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Grazing is a main land use of natural grasslands in the world, which has both positive and negative impact on plant community structure and ecosystem functioning. However, the effects of long-term grazing management on the plant–soil system, in particular above- and belowground community characteristics, are still not well understood in alpine meadow community. In this study, we investigated the vegetation, roots, and soil properties under three management types (16 years of fencing since 2004-2020, moderate grazing and heavy grazing managements) in an alpine meadow on the Tibetan Plateau. The results showed that, compared with moderate grazing meadows, long-term fencing increased plant community cover, above- and belowground biomass, proportion of grass and litter but reduced forbs and soil bulk density, which caused the increases in soil organic carbon, total nitrogen and water content and the decreases in soil pH. However, heavy grazing led to opposite changes in proportion of grass, community biomass and soil physicochemical properties. The maximum of species richness and plant density appeared in moderate grazing meadows, supporting the intermediate disturbance hypothesis, and it can maintain above- and belowground biomass and soil physicochemical properties at medium level. Grazing increased the root: shoot ratio and caused root system shallow, which is consistent with the optimal partitioning hypothesis. Overall, our study suggested that moderate grazing is a more reasonable grazing management for sustainable development in alpine meadows of Tibetan Plateau, fencing could be an effective management strategy for vegetation restoration as well as for nutrient sequestration in degraded grasslands, but long-term fencing dose not benefit for biodiversity maintenance.
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1 INTRODUCTION
Grasslands occupy about 40% of the world’s land surface, exclusive of Antarctica and Greenland, supporting the livelihoods and food security of almost a billion people (Kemp et al., 2013; Dlamini et al., 2016). However, many of these grasslands suffer degradation because of overused and mismanaged, especially in developing countries (Suttie et al., 2005; Schönbach et al., 2011; Han et al., 2018). Grassland degradation has become a major global concern in recent decades, which would affect not only livestock production and herders’ livelihood, but also vital environmental services, such as biodiversity conservation, soil carbon sequestration and hydrology (Lal et al., 2015). Up to now, about 90% of the grasslands are deemed to be degenerated state in Tibetan Plateau (Harris, 2010). Widespread grassland ecosystems are in urgent need of integrated conservation approaches to combat the land degradation in Tibetan Plateau. In order to prevent grassland deterioration, the Chinese government has implemented a series national key ecological protection engineering in the region during the last decades, such as “Retire Livestock and Restore Grassland” and “Herbage-livestock Balance,” which means that fencing to prevent grazing and moderate grazing management.
Grazing exclusion by fencing is regarded as the most economical and feasible management to increase community coverage, biodiversity and productivity (Gonzales and Clements, 2010; Armitage et al., 2012; Keesstra et al., 2016). Generally, fencing could obviously promote vegetation recovery (Holland and Detling, 1990; Su et al., 2005). However, fencing has different effects due to vegetation types, soil structure, stocking rate, temperature and rainfall (Hafner et al., 2012). For instance, Altesor et al. (2005) found that the above-ground net primary production of moderately grazing was higher than fenced grassland. Squires et al. (2010) also found fencing has negative impacts on biomass and species richness of various grasslands. Fencing cannot restore vegetation in some severely degraded regions because energy flow and material cycle of the ecosystem had been destroyed (Snyman, 2003). For soil nutrients, some research found that grazing exclusion promoted vegetation recovery, improved productivity and thereby increased soil nutrients in degenerated grasslands (Mekuria et al., 2007; Keesstra et al., 2016). However, others reported was unchanged (Pucheta et al., 2004) and even decrease in soil nutrients of grassland (Frank et al., 2002; Hafner et al., 2012). Although grazing exclusion by fencing has been widely adopting in Tibetan Plateau, more factors are needs to consider in order to protect the grassland and to maintain sustainable development, such as exclusion period (Wang et al., 2011). Some studies found that in degraded grassland of Ethiopia, herbage biomass declines or no longer increases after more than 8 years of enclosure, the period of grazing exclusion by fencing should be carefully determined (Yayneshet et al., 2009). And long-term fencing did not significantly improve the productivity of semi-arid desert grassland (Yang et al., 2005). However, we are still not very clear about the effect of long-term fencing on alpine meadow in Tibetan Plateau.
Livestock grazing is one of the most common utilization pattern of land in natural grasslands that influences plant community structure (Klein et al., 2007; Álvarez-Martínez et al., 2016; Su et al., 2017; Tarhouniet al., 2017) and soil physicochemical properties (Wan et al., 2011; Xie et al., 2014; Li et al., 2016). Meanwhile, livestock grazing was considered as one of the key disturbance factors in grassland degradation (Oesterheld and Sala, 1990). Grazing commonly can cause the replacement of palatable plants by unpalatable plants or tall-grasses by short-grasses, and reduce community cover and aboveground biomass (Schönbach et al., 2011). But, on the contrary, grazing improved aboveground biomass in Uruguay grasslands (Altesor et al., 2005). Typically, the response of plant species richness to a grazing gradient showed a hump-shaped variation (Huston and Huston, 1994; Wang and Wesche, 2016). Others, however, species richness reduced with a grazing gradient in meadow and steppe, or grazing has no significant effects on species richness in desert grassland (Gamoun, 2014). The effects of grazing on the root system mainly through altering the biomass and community structure of aboveground to further affect the growth of the belowground root system (Gao et al., 2008), belowground biomass showed complex responses (Frank et al., 2002). Soil is closely correlated with grassland productivity, soil responses to grazing disturbance and environmental changes are slower than plants (Wang and Wesche, 2016). And soil is hard to recover once degraded (Langmaack et al., 2002). Grazing affects soil physicochemical properties through biomass removal and trampling (Dlamini et al., 2016). Reasonable grazing can improve accumulation quantity of plant litter and nutrient cycling (Bardgett et al., 1998). Unreasonable grazing would increase soil bulk density, reduce permeability and aeration, thereby affecting grassland nutrient cycles, causing grassland degradation and losses of soil organic carbon (Dlamini et al., 2016; Yang et al., 2018). These results suggest that the effects of grazing pressure on aboveground and belowground ecosystems are more complex than imagination (Zolda, 2006). Thus, more and more studies have focused on the responses of both aboveground and belowground ecosystems to grazing in order to seek rational management strategies for grasslands (Conant et al., 2001; Bardgett and Wardle, 2003).
The alpine meadows of Tibetan Plateau represent the largest high-altitude pasture on the earth (Hafner et al., 2012; Li et al., 2017), which have not only nourished local people in the past hundreds of years but also have served as water filters and regulators for downstream residents (Dong et al., 2010). Because of the characteristics of high and cold, alpine meadow is more sensitive than other terrestrial ecosystems to management strategy (Klein et al., 2004; Zhao, 2011). In this study, we investigated aboveground and belowground ecological characters in response to 16 years fencing, moderate grazing and heavy grazing in alpine meadows of Tibetan Plateau. Our objective was to assess the effects of the different long-term grazing management strategies in alpine meadow, and help the government to generate a more reasonable grazing management regime for sustainable development in Tibetan Plateau. Specially, the following three questions were addressed: 1) How does grazing management affect alpine meadow community structure and function? 2) How does grazing management affect soil physicochemical characteristics? 3) How does grazing management affect the relationships between above- and belowground ecological characteristics?
Before this research, we propose the following hypothesis: 1) Fencing has significant impacts on aboveground and belowground ecological characters; 2) The highest diversity appeared in the meadows of intermediate grazing disturbance (Connell, 1978); 3) The grazing pressure led to an increase in root: shoot ratio (Chapin et al., 1987; Yang et al., 2010).
2 MATERIALS AND METHODS
2.1 Study area
This study was conducted in alpine meadows at 3,000 m a.s.l. in the northeast margin of the Tibetan Plateau at Zhuaxixiulong pasture (37°12′N, 102°43′E) in Gansu Province, P. R. China (Figure 1). The average daily air temperature is −0.1°C, ranging from −18.3°C in January to 12.7°C in July. The mean annual accumulated temperature is 1380°C. Total mean annual precipitation is 416 mm, which is concentrated in July, August, and September. The region has a typical continental plateau climate characterized with long and cold winter, short and mild summer, and no frost-free period. Plant growth period is 120-140d. The main soil type is alpine meadow soil. Vegetation is dominated by Kobresia humilis, Elymus nutans, Polygonum viviparum, Stipa breviflora, Artemisia smithii, Medicago archiducis-nicolai and Anaphalis lacteal.
[image: Figure 1]FIGURE 1 | The description of the study area. The location of the study area and sampling blocks of the fenced meadows (F), moderate grazing meadows (M) and heavy grazing meadows (H) in Zhuaxixiulong alpine pasture, Tianzhu, Gansu, China. DEM denote Digital Elevation Model (m).
2.2 Experimental design, sampling and measurement
In this study, we compared three types of long-term management meadows: fenced meadows (F), moderate grazing meadows (M) and heavy grazing meadows (H), and all meadows were uniformly before the implementation of managements (Figure 1; Table 1). Each management type had three replicate blocks that was about 1 ha. The distance between the blocks is about 1–2 km. We randomly selected five 1 m × 1 m plots in every block, thus, each management type of meadow had fifteen replicate plots. In total, we surveyed 45 plots in this experiment.
TABLE 1 | Description of experimental study design. Characteristics of three grazing management’s meadows in this study. Fenced meadows (F), moderate grazing meadows (M) and heavy grazing meadows (H).
[image: Table 1]Aboveground plant community were surveyed in Mid-August of 2020. Using a 1 m × 1 m plot, we counted the number of species at the peak of the growing season (defined as species richness). The point-intercept method was used to measure species cover (%). We then measured aboveground parts of all plant individuals and surface litter in the same quadrat size and classified all species into four functional groups: grasses, sedges, forbs, and legumes, based on their functional forms (Niu et al., 2016). Meanwhile, a 10 cm diameter root auger was used to collect soil samples at different depth of 0–10 cm, 10–20 cm, and 20–30 cm for the belowground biomass measurement, and each layer had three repetitions in each plot. The layered soils from each plot were packed into a 2 mm nylon net bag and washed to separate roots and soil (Gao et al., 2008). Aboveground and belowground biomass was oven-dried at 75°C for 72 h and weighed.
We collected soil samples with a 5 cm diameter auger at different depths of 0–10 cm, 10–20 cm, and 20–30 cm were used to analyze soil properties, and each layer had three replications in each plot. All soil samples were air-dried and passed through a 5 mm mesh sieve to remove large roots and plant residues, then passed through a 0.15 mm mesh sieve. Soil pH was determined by a method of soil-water volume ratio of 1:5 (PHS-3C pH acidometer, China). Soil water content before air drying was obtained by the oven-drying method (Soil Science Society of China, Agriculture Chemistry Council, 1983). Soil bulk density at different layers was measured using the soil cores (100 cm3) by cylinders (volumetric ring method). The Kjeldahl method was used to determine soil total nitrogen (Bao, 2000). The percentage of soil organic carbon in the soil samples was measured by the Walkley–Black acid digestion method as described by Nelson and Sommers (1996). In brief, 0.5 g of soil was digested with 5 mL of 1 N K2Cr2O7 and 10 mL of concentrated sulfuric acid at 185°C for 5 min, followed by titration of the digests with standardized FeSO4. All soil sample measurements were replicated three times and operated at the Soil Testing Center at the State Key Laboratory of Grassland Agro-ecosystems, Lanzhou University, China.
2.3 Data analysis
To assess the effects of different long-term grazing managements on above-vegetation and below-ground soil properties, one-way analysis of variance (AVOVA) was performed to test differences in plant community characteristics (species richness, community coverage and density, above- and belowground biomass, litter), and soil proportion (root - shoot ratio, soil bulk density, soil water content, soil organic carbon, total nitrogen, carbon-nitrogen ratio and pH) across each soil depths (0–10 cm, 10–20 cm, and 20–30 cm)) between the fenced, moderate grazing and heavy grazing meadows. All data were expressed as mean ± standard error of mean in 15 plots. Post-hoc comparisons between grazing management types were made using the least significant difference test (LSD) (at p < 0.05). The change in each functional group (grasses, sedges, legumes and forbs) biomass were also analyzed, separately.
Moreover, we tested the correlations between the vegetation (community coverage, species richness, density, aboveground biomass, belowground biomass, root-shoot ratio and litter) and soil properties (soil bulk density, soil water content, soil organic carbon, total nitrogen, carbon-nitrogen ratio and pH) using Pearson correlation tests. All statistical tests and analyses were performed by SPSS 22.0 software (SPSS Inc., Chicago, IL, United States).
In addition, redundancy analysis (RDA) was used to explore the relationship between soil physical and chemical properties and plant community characteristics under three grazing managements. We used CANOCO 5.0 to perform RDA (University of South Bohemia, Ceske Budejovice, Czech Republic).
3 RESULTS
3.1 Species richness and density of plant community
In total, the plant communities in the three grazing managements of 49 species, belonging to 17 families, of which 18.37% were annuals and 81.63% were perennials (Supplementary Table S1). Compared with the moderate grazing meadow, species richness (F = 41.12, p < 0.001) and plant density (F = 9.73, p < 0.01) significant lower in fenced meadows, and significant lower (F = 65.99, p < 0.001; F = 33.77, p < 0.001) in heavy grazing meadows, however, plant community cover increased in fenced plots (F = 179.56, p < 0.001) and decreased in high grazing plots (F = 107.58, p < 0.001) significantly (Table1; Figure 2). The highest of species richness and plant density appeared in moderate grazing meadows was about 28.89 number m-2 and 949.44 individuals m−2. On average, species richness and plant density in fenced meadow decreased by 17.31% and 20.57%, and by 22.71%, 31.73% in heavy grazing meadow. Additionally, community coverage increased by 30.06% in fenced meadow and decreased by 36.77% in heavy grazing meadow compared to moderate grazing meadow (Table 1; Figure 2).
[image: Figure 2]FIGURE 2 | Change in species richness and density under grazing management. Variation in (A) species richness and (B) plant density among three grazing managements (F: fenced meadow; M: moderate grazing meadow; H: heavy grazing meadow). Error bars express standard error of the mean (n = 15), different letters indicate significant differences at p < 0.05.
3.2 Above- and belowground biomass and litter
Aboveground biomass differed significantly among three grazing managements (F = 624.19, p < 0.001). The total aboveground biomass of the long-term fenced meadow, moderate grazing meadow and heavy grazing meadow were 698.21 ± 44.44 g m−2, 481.46 ± 33.37 g m−2 and 120.63 ± 24.37 g m−2, respectively (Figure 3A). Compared with moderate grazing areas, fencing significantly increased biomass of grass (F = 273.86, p < 0.001) and sedge (F = 43.59, p < 0.001), but the differences of legumes (F = 0.85, p > 0.05) and forbs (F = 1.67, p > 0.05) biomass were not significant, heavy grazing significantly decreased grasses (F = 287.11, p < 0.001), sedges (F = 198.81, p < 0.001), legumes (F = 58.28, p < 0.001) and forbs (F = 394.30, p < 0.001) biomass. Fencing increased grass, but decreased forbs, for grazing this was reversed (Figure 3A).
[image: Figure 3]FIGURE 3 | Change in biomass, root:shoot and litter under grazing management. (A) Aboveground biomass (four functional groups: grasses, sedges, legumes, forbs, and total aboveground biomass), (B) belowground biomass (in three soil layers: 0–10 cm, 10–20 cm and 20–30 cm, and total belowground biomass in the top 30 cm of soil), (C) root: shoot ratios and (D) litter among three grazing managements (F: fenced meadows; M: moderate grazing meadows; H: heavy grazing meadows). Error bars express standard error of the mean (n = 15), different letters indicate significant differences at p < 0.05.
Long-term grazing management has a significant effect on belowground biomass in 0–30 cm soil profile (F = 3,565.14, p < 0.001). The highest belowground biomass was found in fenced meadow (5170.44 ± 94.06 g m−2), and then in moderate (4326.03 ± 136.39 g m-2), and in heavy grazing (1260.70 ± 67.87 g m−2), respectively (Figure 3B). Compared with moderate grazing meadow, fencing meadow significantly increased belowground biomass both in 0–10 cm (F = 169.06, p < 0.001) and 10–20 cm (F = 763.35, p < 0.001), however, the differences of 20–30 cm soil profile were not significant (F = 2.36, p > 0.05), and heavy grazing significantly decreased belowground biomass of 0–10 cm (F = 3,517.32, p < 0.001), 10–20 cm (F = 4590.31, p < 0.001) and 20–30 cm (F = 2184.33, p < 0.01) soil profile (Figure 3B). Belowground biomass of the 0–10 cm soil profile accounted for about 69.87%, 71.48%, and 74.15% of total belowground biomass of the 0–30 cm in fenced, moderate grazing and heavy grazing meadows, respectively.
In addition, fencing significantly decreased the root: shoot ratios by 17.61% (F = 22.37, p < 0.05) and increased litter by 171.07% (F = 234.64, p < 0.001) compared to moderate grazing. In contrast, heavy grazing significantly increased the root: shoot ratios by 19.82% (F = 7.07, p < 0.05) and decreased litter by 31.86% (F = 19.41, p < 0.01) (Figures 3C, D).
3.3 Soil physicochemical properties
Overall, long-term grazing management had significant impact on soil bulk density, water content, organic carbon, total nitrogen and pH of 0–10 cm (F = 52.95, p < 0.001; F = 30.79, p < 0.001; F = 48.94, p < 0.001; F = 22.06, p < 0.001; F = 16.20, p < 0.001) and 10–20 cm (F = 20.57, p < 0.001; F = 21.96, p < 0.001; F = 31.65, p < 0.001; F = 24.92, p < 0.001; F = 20.41, p < 0.001) soil layers, and no significant impact on soil physicochemical properties of 20–30 cm soil layer (F = 0.06, p > 0.05; F = 1.73, p > 0.05; F = 0.44, p > 0.05; F = 2.39, p > 0.05) except pH (F = 22.25, p < 0.001) (Figure 4). Soil organic carbon and total nitrogen decrease with the depth of the soil increase. However, the differences of carbon-nitrogen ratios were not significant in each soil layer (F = 3.05, p > 0.05; F = 2.01, p > 0.05; F = 0.001, p > 0.05) (Figure 4). Compared with the moderate grazing plots, long-term fencing grazing significantly reduced soil bulk density by 30.18% and 20.0% in 0–10 cm and 10–20 cm layers, respectively, pH by 6.37% and 3.79%, while significantly increased soil water content by 31.37% and 12.16%, organic carbon by 16.51% and 30.67%, total nitrogen by 13.26% and 15.24%. Conversely, heavy grazing significantly increased soil bulk density by 5.66% and 3.64%, increased soil pH by 5.34% and 6.11%, while significantly decreased soil water content by 7.22% and 14.38%, organic carbon by 14.36% and 15.96%, total nitrogen by 7.18% and 9.87%, in soil layers of 0–10 cm and 10–20 cm, respectively (Figure 4).
[image: Figure 4]FIGURE 4 | Change in soil properties across soil depths. Soil physicochemical properties in three soil layers (0–10 cm, 10–20 cm and 20–30 cm) at the three grazing management types (F: fenced meadows; M: moderate grazing meadows; H; heavy grazing meadows). (A) Soil carbon content (SOC), (B) total nitrogen (TN), (C) carbon: nitrogen ratios (C: N), (D) soil pH, (E) bulk density (BD), (F) soil water content (SWC). Error bars express standard error of the mean (n = 15), different letters indicate significant differences at p < 0.05, ns means no significant difference.
3.4 Relationships between plant community characteristics and soil properties
Axes 1 and Axes 2 in the results of redundancy analysis (RDA) explained 70.85% and 3.10% of the total variations, respectively (Figure 5). In term of Pearson correlation analysis, the results showed that community coverage, above- and belowground biomass, and litter of alpine meadows were significant positively related to soil organic carbon, total nitrogen and water content, and significant negatively related to soil pH and bulk density. There were significant positive correlations among soil organic carbon, total nitrogen and water content. The soil pH and bulk density showed the negative correlations with the soil organic carbon, total nitrogen and water content. Additionally, there were significantly positive correlations among plant community coverage, above- and belowground biomass and litter, but, plant community coverage were not significant related to species richness and plant density. Overall, fencing was positively associated with soil organic carbon, total nitrogen, vegetation coverage, soil water content, above- and belowground biomass; moderate grazing had positive correlation to species richness and plant density; and heavy grazing had positive relationship with soil pH, bulk density and root: shoot ratios (Figure 5; Supplementary Table S2).
[image: Figure 5]FIGURE 5 | The RDA relationship between plant community and soil properties. Redundancy analysis (RDA) of plant community characteristics and soil environmental properties (0–10 cm) in three grazing managements. AGB, aboveground biomass; BGB, belowground biomass; R: S, root: shoot ratios; SOC, soil carbon content; TN, total nitrogen content; C: N, carbon: nitrogen ratios; BD, bulk density; SWC, soil water content. Different numbers represent the different plots in each meadow/treatment. F: fenced meadows; M: moderate grazing meadows; H: heavy grazing meadows.
4 DISCUSSION
4.1 Change in plant community under grazing management
It has been well demonstrated that grazing is a major factor influencing plant community composition and ecosystem functioning in grasslands, such as reduces in plant community cover, above- and belowground biomass (Diaz et al., 2007; Liu et al., 2017). However, there were also other research suggested that the highest community biomass at intermediate grazing condition because of compensatory growth, the interrelation of biomass and grazing intensity is hump-shaped (Patton et al., 2007; Dangal et al., 2016). In this study, long-term fencing caused species composition shifts at community level, increased taller plants with stronger and denser root system (e.g., Elymus dahuricus and Carex capillifolia), which resulted in the highest above- and belowground biomass production. However, we detected a hump-shaped curve for species richness and plant density along the grazing intensity gradient (Figure 2), which was consistent with most previous studies on grazing, generally, low-intensity grazing increases, while high-intensity grazing decreases species richness and plant density (Niedrist et al., 2009; Metera et al., 2010; Niu et al., 2016). These findings fitted well with the hypothesis of intermediate disturbance, which assumes that the highest species diversity occurs at an intermediate level of disturbance (Connell, 1978).
We found an increasing of root: shoot ratios from fenced towards heavily grazed grassland, which is consistent with the previous studies (Pucheta et al., 2004). According to the optimal partitioning hypothesis, plants respond to environmental factors changes by allocating biomass among all organs to acquire water, nutrients and light to achieve the maximum relative growth rate (Chapin et al., 1987; Yang et al., 2010). Generally, plants distribute more biomass to roots in low-nutrient or low-moisture habitats and shift more biomass to shoots in high-nutrient or high-moisture habitats, more belowground biomass will contribute to assimilate nutrient or water at humid sites and dry sites (Yang et al., 2010). Thus, the decreasing of nutrient and moisture induced an increasing of root: shoot ratios from fenced towards heavily grazed meadow in the study. Moreover, the aboveground biomass should be returned to the soils to avoid soil degradation caused by grazing pressure is another reason (Baudron et al., 2014). In addition, we found that long-term heavily intensified grazing increased the proportion of shallow root, which is because the root standing crop is decided by the balance of production and mortality (Phillips et al., 2006; Bai et al., 2015). The impacts of grazing on root biomass could by its effects on root production and mortality, thus, the proportion of shallow root under grazing was higher than that in fenced meadows.
4.2 Change in soil properties under grazing management
Soil properties respond more slowly than plant community properties (cover, diversity, density) and above- and belowground biomass to grazing, thus are usually considered as credible indicators of grazing management (Wang and Wesche, 2016). Our results showed that 16 years of grazing exclusion by fencing positively improved soil organic carbon, total nitrogen and water content, reduced soil pH and bulk density at the 0–10 cm and 10–20 cm soil layer, compared with the moderate grazing, and the results of continuous heavy grazing were opposite. This is because fencing promoted the growth and development of perennial and annual grasses with stronger and denser root systems, which input more carbon into soil and accumulate them, while grazing has decreased this process (Reedera and Schumanb, 2002; Li et al., 2013). Similarly, some researches indicated that fencing can result in a decrease in pH value by accumulating humic acid while the effect of grazing was opposite (Abakumov et al., 2013). And long-term fencing can decrease the outflow of nutrient and energy from soil to plant to livestock, which would lock the abundant nutrients within plants tissues (Harris et al., 2007). Moreover, we found that long-term fencing significantly increased litter layer, which could be another reason to increase soil nutrients. Most litter produced by grasses and accompanied by faster litter decomposition rates in the moister, less dense and more acidic soil of enclosed meadow (Geissen and Guzman, 2006; Pintaldi et al., 2016). In the study, we found that fencing has limited trampling by livestock resulting in obvious decrease in soil bulk density and interception of surface water, however, the effect of heavy grazing exactly contrariwise. Previous studies reported that trampling is a direct effect of livestock grazing on grassland ecosystem, which can cause changes of soil physicochemical properties (Bai et al., 2015). Particularly, heavy intensity grazing led to soil bulk density and sands to increase, and soil nutrients and water contents to reduce (Holt, 1997; Bilotta et al., 2007). Our results also revealed that, soil properties variation in 20–30 cm soil layer were almost insignificant, which maybe because the root distribution was not significant in the soil layer, and most root system was distributed in shallow soil layer which cannot allocate or ingest nutrients in deeper soil (Harris et al., 2007; Bai et al., 2015).
4.3 Mechanistic links between plant community and soil properties under grazing management
Soil is a foundation for the grassland ecosystem. In this study, we found that plant community cover had significantly positive correlation with soil nutrients under grazing management, because the decrease in vegetation cover may speed up soil erosion and increase soil nutrients losses (Wang et al., 2003). Meanwhile, above- and belowground biomass was both significantly positive correlated to soil organic carbon, total nitrogen and water content, and negative correlated with soil pH and bulk density in the study. Fencing can decrease the output of nutrient and energy from soil-vegetation systems to livestock, and which were locked in plant shoot (Harris et al., 2007), then returned to the plant roots (Bardgett and Wardle, 2003; Baudron et al., 2014). Plant root system plays the primary role in regulating the carbon- and nutrient-cycling in the soil. Grazing management changed the aboveground productivity and community compositions to further affect the roots growth (Gao et al., 2008), afterwards, plant root input abundant organic carbon into soil (McCormack et al., 2014), as demonstrated by the positive relation between soil organic carbon and belowground biomass. And the decrease of soil total nitrogen could be due to grazing management, livestock got nutrients across grasslands but release most them in camps (Holst et al., 2007). The reduction of livestock trampling and the increases of underground roots both resulted in improvements of soil texture and bulk density, and increased soil moisture infiltration rate (Bai et al., 2015). Increased bulk density might lead to further loss of nutrients, as shown, the negative correlations between soil bulk density and both soil organic carbon and total nitrogen, especially in humid areas (Bai et al., 2015). The response of soil pH to grazing pressure was positively in most cases, which could be caused by urine deposition (Milchunas and Lauenroth, 1993). In addition, Angers and Caron (1998) indicated that plant roots can improve then on capillary porosity of the soil and promote the formation of water-stable. The study showed that the effects of nitrogen enrichment may be caused by accumulated plant litter (Foster and Gross, 1998). Moreover, besides taller and denser grasss provide shade to forbs and restricts the competition of forbs to light, the thick plant litter was another reason for reduced species richness by inhibiting the establishment of forb seedlings in fenced meadows (Loydi et al., 2013; Borer et al., 2014).
5 CONCLUSION
In summary, compared with moderate grazing, we conclude that long-term grazing exclusion had a positive effect on vegetation restoration as well as nutrient sequestration and grass but had a negative effect on species richness and forb functional group proportion in alpine meadow ecosystem. However, long-term heavy grazing not only decreased community cover, above- and belowground biomass, grass, litter, soil organic carbon and total nitrogen, but also increased the root-shoot ratio and caused root system move to soil shallow layer. Moderate grazing benefit biodiversity conservation and can maintain biomass and soil physicochemical properties at medium level. Therefore, our study indicated that, regardless of long-term fencing or heavy grazing, both of management types have a negative impact on plant-soil system in alpine meadows. In contrast, moderate grazing should be advocated by government agencies and the restoration ecologists. In the future, we hope that our work will provide an instructive advice for the implementation of local government policies in the alpine region of the Tibetan Plateau.
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