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Effects of seasonal grazing on
plant and soil microbial diversity
of typical temperate grassland

Chun-Hui Ma1, Xing-Hai Hao1, Feng-Cai He1,
Tao-Getao Baoyin2, Jue-Jie Yang1* and Shi-Kui Dong1*

1School of Grassland Science, Beijing Forestry University, Beijing, China, 2School of Ecology and
Environment, Inner Mongolia University, Hohhot, China
Biodiversity is the decisive factor of grassland ecological function and process.

As the most important human use of grassland, grazing inevitably affects the

grassland biodiversity. However, comprehensive studies of seasonal grazing on

plant and soil bacterial, archaeal and fungal diversity of typical temperate

grassland are still lacking. We examined the impact of seasonal grazing,

including no-grazing (NG), continuous grazing (CG), grazing in May and July

(G57), grazing in June and August (G68), and grazing in July and September

(G79) on grassland plant and soil microbial diversity based on a long-term field

grazing experiment. The results showed that the aboveground plant biomass

(AGB) of the seasonal grazing plots was significantly higher than that of the CG

plots. Compared with NG, CG increased significantly the Margalef richness

index of plant community, while did not significantly change the Shannon,

Simpson and Pielou evenness of plant community. Grazing changed the

composition and biomass of dominant vegetation. Long-term grazing

decreased the proportion of Leymus chinensis (Trin.) Tzvel. and increased

the proportion of Cleistogenes squarrosa (Trin.) Keng. There was no significant

change in the Shannoneven, Shannon and Coverage indices of soil bacteria,

archaea and fungi between NG and the grazing plots. But the Chao index of soil

fungi in G57, G68 and G79 and archaea in G57, G79 was significantly higher

than that in CG. The results of correlation analysis showed that the plant

diversity in the CG plots was significantly negatively correlated with the soil

bacterial diversity. The plant richness in the G57 and G68 plots was significantly

positively correlated with the soil archaea richness. Our study showed that

seasonal grazing was a sustainable grazing management strategy for

maintaining typical grassland plant and soil microbial diversity in northern

of China.
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Introduction

Grassland is one of the most species rich ecosystems on

earth, and its species diversity is no less than that of tropical

rainforest (Pulungan et al., 2019). Grazing is the most important

human factor affecting grassland biodiversity and ecosystem

functions (Hou and Yang, 2006). The selective feeding of

herbivores on plants and different feeding frequencies and

intensities affected grassland plant diversity and productivity

(Zhang et al., 2018). Previous studies about the impact of grazing

on grassland biodiversity are inconsistent. Grazing increased the

spatial heterogeneity of resource distribution to improve species

diversity (Hou and Yang, 2006), and promoted species equity by

eliminating competitive advantages (Sternberg et al., 2015). The

results of Suo et al. (2022) on the alpine grassland in Northwest

China showed that overgrazing and enclosure will reduce the

diversity and productivity of plant communities. Duan et al.

(2010) studied the typical temperate grassland in Inner

Mongolia and showed that moderate grazing would increase

grassland species diversity, while overgrazing would reduce

grassland community diversity and productivity. These studies

mainly focused on the impact of grazing intensity on grassland

ecosystem diversity, and paid less attention to the impact of

grazing system (such as continuous grazing, seasonal grazing,

rotational grazing, etc.) on grassland biodiversity.

Since 2000, a series of grassland protection programs based

on grazing prohibition, seasonal grazing and rotational grazing

strategy, including “Grain for Green Program”, “Grassland

Ecological Protection Program”, and “Beijing-Tianjin

Sandstorm Source Control Project”, were launched to protect

and make sustainable use of grasslands in China (Cai et al.,

2020). Seasonal grazing (rest grazing) could balance the forage

production and livestock growth, and is an important grazing

strategy to promote grassland ecological protection and rational

utilization of grassland resources. Liu et al. (2016) found that the

plant diversity of warm season grazing grassland was higher than

that of cold season grazing grassland. Due to phenology of

plants, grazing in summer and autumn tended to reduce the

evenness of grassland, while grazing in spring was conducive to

the growth of dominant species and the biomass accumulation

of grassland community on the typical temperate grassland

(Zheng, 2020). However, there were few studies on the

response and mechanism of aboveground and underground

biodiversity under seasonal grazing.

Soil biodiversity is an important component of grassland

biodiversity. Grazing would change the composition and diversity

of grassland soil organisms, especially microorganisms (Hu et al.,

2015; Van Syoc et al., 2022). On the one hand, the trampling of

livestock and fecal input could change the soil physical structure

and chemical composition, thereby affecting the microbial

community structure (Clegg, 2006; Qu et al., 2016). On the other

hand, livestock changed the composition of plant community,
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underground rhizome distribution and root exudates through

selective feeding, and affected the composition of soil microbial

community (Fichtner et al., 2014; Steinauer et al., 2016; Zhang et al.,

2019). He et al. (2009) found that the diversity of soil microbial

communities in 5 vegetation types showed significant differences in

species richness index and uniformity index, while Shannon index

did not differ significantly. This suggests that the composition of

aboveground plant communities affects the a diversity of soil

microorganisms. Recent study showed that under heavy grazing,

the soil carbon and nitrogen nutrient cycling significantly reduced,

resulting in the change of beta-diversity of soil bacteria and fungi

(Zhang and Fu, 2021). Light grazing can effectively increase soil

microbial a diversity, while heavy grazing reduces soil microbial

alpha-diversity (Xun et al., 2018). At the same time, heavy grazing

can alter the proportion of bacteria and fungi in the soil, with an

increase in bacteria and a decrease in fungi (Xun et al., 2018). This

may be due to the main groups of fungi are known as arbuscular

mycorrhizal fungi (AMF), is closely linked to plant biomass, so

heavy grazing is not conducive to the colonization of these fungi

(Yang et al., 2018), while bacteria proliferate rapidly (Klumpp et al.,

2009; Nelson and Carlson, 2012). Yang et al. (2022) argue through

meta-analysis that heavy grazing continuously reduces microbial

biomass and abundance, and that the reason for this result is that

grazing reduces plant aboveground biomass and increases soil

volume. But Van Syoc et al. (2022) found that there was no

significant difference in soil microbial diversity between grazing

and non-grazing plots. Some other studies have shown that two

years grazing increased the richness of soil bacteria (Epelde et al.,

2017; Song et al., 2020). However, there are lacking studies about the

impact of long-term seasonal grazing on grassland soil

microbial diversity.

We hypothesized that there might be significant differences

in the composition and diversity of plant and soil microbial

communities under different grazing systems (grazing

strategies), and the diversity of soil microorganism and plant

community could be consistent with long-term grazing. To

verify these hypotheses, we analyzed the impact of seasonal

grazing (five grassland management treatments) on plant

biomass, plant community composition and diversity and soil

microorganisms (including bacteria, archaea and fungi) based

on long-term field grazing experiments in a typical temperate

grassland. We further studied the relationship between

aboveground and underground biodiversity under different

grazing systems (grazing strategies).
Materials and methods

Study site

The field study was implemented at the Grassland

Ecosystem Research Station of Inner Mongolia University in
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Xilinhot City, Xilingol League, Inner Mongolia Autonomous

Region (44°9′18′′N, 116°23′32′′E). This region was

characterized by a temperate semi-arid continental climate,

with annual mean temperature and precipitation of -0.4°C and

271 mm respectively (Chen et al., 2021). The region’s typical

grassland covers approximately 85% of the area, and the

aboveground vegetation was dominated by Stipa krylovii

Roshev, Leymus chinensis (Trin.) Tzvel., Cleistogenes squarrosa

(Trin.) Keng. The soil type is chestnut soil with a sandy loam

texture. The growing season usually starts in early May and ends

in late September in this region (Song et al., 2020).
Experimental design

The grazing experiments with five grassland management

treatments was launched in 2012: no-grazing (NG), continuous

grazing (from May to September, CG), grazing in May and July

(grazing started in the spring, G57), grazing in June and August

(grazing started in the early summer, G68), and grazing in July

and September (grazing started in the late summer, G79). Three

repetitions were randomly set for each treatment, and the area of

each plot was 33.3 m × 33.3 m. Six sheep were released in the

grazing plot on the 21st day of each month and stopped when

the mean plant height about 6 cm for protecting the grass from

overgrazing damage (moderate grazing).
Sampling and measurement

Plant and soil samples were collected at the end of

September in 2021. Within each plot, plant communities were

surveyed using three 1 × 1 m quadrats to measure the

abundance, coverage and height of plants. Then standing

plants of each species was clipped to 1 cm above the ground,

and oven-drying at 80°C for 24 h to calculate plant biomass.

Total plant aboveground biomass (AGB) was calculated as the

sum of all species biomass.

The soil samples (0-20 cm) for DNA analysis were collected in

each quadrat and transported ondry ice to the laboratory, and stored

at–80°Cbeforeanalysis.ThesoilDNAwasextractedusingPowerSoil

DNA extraction kit (MoBio Laboratories, CA) according to the

manufacturer’s instructions. For16S rRNAsequencing, theuniversal

primers of bacteria (338F and 806R, ACTCCTACGGGAGGCA

GCAG; GGACTACHVGGGTWTCTAAT), archaea (Arch524F

and Arch 958R, TGYCAGCCGCCGCGGTAA; YCCGGCGT

TGAVTCCAATT), and fungus (ITS1F_ITS2R, CTTGGTCA

TTTAGAGGAAGTAA;GCTGCGTTCTTCATCGATGC) were

used for PCR. PCR products were pooled, purified, sequenced on

an Illumina MiSeq platform by Majorbio Corporation, Shanghai,

China. Sequence data were analyzed using QIIME 2 and to calculate

alpha-diversity indices.
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The formulas of alpha-diversity indices were shown in

Supporting Information Method S1, including Margalef,

Shannon, Simpson, Pielou evenness, Chao, Shannoneven and

coverage. The beta-diversity of soil microorganism was then

visualized with R language (version 3.3.1).
Statistical analysis

The results were analyzed using the SPSS software with

version 23.0 (SPSS Inc., Chicago, IL, USA). Differences in

characteristics of plant communities (the biomass, abundance,

coverage, height and diversity) and soil microbial diversity

among five grassland management treatments were analyzed

using one-way analysis of variance (ANOVA). The alpha-

diversity indices of plant were characterized by Margalef,

Shannon, Simpson and Pielou evenness index (Thukral, 2017).

Differences were considered statistically significant when P <

0.05. The alpha-diversity and beta-diversity (Principal

coordinates analysis, PCoA) of plant and soil microorganism

was analyzed and visualized by the “Vegan” package within R

(http://cran.r-project.org/web/packages/vegan).
Results

Plant composition, productivity, height
and diversity

The plant biomass of grassland in five grassland management

treatments was shown in Figure 1. The AGB of no-grazing (NG)

was significantly (P < 0.05) higher than that of continuous grazing

(CG) and seasonal grazing (G57, G68, G79). The aboveground

plant biomass of seasonal grazing was significantly higher than that

of CG (P < 0.05). There was no significant difference in the AGB

among G57, G68 and G79 (P > 0.05).

After 10 years of moderate grazing, the dominant species of

the aboveground plant community have not changed, namely

Stipa krylovii Roshev, Leymus chinensis (Trin.) Tzvel. and

Cleistogenes squarrosa (Trin.) Keng remained as the dominant

species (Figure 2). However, the proportion of dominant species

has changed significantly with grazing systems(grazing strategy).

Compared with the no-grazing, the proportion of L. chinensis in

the grazing plots decreased. In CG, L. chinensis decreased and C.

squarrosa increased greatly. There was no significant difference

in the height and coverage of S. krylovii in grazing and no-

grazing plots (P > 0.05), but the biomass of S. krylovii in grazing

plots was significantly higher than that in no-grazing plots (P <

0.05, Figure 3). The height and biomass of L. chinensis in grazing

plots were significantly lower than that in no-grazing plots (P <

0.05). The coverage of C. squarrosa in G68 was significantly

higher than that in NG (P < 0.05).
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The biodiversity indexes (Shannon, Simpson and Pielou

evenness) of plants in different rest-grazing periods had no

significant changes (P > 0.05), but the Margale richness index

under CG was significantly (P < 0.05) higher than that under

seasonal grazing (G57, G68, G79) and NG (Figure 4).
Microbial diversity of grassland soil

The Chao, Shannoneven, Shannon and Coverage indexes of

soil bacteria in grazing and no-grazing plots had no significant
Frontiers in Plant Science 04
changes (P > 0.05, Figure 5). The Chao index of soil fungi in

seasonal grazing plots (G57, G68, and G79) was significantly

higher than those in CG and NG plots (P < 0.05, Figure 6).

Similarly, the Chao index of soil archaeal abundance in seasonal

grazing plots (G57 and G79) was significantly higher than those

in CG and NG plots (P < 0.05, Figure 7).

The results of PCoA showed that the contribution of the first

principal coordinate axis of bacteria and fungi was 50.3% and

94.44%, respectively (Figures 8A, B). The composition of bacteria

and fungi was all similar in five grassland management treatments.

The contribution of the first principal coordinate axis of soil archaea
FIGURE 2

Percentage stacked columnar graph of aboveground plant species in five grassland management treatments. NG, CG, G57, G68, G79. NG: No
grazing; CG: Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September.
FIGURE 1

Aboveground plant biomass (AGB) in five grassland management treatments. NG: No grazing; CG: Continuous grazing; G57: Grazing in May and
July; G68: Grazing in June and August; G79: Grazing in July and September. The error bars in the figure represent the standard error, and the
lowercase letters represent the significant differences (P<0.05).
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was 45.09%, and the composition of archaeal community were

separated between NG and G57 indicating beta-diversity was

different between them (Figure 8C).
Correlation analysis of plant and soil
microbial diversity

The results of correlation analysis showed that there was no

significant correlation between the aboveground plant diversity

and the diversity of soil fungi, archaea and bacteria in NG plots

(P > 0.05, Table 1). In CG plots, the Shannon and Pielou

evenness indexes of aboveground plants were significantly

negatively correlated with the Shannon and Shannoneven

indexes of soil bacteria (P < 0.05). In G57 and G68 plots, the

Chao index of soil archaea had significant positive correlations
Frontiers in Plant Science 05
with the Simpson and Margalef index of plants, respectively (P <

0.05, Table 1).
Discussion

Effects of seasonal grazing on AGB and
plant diversity

We found in present study that the AGB of seasonal grazing

was significantly (P < 0.05) higher than that of continuous

grazing. The possible reason might be that moderate grazing

increased the nutrient supply and the photosynthetic intensity of

the residual leaves, and increased the photosynthetic rate of the

new leaves (Li, 1999). Livestock grazing on non-photosynthetic

rhizomes and flowers could lead to more distribution of
B

C

A

FIGURE 3

Grassland community characteristics in five grassland management treatments: (A) height, (B) coverage, (C) AGB. NG: No grazing; CG:
Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September. The error bars in the
figure represent the standard error, and the lowercase letters represent the significant differences (P<0.05).
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B

C D

A

FIGURE 4

Aboveground plant diversity indicators in five grassland management treatments: (A) Margalef; (B) Shannon; (C) Simpson; (D) Pielou evenness.
NG: No grazing; CG: Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September.
The error bars in the figure represent the standard error, and the lowercase letters represent the significant differences (P<0.05).
B

C D

A

FIGURE 5

Soil bacterial diversity in five grassland management treatments: (A) Chao; (B) Shannoneven; (C) Shannon; (D) Coverage. NG: No grazing; CG:
Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September. The error bars in the
figure represent the standard error, and the lowercase letters represent the significant differences (P<0.05).
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photosynthetic substances to leaves, thus activating dormant

meristem and increasing plant biomass (Owen and Wiegert,

1976; McNaughton, 1979; Owen and Wiegert, 1981; Belsky,

1986). Under moderate grazing, the plants will appear over

compensatory growth, which is the “grazing optimization

hypothesis” (Mysterud et al., 2011).

We also found that different grazing systems(grazing

strategy) had a significant impact on the height, coverage and

biomass of aboveground dominant plants in the grassland. In

order to adapt to the environment, plants could change their

appearance in different environmental conditions to capture

resources (Wang et al., 2010; Deng et al., 2014). In this study,

the height of C. squarrosa was lower in NG plots, and it was

obviously inferior to the tall grasses in the competition of light

resources. Livestock selectively grazing on forage enhanced the

light competition ability of C. squarrosa, and the coverage of C.

squarrosa in the seasonal grazing plot (G68) was significantly

higher than that in NG. Consistently, Wang and Wang (2001)

found that moderate grazing promoted the compensatory

growth of the population of C. squarrosa, and the coverage of

C. squarrosa was significantly increased in the long-term

grazing plots.

Here, the Margalef richness index of aboveground plant

community in the continuous grazing plots (CG) increased

significantly, but the Shannon, Simpson and Pielou evenness
Frontiers in Plant Science 07
indexes did not change significantly. Compared with NG, the

aboveground plant community diversity in grazing plots (CG,

G57, G68, and G79) was not significantly different. This was

similar to the results of Gu (2013) in the temperate mountain

grassland of Yili Kazak Autonomous Prefecture of Xinjiang

Uygur Autonomous Region, showing that moderate grazing

did not decrease grassland plant biodiversity. Li et al. (2019)

also found that grazing did not change the diversity of plants, but

promoted the leaf characteristics and functional diversity of

alpine meadow.
Effects of seasonal grazing on soil
microbial diversity

Because soil microorganisms could sensitively reflect the

changes of grassland ecosystem functions, they were often used

as an important indicator of soil ecosystem (Wardle et al., 2004).

Eldridge et al. (2017) found that heavy grazing would reduce soil

carbon content, thus affecting the abundance and diversity of

soil actinomycetes and increasing the abundance of bacteria.

Our results in this study showed that moderate grazing had no

significant effect on soil bacterial abundance and diversity of

typical grassland. Consistently, Wang et al. (2020) found that

moderate grazing did not reduce grassland microbial
B

C D

A

FIGURE 6

Soil fungal diversity in five grassland management treatments: (A) Chao; (B) Shannoneven; (C) Shannon; (D) Coverage. NG: No grazing; CG:
Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September. The error bars in the
figure represent the standard error, and the lowercase letters represent the significant differences (P<0.05).
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biodiversity, but would help to maintain the diversity of plants,

bacteria and fungi in the typical grassland of Inner Mongolia.

The Chao index of soil fungal richness in continuous grazing

plots was significantly lower than that in seasonal grazing plots,

which might be due to the competitive exclusion effect in our

study. The species that was more effective in using resources led

to reduce or elimination of other species from habitat (Hibbing

et al., 2010). Grazing increased ascomycetes (dominant fungi)

and led to the decrease of the abundance and diversity of other

fungi (Zechmeister-Boltenstern et al., 2015). At the same time,

moderate grazing improved the proportion of mycorrhizal plant

species and made the fungal richness higher than that of

continuous grazing (Ba et al., 2012). In addition, our study

showed that the Chao index of archaea in seasonal grazing (G57,

G79) plots was significantly higher than that in NG plots, which

might be associated with the increase of soil ammonia oxidation

archaea by grazing (Egan et al., 2018). However, due to the

potential inhibitory effect of the herbivore urine on the

abundance of soil ammonia oxidizing archaea (Egan et al.,

2018), the abundance archaea under the continuous grazing

treatment decreased compared with seasonal grazing.
Frontiers in Plant Science 08
The relationship between plant and soil
microbial diversity under different
grazing strategies

We found that there was a significant correlation between the

diversity of plants and soil microorganisms in grazing plots. The

selection of herbivores changed the community structure and

composition of plants, and also affected the soil microbial

community structure (Bardgett et al., 1998; Gao et al., 2004). Due to

grazing, grassland plants allocatedmore assimilated carbon to the root

system (Hou and Yang, 2006), which stimulated the growth and

activity of heterotrophic microorganisms in the rhizosphere (Bardgett

and Cook, 1999). Recent studies have shown that plant diversity

affected soil microbial communities by changing the amount and

diversity of soil rhizosphere exudates (Zhang et al., 2019). Moreover,

grazingaffected theabundanceof soilmicroorganismsbychanging the

amount of organic matter returned to the soil (Milchunas and

Lauenroth, 1993). Gao et al. (2004) found that the soil microbial

richness was the highest in moderate grazing, and there were

significantly correlations between the diversity of plants and soil

bacteria in the continuous grazing plots.
B

C D

A

FIGURE 7

Soil archaeal diversity in five grassland management treatments: (A) Chao; (B) Shannoneven; (C) Shannon; (D) Coverage. NG: No grazing; CG:
Continuous grazing; G57: Grazing in May and July; G68: Grazing in June and August; G79: Grazing in July and September. The error bars in the
figure represent the standard error, and the lowercase letters represent the significant differences (P<0.05).
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TABLE 1 Correlation analysis between grazing aboveground plants and soil microbial diversity in five grassland management treatments.

NG Margalef (plant) Shannon (plant) Simpson (plant) Pielou evenness (plant)

Chao(fungi) -0.77 -0.03 0.31 0.31

Shannoneven(fungi) -0.03 0.43 0.43 0.43

Shannon(fungi) -0.09 0.14 0.20 0.20

Chao(archaea) -0.09 0.54 0.49 0.54

Shannoneven(archaea) -0.14 0.26 0.26 0.31

Shannon(archaea) -0.09 0.14 0.14 0.14

Chao(bacteria) 0.09 -0.14 -0.14 -0.14

Shannoneven(bacteria) -0.60 0.03 0.14 0.37

Shannon(bacteria) -0.31 -0.14 -0.14 0.14

CG

Chao(fungi) -0.09 -0.03 -0.31 -0.31

Shannoneven(fungi) 0.37 0.09 -0.09 -0.09

Shannon(fungi) 0.09 0.03 -0.14 -0.14

Chao(archaea) -0.03 0.37 0.77 0.77

Shannoneven(archaea) -0.37 -0.66 -0.60 -0.60

Shannon(archaea) -0.26 0.14 0.66 0.66

Chao(bacteria) -0.37 -0.43 -0.26 -0.26

Shannoneven(bacteria) 0.09 -0.43 -0.83* -0.83*

Shannon(bacteria) -0.09 -0.83* -0.96** -0.96**

G57

Chao(fungi) -0.49 -0.37 -0.03 0.26

Shannoneven(fungi) 0.26 0.43 0.66 0.26

Shannon(fungi) 0.26 0.43 0.66 0.26

Chao(archaea) 0.54 0.71 0.94** -0.14

Shannoneven(archaea) -0.26 -0.54 -0.66 -0.43

Shannon(archaea) -0.31 -0.31 -0.09 -0.03

Chao(bacteria) -0.60 -0.26 -0.49 0.71

Shannoneven(bacteria) -0.31 -0.43 -0.54 0.09

Shannon(bacteria) -0.54 -0.31 -0.66 0.60

G68

Chao(fungi) -0.03 -0.14 -0.14 -0.14

Shannoneven(fungi) -0.14 -0.60 -0.60 -0.60

Shannon(fungi) -0.31 -0.49 -0.49 -0.49

Chao(archaea) 0.94** 0.31 0.31 0.31

Shannoneven(archaea) -0.71 0.09 0.09 0.09

Shannon(archaea) -0.03 0.77 0.77 0.77

Chao(bacteria) 0.03 -0.26 -0.26 -0.26

Shannoneven(bacteria) -0.09 -0.60 -0.60 -0.60

Shannon(bacteria) -0.31 -0.49 -0.49 -0.49

G79

Chao(fungi) 0.14 -0.49 -0.49 -0.54

Shannoneven(fungi) -0.71 0.31 0.31 0.43

Shannon(fungi) -0.60 0.20 0.20 0.26

Chao(archaea) 0.20 -0.43 -0.43 -0.31

Shannoneven(archaea) 0.49 0.03 0.03 -0.09

Shannon(archaea) 0.37 0.14 0.14 0.09

Chao(bacteria) 0.14 -0.66 -0.66 -0.49

Shannoneven(bacteria) -0.49 -0.09 -0.09 0.20

Shannon(bacteria) -0.26 -0.37 -0.37 -0.09
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NG, No grazing; CG, Continuous grazing; G57, Grazing in May and July; G68, Grazing in June and August; G79, Grazing in July and September (**, P<0.01;*, P<0.05).
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Conclusions

Compared with continuous grazing, the seasonal grazing

significantly increased the aboveground plant biomass of the

temperate typical grassland, and the dominant species

composition of the plants did not change significantly in this

study. S. krylovii, L. chinensis and C. squarrosa were the

dominant species. Long term moderate grazing increased

Margalef richness index of aboveground plants and seasonal

grazing had no significant effect on soil bacterial diversity.

However, compared with continuous grazing, seasonal grazing

can improve the Chao index of soil fungi and archaea. The

diversity (Shannon and Pielou evenness indexes) of

aboveground plants in the continuous grazing sample plots

were significantly correlated with the Shannon and Shannon

even indexes of soil bacteria. These results indicated that

seasonal grazing, was helpful to maintain livestock

productivity and biodiversity in the temperate grassland of

Inner Mongolia, and should be preferentially used in the

biodiversity protection and sustainable grazing management

practice of the typical grassland in the northern temperate zone.
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