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Vegetation patchiness is common in degraded grasslands. Vegetation patchiness enhances the spatial variability of grassland soil organic carbon and total nitrogen. Stripped vegetation patches have a great impact on ecosystem carbon (C) and nitrogen (N) storage. Using field surveys, we examined the effects of patches on the ecosystem carbon and nitrogen storage of four typical alpine grass species patches (viz: Leymus secalinus, Koeleria pers, Stipa aliena, and Leontopodium nanum). The results indicated that ecosystem C, N, and respiration were significantly higher in intact vegetation patches than in stripped vegetation patches. Also, stripped vegetation patches recorded higher quantities of soil gravel content than the intact patches. In Leymus secalinus and Koeleria pers species patches, soil approximately contributed about 62% and vegetation about 38% to ecosystem carbon and nitrogen storage, whereas in Stipa aliena and Leontopodium nanum species patches, close to 80% of ecosystem carbon and nitrogen were found in the soil while close to 20% were stored in the vegetation. Soil total phosphorus (TP), total potassium (TK), available phosphorus (AP), soil microbial biomass carbon (MBC), and soil microbial biomass nitrogen (MBN) were higher in intact vegetation patches than in the stripped vegetation patches. Ecosystem carbon and nitrogen were observed to have a significant correlation with soil gravel content and vegetation productivity. Stripped vegetation patches resulted in decreased plant biomass input and an increased rate of soil erosion. We conclude that grassland patchiness resulted in the decline of ecosystem carbon and nitrogen storage due to a reduction in vegetation input and an increase in soil erosion. Grasslands are likely to have a higher possibility of serving as a C sink if the input of organic matter exceeds its output via sustainable management practices.
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INTRODUCTION
Grasslands are a key part of the global ecosystem that account for a significant portion of Earth’s area and have a major function in influencing climate change by serving as a C sink (Li et al., 2013; Qin et al., 2015). They also have a substantial role in food security by serving as feed for beef and dairy livestock (O’Mara, 2012; Gang et al., 2014). Grassland ecosystems are experiencing increasingly unsustainable land use and climate change which could have catastrophic shifts in their structure and the services they provide (Scheffer et al., 2009; Dakos et al., 2019). Throughout the world, grasslands are said to store carbon in the soil at an estimated rate of 0.5 Pg C per year and this is about one-quarter of the possible soil C sequestration globally (Wu et al., 2014a). The accumulation of carbon is dependent on vegetation productivity, and nitrogen is one of the key nutrients that enhance a plant’s photosynthetic ability (Freschet et al., 2018). Therefore, C sequestration is usually closely linked to soil nitrogen. Hence, studies on soil organic carbon (SOC) and soil N storage are vital for the determination of their possibility for sequestration or emission (Qi et al., 2021). A little change in carbon storage could have a significant effect on CO2 in the atmosphere, and hence, the global C cycle and balance. The enhancement of carbon storage is a vital factor in ensuring grassland ecosystems' sustainability (Wang et al., 2014). All the same, grasslands are considered one of the most altered biomes on Earth (Pineiro et al., 2006). Grasslands are likely to have a higher possibility of serving as a high C sink if the input of organic matter exceeds its output via sustainable management practices; however, many grasslands have low carbon inputs and tend to be poorly managed and degraded (Shrestha and Stahl, 2008).
The Alpine grassland is one of the most vital grassland types and accounts for more than 66% of the grasslands on the Qinghai–Tibetan Plateau (QTP) (Miehe et al., 2019). Over the decades, these grasslands have experienced widespread degradation, leading to a decrease in water retention ability, biodiversity, carbon sequestration, grassland productivity, soil nutrients, and value for recreation (Bao et al., 2019; Li et al. ,2013; Lü et al., 2016; Qin et al., 2014; Zhang et al., 2016). However, high-altitude terrestrial ecosystems are regarded as major constituents of the global cycles of carbon and nitrogen (Lozano-García et al., 2016; Zhang et al., 2018). The top soils of these ecosystems have substantial amounts of SOC, soil nitrogen (TN), root carbon, and nitrogen (Jia et al., 2017). These ecosystems, to a high degree, are fragile and susceptible to external effects such as overgrazing, burrowing activities of mammals, and soil erosion which often lead to patchiness (Gao et al., 2009; Qin et al., 2014). As a result of these disturbances, intact vegetation would be isolated into archipelagos of small fragments and regenerating bald patches embedded in matrixes (Akiyama and Kawamura, 2007). This patchiness results in a reduction in ecosystem carbon and nitrogen storage (Nie et al., 2013; Haddad et al., 2015) and increased spatial variability of the distribution of carbon and nitrogen (Yan et al., 2016).
Patchiness can indicate the state and functionality of ecosystems (Heras et al., 2011); patches with different sizes and types indicate major differences in biomass, soil moisture, and properties (Chen et al., 2017; Qin et al., 2019). Therefore, obtaining an insight into the effects of patchiness on ecosystem N and C storage is a vital step in disclosing the process and mechanisms of the degradation of grasslands (Lin et al., 2010). Multi-scale research of patch patterns is one of the central directions of landscape ecology. Even though field surveys and remote sensing have been used to a greater extent in studies of patch patterns at plot and landscape scales, there is a lack of research on small-scale patchiness and its effect on ecosystem N and C accumulation. It would be pragmatic to identify signals for grassland state shifts by exactly discovering pertinent patch attributes and their specific variations along the entire stages of degradations. This would serve as an essential monitoring tool if it could be done by direct and simple vegetation measurements at small spatial scales.
Many studies have been conducted on species composition, biomass, and nutrient concentrations during the degradation succession of grasslands (Chen et al., 2013; Dong et al., 2013; Babel et al., 2014; Hopping et al., 2018). All the same, few studies have been conducted to provide information on the effects of patchiness on grassland ecosystem carbon and nitrogen storage which play vital roles in regional and global C and N cycles. This study aimed to examine the patchiness characteristics of four typical alpine grass species patches and their effect on ecosystem carbon and nitrogen storage. This work, thus, shows how a ground-based small-scale vegetation survey can provide easy-to-use ways for determining patch characteristics and effects of patchiness on grassland C and N storage.
MATERIALS AND METHODS
Study area
The study area is located in the alpine grasslands of the Qilian Mountains in Zhuaxixiulong Township in the Tianzhu Tibetan Autonomous County of Gansu Province of China. The area has a typical alpine climate and is usually cold and wet for most parts of the year. It also has weather conditions such as thin air with low oxygen concentrations, high solar and high ultraviolet radiation, and an annual temperature of about −4.0°C (Zhang et al., 2015). The site has big mountains with steep slopes (Yao and Zhen, 2017). Four typical alpine grass patches were selected, namely, Koeleria pers patch (KP), Leymus secalinus patch (LS), Leontopodium nanum patch (LN), and Stipa aliena patch (SA). The area has four typical alpine grassland types, viz, alpine swamp meadow, alpine meadow, alpine steep meadow, and alpine steep (Qin et al., 2014). A map indicating the study area and sampling location is shown in Figures 1, 2 is a picture of the four typical alpine grass species patches and a bare patch.
[image: Figure 1]FIGURE 1 | Map indicating the study area and sampling location.
[image: Figure 2]FIGURE 2 | Picture of selected alpine grass species patches; (A) Leontopodium nanum (B) Stipa aliena, (C) Leymus secalinus, (D) Koeleria pers, and (E) the grassland showing a bare patch.
Field sampling
Field sampling was conducted along a transect that traversed the typical vegetation within the area. A total of 12 locations were selected among the KP, LS, LN, and SA patches with each having three locations. Locations with flat slopes of <4° were selected. The grasslands within these locations are used for grazing, usually from May to June and September to October. For each grassland type, three types of patches were delineated: intact vegetation patches (IGP), large stripped vegetation patches (LBP) with a diameter of 4–10 m, and medium stripped patches (MBP) with a diameter of <1–3.5 m. A total of 12 sampling locations were established and 90 soil core samples were taken in each location encompassing the three different patches in the selected types of grasslands. In total, 1,080 soil samples were taken at depths 0–10, 10–20, 20–30, and 30–40 cm with a core sampler (5 × 5 cm). Sampling in each patch was conducted between the end of July and the middle of August when vegetation growth was at its peak. Soil bulk density was estimated using the same core sampler (undisturbed soil). A total of three 50 cm × 50 cm quadrats were randomly established in each patch type and above and below-ground biomass was taken. Patches with different sizes were measured along the transect in each sampling location and on each surface type, and cover fractions of the patches were then calculated. Ecosystem respiration was estimated using an automated soil CO2 flux system (LI-800A, LI-COR Inc., Lincoln, United States). PVC collars (20 cm diameter and 15 cm height) were inserted into the soil to a depth of about 10–12 cm. Measurements were made among the four typical alpine grasslands with a total of 12 subplots within each patch surface. All measurements were made on sunny days.
Laboratory analysis
Soil samples were sent to the laboratory, air-dried, sieved via a wire mesh to remove unwanted particles such as roots and debris, and used for the determination of SOC and TN. Samples for below-ground biomass were washed in a fine wire mesh after which roots were then oven-dried and weighed. Oven-dried vegetation samples and root samples were grounded and sieved for analyzing organic C and TN. Organic C quantity in all samples was determined via dichromate oxidation using Walkley–Black acid digestion. TN in all the samples was determined by digestion and then tested using a flow injection analyses system (FIAstar, 5000, Foss Inc., Sweden) (Sparks et al., 1996).
Soil microbial biomass C and N were determined using the fumigation-extraction method (Wu et al., 1990). A total of 20 g of wet soil (dry weight basis) was fumigated by placing it in a sealed vacuum desiccator containing alcohol-free CHCl3 vapor for 24 h. The fumigated base was repeatedly discharged in an aseptic, empty desiccator until the scent of CHCl3 was no longer detectable, and then extracted with 80 ml of 0.5 M K2SO4 (soil: K2SO4 = 1:4) for 30 min. The extraction of non-fumigated soil was the same as that of fumigated soil. Soil microbial biomass C and N were calculated as the difference between total organic C and total N in the fumigated and non-fumigated extracts, respectively, with a conversion factor (KEC) of 0.38 and (KEN) of 0.45 (Jenkinson, 1988; Joergensen, 1996).
Estimation of SOC, TN, EC, and EN
The soil organic carbon and nitrogen were calculated as follows:
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where SOC is soil organic C (kg m−2), TN is soil total N stocks (kg m−2), ρ is the soil bulk density (g cm−3), σ gravel is the relative amount of gravel (% w/w), CSOC is the soil organic C concentration (g kg−1), CTN is the soil total N concentration (g kg−1), and Di is the soil thickness (cm) at depth i, i = 1……….4.
The plant and root carbon and plant and root nitrogen stocks were calculated as
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where PC/RC is the plant/root C stocks, PN/RN is the plant/root N stocks, PB/RB is the plant/root biomass (g m−3/kg m−2), C P/R is the plant/root C concentration (g kg−1), and N P/R is the plant/root N concentration (g kg−1).
Total ecosystem carbon and nitrogen stocks (kg m−2) were calculated as
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where EC is ecosystem C (kg m−2), SOC is soil organic C (kg m−2), PC is plant carbon (kg m−2), RC is root carbon (kg m−2), EN is ecosystem nitrogen (kg m−2), TN is soil total nitrogen (kg m−2), PN is plant nitrogen, and RN is root nitrogen (kg m−2).
Data analysis
Data on gravel content, cover fraction, plant and root biomass, soil nitrogen, plant and root N, ecosystem carbon and nitrogen stocks, and soil physicochemical parameters were analyzed via a one-way ANOVA with the least significant difference at 5%. The relationship between ecosystem carbon and nitrogen with plant and root biomass and gravel content was analyzed via regression analysis. All statistical analyses were carried out using SPSS software version 21 (IBM Corp., Chicago, IL, United States). Principal component analysis was carried out to evaluate the effect of vegetation patchiness on ecosystem C and N. Figures and tables were drawn using Microsoft Office Word 365 and GraphPad Prism 6 (GraphPad Software, Inc., San Diego, CA, United States).
RESULTS
Cover fraction of patch types, soil gravel, and plant biomass
Vegetation patterns and patch features varied amongst the various grassland types. The intact and stripped vegetation patches mosaic co-existed within the various grassland types. The average cover fractions of intact, large, and medium stripped vegetation patches constituted approximately 58–80%, 10–12%, and 11–30%, respectively, of the total area of KP and LS grass patches (Figure 3A). On the other hand, intact, large, and medium stripped vegetation patches contributed close to 34, 58, and 8%, respectively, of the total field of LN and SA grass patches (Figure 3A). In all, the KP patch recorded significantly low amounts of gravel content than the rest. For each of the selected grass types, the intact vegetation patch had less gravel content than those in stripped vegetation patches (Figure 3B). In each of the different patches, there were sharply varied productivity levels in all grass types. Intact vegetation patches recorded significantly higher biomass of both plants and roots than the rest of the patches (Figures 3C,D).
[image: Figure 3]FIGURE 3 | Cover fraction (A), soil gravel (B), plant biomass (C), and root biomass (D) in each of the various patches of the four alpine grass species types. Bars with different letters show significance at p < 0.001. IGP; intact vegetation patch, LBP; large stripped vegetation patch, MBP; medium stripped vegetation patch, KP; Koeleria pers patch, LS; Leymus secalinus patch, LN; Leontopodium nanum patch, SA; Stipa aliena patch.
Ecosystem C and N storage and respiration
The intact vegetation patches in all the grassland types recorded higher SOC and TN stocks than the other patches (Figures 4A, 5A). In addition, the intact vegetation patches in all the selected grass types had significantly higher above-ground biomass C and N, root C and N, ecosystem carbon, and nitrogen than that of the large and medium stripped vegetation patches (Figures 4B–D, Figures 5A–D). Also, ecosystem respiration was higher in the intact vegetation patches than in the stripped ones. KP and LS grass patches recorded significantly high amounts of soil respiration as compared to the rest (Figure 6).
[image: Figure 4]FIGURE 4 | Soil organic carbon (A), plant carbon (B), root carbon (C), and ecosystem carbon (D) in each of the selected patches. Bars with different letters show significance at p < 0.001. IGP; intact vegetation patch, LBP; large stripped vegetation patch, MBP; medium stripped vegetation patch, KP; Koeleria pers patch, LS; Leymus secalinus patch, LN; Leontopodium nanum patch, SA; Stipa aliena patch.
[image: Figure 5]FIGURE 5 | Soil total nitrogen (A), plant nitrogen (B), root nitrogen (C), and (D) ecosystem nitrogen storage in the selected patches. Bars with different letters show significance at p < 0.001. IGP; intact vegetation patch, LBP; large stripped vegetation patch, MBP; medium stripped vegetation patch, KP; Koeleria pers patch, LS; Leymus secalinus patch, LN; Leontopodium nanum patch, SA; Stipa aliena patch.
[image: Figure 6]FIGURE 6 | Ecosystem respiration of the various grass species patches. Bars with different letters show significance at p < 0.001. IGP; intact vegetation patch, LBP; large stripped vegetation patch, MBP; medium stripped vegetation patch, KP; Koeleria pers patch, LS; Leymus secalinus patch, LN; Leontopodium nanum patch, SA; Stipa aliena patch.
Soil C and N added approximately 78% and 83% of total ecosystem C in LN and SA, respectively, and 69% and 77% of total ecosystem N in LN and SA, respectively (Table 1). Above-ground biomass contributed the lowest to ecosystem total C and N in all types of grasslands. Similarly, root C and N contributed closely to 38% for KP and LS, 21% and 29% for LN, and 15% and 22% for C and N in SA (Table 1).
TABLE 1 | Distribution of ecosystem carbon and nitrogen among soil and vegetation.
[image: Table 1]Relationship between ecosystem C and N storage, gravel content, and vegetation productivity
The study indicated that ecosystem carbon and nitrogen had a strong relation with soil gravel and above and below-ground biomass. There was a significant negative correlation between ecosystem carbon and nitrogen and soil gravel content (Figures 7A,B). However, ecosystem carbon and nitrogen stocks had a positive correlation between plant biomass (Figures 7C,D) and root biomass (Figures 7E,F), indicating that vegetation productivity had an impact on ecosystem carbon and nitrogen storage. Principal component analysis (PCA) was conducted to examine the effects of vegetation patchiness on ecosystem C and N storage (Figures 8A,B). Principal component 1 (PC 1) explained 73.27% while principal component 2 (PC 2) explained 15.38% of the total variations. Principal components 1 and 2 explained 88.65% of the variance. All vegetation and soil parameters within the intact and medium grass vegetation patches were on the positive side of PC 1 except for the cover fraction in LBP and MBP and gravel. SOC, root, and plant C and N were strongly positively correlated with ecosystem C and N. Gravel content, cover fraction in LBP, and MBP were negatively correlated with ecosystem C and N. The KP patch had strong positive loadings while the LS patch had strong negative loadings on PC 1. On PC 2, all patches except the LS patch had strong positive loadings, indicating that vegetation patchiness strongly influenced ecosystem C and N storage.
[image: Figure 7]FIGURE 7 | Relationship between ecosystem carbon (A) and nitrogen storage (B) with gravel, ecosystem carbon (C) and nitrogen storage (D) with plant biomass and ecosystem carbon (E) and nitrogen storage (F) with root biomass. p < 0.001. IGP; intact vegetation patch, LBP; large stripped vegetation patch, MBP; medium stripped vegetation patch.
[image: Figure 8]FIGURE 8 | Principal component analysis (A) score plot and (B) biplot based on the effect of grassland patchiness on ecosystem C and N storage in four typical alpine grass species patches. KP; Koeleria pers patch, SA; Stipa aliena patch, LN; Leontpodium nanum patch, LS; Leymus secalinus patch. Cover F LBP; cover fraction in large stripped patch, Cover F IGP; cover fraction in intact grass patch, Cover F MBP; cover fraction in medium stripped patch, SOC IGP; soil organic carbon in intact grass patch, SOC LBP; soil organic carbon in large stripped patch, Plant bio IGP; plant biomass in intact grass patch, Plant N IGP; plant nitrogen in intact grass patch, EN IGP; ecosystem nitrogen in intact grass patch.
Variations in soil physicochemical parameters
Soil bulk density was lowest in the intact vegetation patches than in the medium and large stripped vegetation patches across all grassland types. Soil TP, TK, and AP were highest in the intact vegetation patches than in the medium and large stripped vegetation patches within all the selected grassland types and decreased with increasing depth. Soil AK did not follow a similar trend as that of TP, TK, and AP; it varied across the selected patches. The KP grass patch recorded the highest values of soil TP, TK, AP, and AK than the rest of the grassland types. It equally recorded the lowest value of soil bulk density. Similarly, soil MBC and MBN were equally higher in the vegetation patch than in the medium and large stripped vegetation (Table 2).
TABLE 2 | Variation of soil physicochemical parameters within the selected patches.
[image: Table 2]DISCUSSION
Factors responsible for vegetation patchiness
The alpine grassland in the QTP is composed of three defined attributes which are vital for its ecosystem’s grassland sequence: a mattic epipedon layer (Dai et al., 2020), an active permafrost layer (Yin et al., 2017), and a non-uniform rainfall distribution (You et al., 2014). These distinct attributes lead to a unique eco-hydrological process (Wang et al., 2012). These features can increase the degradation of alpine grasslands in the QTP. They could also lead to the expansion of bald patches via the destruction of the mattic epipedon layer at the interface between bald and vegetation patches (Chen et al., 2017) to form desertification lands and thermokarst lakes (Wang et al., 2018).
In arid regions, self-organized patchiness is the resultant effect of positive feedback between vegetation growth and water availability (Chen et al., 2017). Higher vegetation density enhances water infiltration and lowers its evaporation (Qin et al., 2019). On the Qilian Mountains, alpine swamp meadow and alpine meadow grasslands are primarily located within sub-stable and transition permafrost fields which have high soil moisture and low temperature while alpine steppe meadow and alpine steppe grasslands are mainly situated in unstable permafrost and seasonal frozen soil areas which have low soil moisture and high soil temperature (Wang et al., 2016). The modification of soil hydrothermal attributes induced by surface permafrost-free thaw processes (You et al., 2017) may account for the form and patchiness of the vegetation. In addition, the major kind of land use of the alpine grassland is grazing which also serves as a habitat for wild mammals. The overall effect of grazing, trampling by livestock, and burrowing activities of small mammals are regarded to be contributing factors to the formation of patchiness (Gao et al., 2010; Qin et al., 2018). Soil texture and topography can alter the redistribution of soil water content and hence affect vegetation patterns (Hais et al., 2016; Zhang and Yao, 2016). Therefore, soils with drier surfaces are not optimal for the survival of continuous vegetation patches (Qin et al., 2015; Chen et al., 2017).
Effects of patchiness on ecosystem C and N storage
The results of the study indicated that patchiness in the typical alpine grass species led to a considerable decrease in ecosystem carbon and nitrogen storage which are in agreement with studies by Yi et al. (2016) and Zhang et al. (2019). The increasing soil output via erosion exceeds the input of organic matter which may have accounted for the decline in ecosystem carbon and nitrogen storage. This is so because stripped vegetation patches result in increased erosion and gravel content in the soil which is not useful for vegetation growth (Chen et al., 2017). There were significant variations in the decline of ecosystem carbon and nitrogen within the selected patches. Furthermore, there was a substantial decline in ecosystem carbon and nitrogen in KP and LS than in LN and SA (Figure 4D, Figure 5D). The results indicated that ecosystem carbon and nitrogen distribution and storage are mainly reliant on the form and structure of the vegetation. Close to 62% of ecosystem carbon and nitrogen was found in the soil and 38% in vegetation for KP and LS. On the other hand, more than 80% of ecosystem carbon and nitrogen was found in the soil while less than 20% in vegetation for LN and SA. Studies have shown that alpine grassland ecosystem C is highly vulnerable with a significant quantity of easy cycling carbon but has a lesser quantity of resistant carbon (Chen et al., 2016b). Vegetation degradation leads to increased organic matter decomposition rates as a result of limited moisture and greater availability of oxygen (Wu et al., 2012; Chen et al., 2017). It is a fact that vegetation productivity impacts ecosystem carbon and nitrogen greatly (De Deyn et al., 2009; Zhang et al., 2019) and our findings are consistent with this fact. Our findings show there was a significant positive correlation between ecosystem carbon and nitrogen and plant and root biomass (Figures 7C–F). The decomposition of litter is considered the major source of soil C and N. A substantial decrease in vegetation production due to patchiness accounted for the decline of ecosystem carbon and nitrogen storage. However, there was a significant negative correlation between ecosystem carbon and nitrogen and soil gravel content (Figures 7A,B). These results are in sync with previous studies (Qin et al., 2015; Qin et al., 2018). Also, the results indicate there were significantly high levels of gravel in stripped vegetation patches compared to that of intact vegetation patches (Figure 3B) which are consistent with the findings by Qin et al. (2015). The literature shows that most of the alpine grasslands of QTP have thin soils and contain a significant quantity of gravel (Qin et al., 2015). Grassland soils contain a significant amount of soil organic carbon and total nitrogen in the topsoil and for that matter, ecosystem carbon and nitrogen are susceptible to soil erosion once the soil is exposed (Nie et al., 2013; Liu et al., 2012). As soon as the topsoil is carried away by water and wind erosion, ecosystem carbon and nitrogen are lost (Lin et al., 2014). During the growing season, runoff is capable of carrying away significant nutrients and top tiny pieces of soil due to less plant biomass in stripped vegetation patches (Bertol et al., 2003). This leads to the expansion of stripped vegetation patches and its resultant effect on vegetation productivity, hence, is a decline in ecosystem carbon and nitrogen storage. Bald patches facilitate the establishment of biological and physical crusts (Assouline et al., 2015). The bald patches reduce water infiltration ability and worsen water stress of the remaining vegetation (Thompson et al., 2010). Degraded grasslands are extremely fragmented with the area of grassland patches endlessly reducing while their spatial isolations increase (Krauss et al., 2004). Habitat fragmentation is a threat to biodiversity and leads to a reduction in species richness within small and isolated habitat patches (Ouborg et al., 2006). Large intact vegetation patches are certainly a vital key for the maintenance of some vital ecological processes (Watson et al., 2018) and biodiversity conservation (Gibson et al., 2011). Nonetheless, Wintle et al. (2018) indicated that several species could be lost if small, isolated patches of remnant habitats were ignored and conservation efforts centered mainly on large, intact, and highly connected areas. The make-up and functionality of the soil microbiome are governed by soil abiotic factors such as pH, texture, and nutrient and moisture availabilities (Maestre et al., 2012; Maestre et al., 2015; Ochoa-Hueso et al., 2018), which are susceptible to soil erosion. Erosion is regarded to negatively affect microbial biomass abundance, and make-up by modifying natural soil features and taking away the vegetation protective cover (Mabuhay et al., 2004; Li et al., 2015; Hou et al., 2014). Successively, all of these modifications may change the turnover and availability of soil nutrients and soil functionality.
To combat degradation and promote restoration, socio-ecological solutions are required. Increasing grassland awareness in global policy; generating standardized degradation indicators; leveraging scientific innovation for effective restoration at regional and landscape sizes; and improving information transfer and data sharing on restoration experiences are all important measures. The possible ecosystem service trade-offs in degraded and regenerated grasslands can be balanced by systematic assessment and common awareness of stakeholder needs. Integrating these efforts into a sustainability strategy will help to slow degradation and improve restoration success, while also protecting the socioeconomic, cultural, and ecological benefits that grasslands bring (Bardgett et al., 2021).
To improve the assessment of grassland deterioration and propose unique methods for restoration and sustainable grassland management, environmental research innovations must be created and implemented. Remote sensing advances on a global and regional scale have the ability to assess the extent and condition of grasslands and inform the spatial targeting of large-scale restoration operations. For example, maps of general degradation indicators, such as primary productivity, standing biomass, soil moisture, phenology, and soil organic carbon (Bardgett et al., 2021; Schweiger et al., 2018) could be combined with spatial information on climate, edaphic, and socio-economic data to identify national and global patterns of grassland degradation and pinpoint locations where restoration efforts could have the greatest impact.
The accumulation of SOC with grassland development promotes ecosystem nitrogen retention, resulting in the accumulation of soil total nitrogen. The increased vegetation biomass and decreased soil erosion in long-term vegetation restoration lead to an increase in above-ground and underground carbon inputs, which may be the main factors contributing to soil carbon and nitrogen sequestration (Bardgett et al., 2021). Paddock-scale measurements over 10 years with variable weather conditions in Switzerland also highlighted the need to minimize fallow periods following sward renewal to avoid carbon losses (Ammann et al., 2020). McNally et al. (2015) estimated that increased root mass and rooting depth for a sward with seven species compared with conventional ryegrass/clover could increase soil carbon inputs to a depth of 0.3 m by up to 1.2 tC ha−1. Moderate grazing, dung returns, introducing legumes, increasing sward diversity rotational grazing, and lower grazing or cutting intensity can minimize carbon losses, maintain carbon stocks, and mitigate greenhouse gas emissions (Wang and Fang, 2009; Whitehead, 2020).
Effect of stripped vegetation on soil physicochemical properties
Stripped vegetation could cause micro-climate features such as soil temperature, water, availability of light, airflow, and nutrients, affect plant physiological processes, and finally influence the growth of individual plant communities (Anderson and Leopold, 2002). The micro-climate is modified by stripped vegetation which in turn influence above and below-ground productivity and soil microbial decomposers, which may finally affect soil chemical properties (Sariyildiz, 2008). Our results show that soil TP, TK, and AP were higher in vegetation patches than in the medium and large stripped vegetation patches. The decreased litter decomposition in the large stripped vegetation patches could account for the reduction in soil P and K. Furthermore, the decrease in litter/root decomposition and the enhanced nutrient volatilization in large stripped vegetation patches tend to decrease soil P, K, and N concentrations (Scharenbrock and Bockheim, 2008). The results of this study are in line with that of Zhou et al. (2017). The lower plant biomass and its attendant low SOC in the stripped vegetation patches could account for the low MBC and MBN. Soil erosion takes away the top fertile soil and nutrients which support microbial habitats and soil ecosystem services resulting in a reduction in productivity (Van Oost and Bakker, 2012; FAO, ITPS, 2015). Grassland degradation can influence soil microbes in several ways. It often decreases SOC greatly (Liu et al., 2018), which in turn decreases microbial abundance and subdues soil microbial activity.
CONCLUSION
The research examined the features of grassland patches and estimated the effects of patchiness on ecosystem carbon and nitrogen storage via a field survey. The results indicated that there were variations in patchiness among the different typical alpine grass species patches. Our results suggested that stripped vegetation patches led to an increase in soil gravel content. Also, patchiness led to a substantial decline in ecosystem carbon and nitrogen. The reduction in plant biomass input and the increase in soil erosion due to stripped vegetation patches accounted for the vast decline in ecosystem carbon and nitrogen.
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LBP 093 £ 0.03b 032£006f 1242005 1048 + 0.25¢ 21071 £525f 20547 £ 624d 10.13 + 0.07¢
MBP 0.83 £ 0.05d 042£008d 1514 £007b 1648 +045b 22121 £645d  280.62 + 7.84c 1279 + 0.15d
IN  IGP 079 £ 0.03d 060 £006c 1528 +0.12b 1857 + 0.60a 23929 +764b 21544 % 634d 10.22 + 0.05¢
LBP 096 + 0.02a 029 £004f 1245+ 005 1035 + 0.25¢ 21071 + 625 18073 + 7.16f 7.23 £ 0.03g
MBP 0.88 £ 0.04c 039£006e  1518£004b 1659 +0.15b 23071 £9.15¢ 19825 + 62le 9.28 £ 001f
A IGP 081 £ 0.04d 061£007c 1523+ 008b 1598 +0.61b 23229 +664c 29845 + 8.74c 1281 £ 0.14d
LBP 095 £ 0.07a 031£004f 1248+ 01lc  1152£025d 20971 £425f  199.14 + 7.1le 922 % 0.05f
MBP 0.89 £ 0.06¢ 042£006d  1512£006b 1479 + 045 23071 +645¢ 20566 + 524d 1195 + 0.12d
KP  IGP 20-30cm 082 + 0.01d 050 £005% 1619+ 105 1468 £ 050 21929 +834a 30411 £ 875 965+ 0.07a
LBP 0.93 £ 0.04b 0374002  1102£008c 1049 £037b 20129 %524d 19034 +6.22¢ 6.83 % 0.03¢
MBP 0.88 +0.05¢ 042£005b 1609+ 007a 1359 +025 21171 £725c 25867 + 7.13¢ 7.21 £ 0.08d
s IGP 0.83 £ 0.04d 049 £0050  1512£006b 1458 +049a 21529 +66db 27581 +7.33b 9.86 % 0.052
LBP 102 +0.01a 030£007d  10.12£011d 979 +0.25bc 19931 £7.15¢ 18072 £ 524d 692 % 0.03¢
MBP 0.89 £ 0.04c 039£004b  1508+002b 1359 +0352 21041 £835c 19046 + 6.14c 7.42 % 0.05d
IN  IGP 0.84 £ 0.06d 041£002b  1512£009b 1458 £ 0.4la 21629 +564b 18567 % 674d 823 £ 0.09b
LBP 121 £ 0.09 027 £005¢ 1023 £015d 949 0.25bc 19811 +6.15¢ 13681 £512fg 643 + 0.03¢
MBP 091 £ 0.02b 030£003d  1511£005b 1369 +015 21031 £735c  149.62 + 534f 7.01 £ 0.02d
A IGP 091 £ 0.06b 042£003b 1510 £008b 1379 + 0422 21349 £ 83dbc  199.48 + 4.84c 979 £ 0.04a
LBP 126 +0.07a 029£006e 1121+ 00dc  9.19 +025¢ 20021 £555d  150.18 + 3.69F 658 £ 0.01e
MBP 0.96 % 0.02b 033£002d  1508+0.13b 1329 +045ab 20951 £ 845c 16844 + 5.58¢ 7.93 % 0.06¢

KP; Koeleria pers patch, LS; Leymus secalinus, LN; Leontopodium nanum patch, SA; Stipa aliena patch, IGP; intact grass patch, MBP; medium stripped grass patch, LBP; large stripped grass
patch, BD; bulk density, TP; total phosphorus, TK; total potassium, AP; available phosphorus, AK; available potassium, MBC; soil microbial biomass, MBN; soil microbial biomass nitrogen.

Means with standard error, figures with different letters show

ficant difference.
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