; ABP —annual/biennial plant; SHR—shrub. Error bars indicate the standard error (SE)
of the means (p < 0.05).

The change of plant functional group is closely related to the water ecotype and palatability of
different species. Through the increase of grazing intensity, the dominance of the mesophyte
decreased, xerophyte and widespread species increased and mesoexerophyte species did not change,
which may be related to the soil environment change caused by grazing activity. With regards to the
palatability, the dominance of high palatable species declined while medium palatable and poisonous
species increased with grazing intensity (Figure 5).

The perennial tall grass was dominated by high palatable mesophyte and mesoexerophyte
grasses while medium palatable xerophyte and widespread grass were the predominant PSG, which
may explain the significant decrease in the dominance of PTG and increase of PSG along with the
grazing intensity. The PTF was also dominated by the mesophyte species, however, most of the
species had medium or low palatability, therefore, the dominance of PTF change slightly with grazing
intensity. The PSF, Legume, ABP and SHR were dominated by medium and low palatable xerophyte
species and the dominance of these functional groups raised with grazing pressure except Liliaceae
functional group (Figure 5).
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Figure 5. Change of water ecotypes and palatability of species in different plant functional group.
(a,b) Species number and dominance (total IV of the species) of different water ecotypes in each
functional group, respectively; (c¢) dominance of each water ecotype under different grazing intensity.
M —mesophyte; MX—mesoxerophyte; X—xerophyte; WS—widespread. (d,e) species number and
dominance with different palatability in each functional group, respectively; (f) dominance of each
palatability level along with grazing intensity: HP—high palatability; MP—medium; LP—low
palatability; PP—poisonous.

3.3. Change of Plant Species Functional Groups in Grazing Succession

The palatability of most of the species were medium palatability belonging to annual/biennial
plant, Liliaceae herbs, shrub and forbs functional groups which represents close to 65.38% of the total
plant cover. Tall and short grass functional groups were the main highly palatable species (17.95%)
and included the perennial grass Leymus chinensis. Other dominant species are less palatable (short
and tall forbs functional groups, 14.10%) and poisonous (legumes, 2.57%). The grazing intensity had
a significant effect on palatable species, high palatable species significantly decreased with grazing
intensity (Table 1, Table 2 and Figure A2a). The results showed a different response for species with
grazing density and there were higher increases in dominant species with grazing intensity (II). There
are differences among functional groups and species palatability, the dominance species decreased
with grazing density (DD) and this was greater in the perennial tall grass functional group (17.56%)
group (17.55%) (Tables 1 and 2 and Figure A2b). The results also showed that most of the dominant
species that decreases with grazing intensity had high palatability (Table 2, Figure A2c). The lowest
palatability was noted in the dominant species that increased with the grazing density. The pattern
of different species water ecotype showed that most of the species that decrease belong to the
mesophyte water ecotype, while the most of increased species belong to widespread. Most of the
compensatory “species dominance increased in light grazing and then declined in higher grazing
intensity (ID)”, fluctuated stability “species dominance fluctuated stability has weak relationship
with grazing intensity (FL)” and rare species belong to mesoxerophyte “species whose tolerance to
moisture is intermediate between that of a mesophyte and a xerophyte” (Table 2 and Figure A2d).
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We classified species into six species patterns based on species response to grazing intensity. The
results showed a different response for species to grazing density. Thirteen of the total 78 species
decreased with grazing intensity, and 14 species increased. Most of the species belong to randomer
species pattern “species appeared randomly in community, take opportunity and occupied the empty

niche” (Table 1).

Table 1. Hulunbuir grassland community species ranks by dominance.

Number

Change
Pattern

Species

of

Species (Ranked by Dominance)

Decreaser

13

L. chinensis, 1. ventricosa, H. altaicus, Bromus inermis, Galium verum,
Cymbaria dahurica, Achnatherum sibiricum, Astragalus melilotoides,
Vicia amoena, Veronica incana, Clematis hexapetla, T. petaloideum, Lilium
tenuifolium.

Compensator

11

T. squarrosum, Artemisia frigida, Stipa capelata, Allium bidentatum,
Bupleurum, Vicia angustifolia, A. tenuissimum, A. ramosum, Poa
pratensis, Dianthus chinensis, Helictotrichon schellianum.

Increaser

14

C. duriuscula, A. laciniata, Pulsatilla turczaninovii, C. squarrosa, K.
cristata, Potentilla acaulis, Schizonepeta multifida, A. adsurgens,
Taraxacum mongolicum, P. verticillaris, P. tanacetifolia, Oxytropis
myriophylla, Sibbaldia adpressa, Scorzonera divaricata.

Neutral

11

C. pediformis, Serratula centaur oides, A. dracunculus, P. bifurca,
Adenophora stenophylla, A. cristatum, Ixeris sonchifolia, I. tigridia,
Melissilus ruthenicus, Tephroseris kirlowii, Viola dissecta

Randomer

25

Plantago depressa, T. lanceolata, Hierochloe glabra, G. multiflora, Festuca
ovina, A. commutate, A. gmelinii, veratrum nigrum, A. condensatum, L.
apetalum, Orobanche coerulescens, G. squarrosa, Gentianopsis barbata,
Stilpnolepis centiflora, C. glaucum, Convolvulus ammannii, Lychnis
sibirica, L. leontopodioides, Euphorbia esula, S. divaricata, Sanguisorba
officinalis, Thlaspi cochleariform, Thesium longifolium, Inula japonica,
Saussurea scabrida. (IV > 0.05)

Rare species

Dracocephalum ruyschiana, A. galactites, Dontostemon micranthus,
Silene jenisseensis

Table 2. Species change pattern along grazing succession and their distribution in different functional

groups, water ecotype and palatability level.

Treatment

Species Pattern

Grazing Intensity

Decrease Compensator Increaser Neutral Random RARE

Control 46.29a 13.16b 28.43d 11.62b 0.49c¢ 0.01d
Light 31.30b 17.52a 42.41c 8.13¢ 0.88c 0.09a
Moderate 11.83¢ 13.34b 59.18b 14.01a 1.42b 0.07b
Heavy 2.43c 8.8¢ 79.24a 6.92d 2.56a 0.05¢
Plant Functional groups
PTG 17.55a 2.22c 0.00d 0.27bc 0.00c 0.00a
PSG 0.00e 0.36e 31.54a 4.30a 0.06¢ 0.00a
PTF 0.8d 5.85a 11.40b 4.22a 0.08c 0.04a
PSF 1.54¢ 0.11f 8.51c 0.87b 0.01c 0.00a
LEGU 0.54d 0.00f 0.77d 0.00c 0.46b 0.04a
LILY 2.44b 1.74d 0.00d 0.14bc 0.04c 0.00a
ABP 0.10e 0.00f 0.00d 0.25bc 0.69a 0.01a
SHR 0.00e 2.91b 0.00d 0.13bc 0.037c  0.00a
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Water ecotype
Mesophyte 17.59a 0.20c 10.74b 2.69b 0.07b 0.01b
Mesoxerophyte 1.34c 8.45a 7.74c 6.33a 0.61a 0.04a
Xerophyte 4.01b 4.28b 6.94c 1.24c 0.04b 0.01b
Widespread 0.00d 0.27c 26.81a 1.24c 0.66a 0.00b

Palatability

High palatability 17.83a 2.59b 1.27¢ 4.70a 0.07c 0.00c
Medium palatability 1.22c 10.61a 32.90a 5.34a 0.92a 0.02b
Low palatability 3.93b 0.00c 17.73b 0.14b 0.00c 0.04a
Poisonous plants 0.00c 0.00c 0.29¢c 0.00b 0.35b 0.00c

3.4. Relationship between Plant Functional Group and Soil Factors

We used CCA to analyze how the community parameters change along with the grazing
intensity in four grazing seasons from 2014 to 2017 (Figure 6). CCA1 and CCA2 explained 16.29% of
the total variance in samples and plant functional groups and 11.34% of species pattern. Soil moisture
is mainly related to control and light grazing density, while soil temperature, soil bulk density and
soil nutrients are mainly affected by medium and heavy grazing density (Figure 6a). Perennial short
forbs, annual/biennial plants and legume functional groups are mainly affected by various soil
factors, while perennial tall grass is not affected by soil bulk density (Figure 6b).

In species pattern change, the dominant species that appear randomly in the community were
widespread and associated with all soil factors. In addition, dominant species increased along the
grazing gradient and has positive associations with soil temperature, soil bulk density and total
nitrogen. Whereas the dominant decreased and rare species is positively associated with soil moisture
(Figure 6c). DD (species dominance decreased along grazing gradient) was significantly and
positively correlated with soil moisture, but negatively correlated with soil bulk density and soil
temperature. In addition, there is a positive association between soil temperature and II (species
dominance increased along the grazing gradient). In addition, the RA (species that appear randomly
in the community) is widespread and associated with all soil factors.
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Heavy g Nestral
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8 g
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Figure 6. Relationship between plant functional groups and species change patterns in succession
with soil factors. (a) Sample plots; (b,c) species plots grouped by functional group and succession
change pattern of the species, respectively. Vectors shown represent the major explanatory soil
factors. SBD —soil bulk density SM —soil moisture; ST—soil temperature; TOC — total organic carbon;
TN —total nitrogen; TP —total phosphorus.
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4, Discussion

4.1. Grazing Impact on Community Characteristics

Animals are part of the ecosystem of grasslands, and their feeding behaviors directly affect
aboveground plant biomass and plant community composition [32,33]. As a result, the aboveground
biomass value in the non-grazed plots was significantly higher than values in grazing plots (Figure
2a) and this was consistent with previous studies [34]. It is likely that biting, trampling and other
behaviors of animals during grazing lead to a decline in plant leaf area, thereby reducing
photosynthetic capacity and changes in species composition. These ultimately affect the aboveground
biomass of plant communities [3].

Livestock trampling is a common effect of grazing [35]. Cover is generally thought to be
susceptible to grazing density which can cause marked changes in cover and species composition
[36,37].

Our findings in the study area show that grazing can lead to a reduction in coverage (Figure 2b).
Control and light grazing density had no significant difference in their effects on coverage, whereas
moderate and heavy grazing densities led to a decline of more than 50% in coverage (Figure 2b),
indicating that the degree of grazing effect on coverage depends on grazing densities. This is in
agreement with previous studies that have reported that there is little effect of light grazing on the
cover [38].

Our results indicated that species number does not give any indices on ecosystem functioning
when abundance ranking in different plant functional groups and water ecotypes (Table 2. and Figure
A2). This trend has been repeatedly predicted in theory and has been observed in previous studies
[39,40]. Moreover, we found that the species abundance response to grazing can partly be explained
by the species distribution. We also found that species richness increased in lightly and moderately
grazed plots compared to control and heavy grazing. This partly agreed with the expectation that
richness will decrease with grazing intensity [41]. The difference in species richness of different PFGs
also led to the change of community structure. The short grass and short forb functional groups
increased with grazing densities, while tall grass like Liliaceous herb functional groups declines.
Animals accidentally eat certain plants as they graze; animals eager to eat fresh young grass may
accidentally bite off the crown of poisonous species. As these are usually eaten only when animals
have nothing else to eat, this may explain the decrease of Liliaceous functional group with grazing
intensities.

Therefore, species richness may not be influenced by grazing, but by community composition.
This difference in the functional properties of different plant functional groups and the way they
interact with grazing may be an important step to better understand the response of ecosystems to
different grazing densities [42] and certainly needs further attention. The similarity of community
composition is one of the most significant characteristics of the grassland ecosystem [43]. Assessing
compositional similarity between grazing intensities is an important issue because the similarities
between grazing intensity can reveal certain mechanisms that maintain community composition and
specific habitat effects that shape community structure and composition [44]. Similarity does not
mean “the same”. When we state that different grazing density is the same, we should not neglect
those differences that we choose to ignore [45].

In our result, the Bray—Curtis similarities based on the importance value of functional groups
exhibit a similar tendency (e.g., a closer association between control and light grazing density; a
greater association between moderate and heavy grazing intensities). This is due to the different
similarities between species in different functional groups. For example, in the same perennial tall
grass functional groups, there is a dissimilarity between Leymus chinensis (decrease with grazing
density) and Stipa capillata (increase with grazing density). Furthermore, in perennial short grass,
there is a dissimilarity between Heteropappus altaicus (decrease with grazing density) and Pulsatilla
turczaninovii (increase with grazing density).

The physical compositions of plant communities are often changed only by grazing. [46,47]
report several examples where defoliation by grazing herbivores altered plant height and canopy
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cover and changed species composition to include structurally different types of plants. Trampling
may also change the structure of plant communities by beating and breaking down vegetation.

In this study, we classified species into eight major PFGs based on the relevant trait response to
grazing density, associated with variations in life form, leaf traits and rooting depth [48-52]. Grazing
densities can strongly change plant community compositions in grassland ecosystems to resemble
the effect of ecosystems engineered in wild environments [53,54].

4.2. Response of Plant Functional Groups to Grazing Intensities

The results obtained in this study showed that the grazing intensities of cattle affects the
composition and structure of Hulunbuir plant communities, which may be related to the change in
soil environment caused by grazing activity. First, it was observed that grazing intensity can affect
the composition of Hulunbuir grass communities—mainly between the heavy and light grazing
intensities. As also observed by [55], the densities of Leymus chinensis decreased with grazing density
while Carex duriuscula species increase with grazing densities. This result is consistent with [56], who
found that the decrease of Chinese Leymus chinensis and its deductive species (a perennial gramineous
plant, which is also the most popular and high-quality feed plant) were mainly due to the priority of
selective grazing by cattle, while the rapid increase of C. duriuscula, P. acaulis, P. bifurca and A. frigida,
was mainly because of their low palatability.

The effect of grazing densities on plant functional groups at species and community levels did
not show a systematic pattern of intraspecific variation. However, the contribution of particular
species (Figure 4) of plant functional groups to the total above-ground biomass of each grazing
density varied considerably. These results indicate that species composition and occurrence of plant
functional groups on meadow steppe are sensitive to grazing.

The change of plant species composition apparent in plant functional groups reflected plant
functional groups composition (Figure 4). Leymus chinensis decreased with grazing density while
Stipa capillata species increased with grazing density. The comparison of non-grazing and grazing
densities under short-term grazing in the Hulunbuir grassland area showed that the composition of
the most dominant grass species and plant functional groups had different responses to grazing
densities. Most of the tall plants decrease with grazing density proportionally to total plant functional
groups, and the short plant species increase with grazing density, due to palatability or competition.
These differences between plant species resulted from interspecific differences in plant functional
groups and differences in species abundance between grazing densities [57,58]. More than 90% of the
grassland area is grazed by herbivores [59].

Stable grassland production not only maintains the function of the grassland ecosystem, but also
supports the development of grassland animal husbandry. The results showed that grazing density
reduced plant productivity and changed plant community composition while grazing intensity did
not affect ecosystem stability. There is an optimal grazing intensity to maintain the structure and
function of ecosystems [8], Heavy grazing may reduce biodiversity and productivity [60] while light
grazing density may also lead to composition changes and species invasion [61]. The moderate
grazing could be the optimal grazing intensity according to our results.

4.3. Change of Plant Species Functional Groups in Grazing Succession

Under grazing conditions, with the changes of grazing intensity and composition, the number
of highly palatable species such as Leymus chinensis, Festuca ovina, Achnatherum sibiricumm and
Melissilus ruthenicus decreased gradually. In general, grazing density significantly affects plant
community composition [3].

However, the directional change of community composition under different grazing densities is
determined by environmental conditions and grassland types [62]. In many steppe areas, grazing has
resulted in changes in highly palatable species such as perennial grasses being replaced by forbs [63].
Grazing also reduced the dominance of Leymus chinensis, Poa pratensis, Agropyron cristatum, Hierochloe
glabra, Bromus inermis and Koeleria cristata. Animal preference led to the decrease of perennial grass
and the increase of forbs [64].
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However, some perennial grasses, such as Stipa capillata have no response to grazing [65]. The
palatability of species depends in part on the resistance of selective animal bites to grazing. For
example, animals like to eat perennial grass, rather than other functional groups [66].

Water ecotypes also affect plant composition. In our study, mesophytes and mesoxerophytes
decreased with grazing density while xerophytes and widespreads increased with grazing density
(Figure 4c) because the most dominant species belong to xerophyte which has low palatability (Iris
ventricosa, Iris tigridia, Pulsatilla turczaninovii, Potentilla acaulis, Heteropappus altaicus and Cymbaria
dahurica).

In addition, xerophytes and widespread species distribution are characterized by the stable
fluctuation of species dominance with the increase of grazing gradient and high resistance to grazing;
community stability is closely related to productivity and temporal variability of productivity [67].
In grassland areas, grazing usually creates a more stable vegetation pattern than non-grazing [68,69].
The results showed that community stability is related to the resilience of species, but not to the
resistance of plants. The regeneration ability of plants after grazing may be more important than the
resistance to maintain stable biomass production.

4.4. Relationship between Plant Functional Group and Soil Factors

Grazing density affects perennial plants exposed to grazing during their long life cycle that may
be strongly damaged, preventing their regeneration [70-72].

The CCA result showed perennial forbs groups are characterized by variability in traits. This
functional redundancy explains its widespread in different environmental factors because there is a
higher probability of species tolerant to grazing within the group. Changes in soil moisture and soil
temperature in our studied ecosystem appeared to be governed primarily by functional groups and
rainfall. Therefore, grazing can be predicted to decrease productivity (i.e., canopy cover and biomass)
due to the lower amount of soil water storage in the early grazing seasons [73]. The results showed
that grazing density was mainly distinguished due to soil moisture and soil temperature. Among the
grazing densities, the soil water content of the control plots did not increase significantly over the
light and medium grazing density [74]. The results of our study suggest that important references for
assessing the scenarios of grazing management can be provided through monitoring changes in
environmental variables, species composition, species diversity, aboveground biomass and species
photosynthetic pathways in the communities of grassland and applying timely adaptive practices to
maintain the ability of long-term grassland for sustainable productivity.

5. Conclusions

Grazing density is one of the major factors influencing community composition and ecosystem
function in natural grasslands. In this study, different sensitive indices “species composition and
species diversity “of long -term grazing were identified.

Grazing intensity had a significant effect on cover and aboveground biomass, in which biomass
and vegetation cover significantly decreased as grazing density increased.

The gradient of grazing intensity reflects grazing pressure from control to heavy grazing
intensity. The aboveground biomass and importance value can be used as a potential long-term
sensitive index. In this study, light and heavy grazing intensities represent the best and worst
response of aboveground biomass to grazing intensity, respectively. We found that dominant
perennial tall grass functional group (high palatable) were shown significant decrease with grazing
intensity, while perennial short grass functional group was increase with grazing intensity. In
addition, this study also showed that the effect of grazing density on grassland varies according to
plant functional groups response to grazing intensity.

The result of this study may considerably contribute to managing the grassland of the study area
sustainably. Therefore, we recommend that further studies could be needed to understand the
scenarios of the effect of grazing on plant functional groups.
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In addition, the findings of this study may provide a standpoint for assessing current grazing
management scenarios and conducting timely adaptive practices to maintain the long-term ability of
grassland systems to perform their ecological functions.
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Figure A2. Species change pattern along grazing succession and their distribution in different
functional groups, water ecotype and palatability level. (a) Changing pattern of species along different
grazing intensity: DD —species dominance decreased along grazing gradient, ID — species dominance
increased in light grazing and then declined in higher grazing intensity; II—species dominance
increased along grazing gradient; FL —species dominance fluctuated stable; RA —species appeared
randomly in community; RARE—species appeared only once in the research period; (b—d) are,
respectively the dominance of different functional groups, palatability levels and water ecotypes with
different succession changes. Data were calculating at peak biomass time (August) to determine the
change in species pattern along grazing intensity.
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