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    Introduction

 It is essential to understand plant adaptive strategies on plant stoichiometric traits at the species level rather than at the community level under various environmental conditions across the Tibetan Plateau (TP).

 
  Methods

 Here, plant community function and edaphic and meteorological factors were collected at 111 sites along an extensive water–heat gradient during the peak growing season in 2015. Community-weighted mean trait (CWM) was introduced to illuminating dynamics of the functional trait at the community level.

 
  Results

 Our results indicated that plant functional traits, including CWM-leaf total carbon (CWM_LTC), CWM-leaf total nitrogen (CWM_LTN), and CWM-leaf total phosphorus (CWM_LTP), showed similar and comparatively marked increases from alpine meadow (AM) to alpine steppe (AS). Moreover, since the tightly coordinated variation among each plant functional trait of AM was higher than that of AS, a more stable coupling mechanism of these plant functional traits could be observed in AM under a long-term evolutionary habit. Specifically, there was higher annual mean precipitation (AMP) in AM than that in AS significantly (P < 0.01), and AMP was significantly correlated with soil moisture and soil total phosphorus in AM. Generally, our findings suggest that precipitation determines divergent coupling plant community function in both AS and AM.
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   1. Introduction.

 Ecosystem processes, material cycling, and energy flow relied on the species and functional composition of ecosystems, especially in certain plant communities (Hooper et al., 2005; Suding et al., 2008). Plant functional traits were commonly utilized to evaluate the ecosystem health, resilience, and other important facets of ecosystem functions (Sun et al., 2022). Essentially, the plant functional traits were generally considered to be a species adaptive outcome within a differentiated environment. And the range of functional trait values was shaped by these adaptive processes through habitat filtering or interspecific competition for available resources within communities (Faucon et al., 2017). Specifically, it not only reflects the survival strategies of plants in response to changes in their habitats to explore the linkage between plant functional traits and environmental variables but also enables accurate estimation of processes and functions in multiple ecosystems (Lavorel et al., 2007; Funk et al., 2017). This issue has become one of the most popular ecological research hot spots at different spatial and temporal scales (Díaz and Cabido, 2001; de Bello et al., 2010; Bjorkman et al., 2018), for it offers precise measurements of many ecosystem processes and responses directly or indirectly revealing from individual to ecosystem-level functions (Kremen, 2005; Suding et al., 2008). Plant functional traits have been proposed as a direct way of predicting changes in ecosystem processes through the changes in plant communities in responding to global change factors (Fortunel et al., 2009). In the previous studies, they have suggested that plant functions can impart ecosystem resistance and resilience to climate extremes, especially when the number of species with traits associated with escape strategies is high (McDowell et al., 2008; Griffin-Nolan et al., 2019). Thus, it is essential to conduct consistent and accurate measurements for exploring the linkage between plant functional traits and ecosystem functions, especially with the growing threat of climate change and human disturbance (Imbert et al., 2020; Schlickmann et al., 2020). Previous research has demonstrated that the community-weighted mean trait (CWM) could reflect the anticipant trait value of a randomly sampled individual from a community (Garnier et al., 2004), and it described the conditions of plant community function, which can not only the track plant adaptive strategy to the changing environment but also play important roles in shaping ecosystem functions (Liu et al., 2020). Therefore, it will be a more comprehensive way to study the coupling patterns and driven mechanisms of community plant function along natural water and heat gradients by CWM.

 Ecological stoichiometry, as a set of important plant functional traits, could be used to characterize coupling relationships of plant community functions. As we know that the complicated interactions among C, N, and P were performed in terrestrial ecosystems, plant growth was basically a process of maintaining its own stability by accumulating elements (mainly C, N, and P) and adjusting their relative proportions (Dai et al., 2022). Furthermore, green leaves were responsible for the functioning of terrestrial plants from individual to community, and leaf N, P, and N:P ratio were core leaf traits that played critical roles in plant survival, growth, and development (Wright et al., 2004; Wright et al., 2005). Currently, terrestrial C and N coupling has received gradually increased attention due to intensifying N limitation on future carbon sequestration in terrestrial ecosystems (Reich et al., 2006). Apparently, the balance among C, N, and P exerted a profound impact on diverse plant functions, which was able to quickly respond to the dynamics of nutrient supply via its physiological adaptability. Previous studies have explored the coupling patterns of plant N and P (Zhou et al., 2020), leaf N and P (Li et al., 2022), and root N and P in alpine grassland (Ma et al., 2020). And they have illustrated that water and heat play a crucial effect in determining the coupling and decoupling process of C, N, and P biogeochemical cycles. As mentioned above, there is still a lack of a comprehensive way to study the coupling patterns and driven mechanisms of community plant function, in which CWM might be a viable pathway.

 The Tibetan Plateau (TP) has a wide water and heat gradient from east to west, making it an ideal region to explore the coupling patterns and underlying mechanisms of plant community function across alpine grassland. Additionally, CWM was introduced to better explain the functional trait variations at the community level. Hence, we hypothesized that precipitation determines the coupling mechanism of the plant community function across alpine grassland in the TP. A transect survey was conducted along water and heat gradients across the TP. Moreover, plant C, N, and P in communities, together with edaphic and meteorological factors, were measured to test our assumption. The objectives of this study are as follows: 1) manifest the coupling patterns of plant functional traits across the whole transect region and 2) reveal the internal mechanisms among meteorological factors, soil resources, and plant community function of the proven coupling performance over the TP.

 
  2. Materials and methods.

  2.1. Study area.

 As the third pole of the world, the TP is a sensitive and vulnerable ecosystem to global climate change with a wide altitude of 3,030–5,000 m (Zhou et al., 2021). The area of the TP is about 2.5 million km2, covering Tibet, Qinghai, Sichuan, and Gansu province (79°58′-102°46′E, 28°55′-37°19′N) (Sun et al., 2018). Due to the complex geographical and geomorphological environment, the precipitation and temperature of this region are characterized by dynamic gradients with a mean annual precipitation of 114–992 mm and mean annual temperature of -4.41°C to 6.33°C (Sun et al., 2020). Furthermore, precipitation is mainly concentrated in the growing season from May to September, and the average monthly temperature varies significantly, with the coldest and warmest month occurring in January and July, respectively (Zhou et al., 2021). According to the grassland classification in China, the TP has almost all grassland types, two of which are alpine meadow (AM) and alpine steppe (AS) as the hot spots concerned by government and researchers (Sun et al., 2019). The AM in the research area is dominated by Kobresia tibetica, Stipa capillata, and Carex lasiocarpa, while the AS is dominated by Stipa purpurea, Stipa subsessiliflora, and Carex sutschanensis. The soil type is mainly classified as alpine meadow soil in AM and subalpine steppe soil in AS.

 
  2.2. Sample collection and analysis.

 From July to mid-August 2015, an approximately 5,000-km-long transect survey was conducted during the plant growing season across the whole natural alpine grasslands in the TP. A total of 111 sites were investigated along the transect covering two grassland types, including AM and AS ( Figure 1 ). At each site (10 m × 10 m), three plots (0.5 m × 0.5 m) were randomly sorted with similar topography. The species information was identified for all species, and the vegetation coverage, vegetation density, and plant height were measured within each plot. The plant samples were harvested by clipping the aboveground part according to different species, then sun-drying was applied in the field and oven-drying was performed at 65°C in the laboratory until a constant weight was achieved. After grounding the dried plant samples by a ball mill (NM200; Retsch, Haan, Germany), the leaf total carbon (LTC) and leaf total nitrogen (LTN) were measured using a Vario MACRO cube elemental analyzer (Elementar Analysensysteme GmbH, Germany), and leaf total phosphorus (LTP) was measured using phosphor molybdate blue spectrophotometry (He et al., 2008). Moreover, soil samples were collected using a soil auger to determine soil properties at the 30-cm soil depth. After being air-dried and sieved using 2-mm mesh, the soil samples were carefully handpicked to extract the surface organic materials and fine roots for the analysis of soil physical and chemical properties. Then, each mixed soil sample was divided into two parts: one part was oven-dried at 105°C to a constant weight to test the gravimetric soil moisture (SM) and soil bulk density (SBD); the other was grounded in a ball mill for the analysis of soil total organic carbon (SOC), soil total nitrogen (STN), soil-available nitrogen (SAN), soil total phosphorus (STP), and soil-available phosphorus (SAP). Soil properties were measured according to all standard protocols (Bao, 2000).

  

 Figure 1 | Locations and landscape of the sampling sites across the Tibetan Plateau. 

 

 
  2.3. Meteorological data.

 Meteorological factors of annual mean temperature (AMT) and annual mean precipitation (AMP) were spatially interpolated by the Anusplin 4.2 (Centre for Resource and Environmental Studies, Australian National University, Canberra) with a spatial resolution of 1 km. The longitude and latitude for the sampling sites were acquired via the Global Positioning System (GPS). Then, the AMT and AMP of the sampled sites were extracted via ArcGIS 10.2 from the spatially interpolated meteorological product based on the geographic information.

 
  2.4. Data analysis.

 In order to determine the coupling mechanisms of the plant community function, we firstly quantified the functional diversity at the plant community level using community-weighted mean (CWM values). The CWM for each of the three plant functional traits was calculated as follows:

  

 where Pi  is the relative abundance of species i (i = 1, 2, …, S) in the community, and traiti  is the trait value for species i (Lavorel et al., 2008). From an ecological viewpoint, this metric is strongly driven by the trait values of the dominant species within a community and is directly related to the mass ratio hypothesis (Grime, 1998). The traits of dominant species, which largely determined the ecosystem processes, could be indicated by a significant effect of CWM on ecosystem functions (Mokany et al., 2008).

 Secondly, both normality test and the one-way ANOVA were performed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) to detect the data distribution and differences in plant functional traits, including the community-weighted mean of leaf total carbon (CWM_LTC), community-weighted mean of leaf total nitrogen (CWM_LTN), and community-weighted mean of leaf total phosphorus (CWM_LTP) between AM and AS. Moreover, we explored the relationships between CWM_LTC, CWM_LTN, and CWM_LTP. The linear regression analysis was used to explain the linkages among them using R software (R Core Team, 2021) with the “ggplot 2” package.

 Finally, the linear regression analysis was performed using R to reveal the relationships of the plant functional traits with AMP in different patterns. The “pheatmap” package in R software was utilized for exploring the correlations between CWM_LTC, CWM_LTN, CWM_LTP, and soil properties. Then, we screened the critical soil properties that were significantly associated with the coupling of plant functional traits through matrix correlation and revealed their relationships with precipitation. A map of the TP was plotted in ArcGIS 10.2, and statistical analysis was completed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA).

 
 
  3. Results.

  3.1. Plant functional trait in alpine meadow and alpine steppe.

 The mean value of CWM_LTC, CWM_LTN, and CWM_LTP across AM was 18.87, 7.81, and 0.66 while those across AS was 24.53, 11.28, and 1.13, respectively ( Figure 2 ). As expected, all of the CWM_LTC, CWM_LTN, and CWM_LTP presented significant differences between AM and AS (P< 0.05). These functional traits showed similar and comparatively marked increases from AM to AS.

  

 Figure 2 | Shifts of plant functional traits in different grassland types. Panels (A–C) represent CWM_LTC, CWM_LTN, and CWM_LTP, respectively. The symbol * denotes the significant differences between different grassland types (P< 0.05). CWM_LTC, CWM_LTN, and CWM_LTP represent community-weighted mean of leaf total carbon, community-weighted mean of leaf total nitrogen, and community-weighted mean of leaf total phosphorus, respectively. 

 

 
  3.2. Coupling relationship among plant functional traits across alpine grasslands.

 The coupling degree among each plant functional trait of AM was higher than that of AS, which could be reflected by the R2 value. The highest R2 values were found in the relationships between CWM_LTC and CWM_LTN in both vegetation types ( Figure 3A ). The most predominant differences occurred in the coupling relationships between CWM_LTC and CWM_LTP (R2 = 0.33 in AM vs. R2 = 0.22 in AS,  Figure 3B ) and between CWM_LTN and CWM_LTP (R2 = 0.45 in AM vs. R2 = 0.38 in AS,  Figure 3C ).

  

 Figure 3 | The linear fits of (A) CWM_LTN to CWM_LTC, (B) CWM_LTP to CWM_LTN, and (C) CWM_LTP to CWM_LTC. CWM_LTC, CWM_LTN, and CWM_LTP represent community-weighted mean of leaf total carbon, community-weighted mean of leaf total nitrogen, and community-weighted mean of leaf total phosphorus, respectively. 

 

 
  3.3. Links of plant stoichiometry traits to annual mean precipitation and annual mean temperature.

 AMP showed a declining trend from AM to AS with its mean value of 457.81 mm and 238.20 mm, respectively, while AMT did not vary between different vegetation types ( Figure 4A ). Moreover, the relationships of AMP and AMT differ between vegetation types, i.e., a significant negative relation was detected in AS (P< 0.05), and an opposite phenomenon was found in AM (P< 0.01) ( Figure 4B ).

  

 Figure 4 | The differences of AMP and AMT (A) and their correlations in alpine steppe and alpine meadow (B). AMP and AMT represent annual mean precipitation and annual mean temperature, respectively. * represents P< 0.05. 

 

 Additionally, the dynamics of CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP along AMP and AMT were analyzed in AM and AS. Specifically, the slopes of CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP along AMT were significantly greater than those along AMP (P< 0.0001). That is, the change rates of all plant stoichiometries varied little with AMP, while these change rates were comparatively large with AMT. Overall, the slopes in AM were significantly lower than those in AS ( Figure 5 ), indicating a more stable coupling mechanism of these plant functional traits in AM under a long-term evolutionary habitat.

  

 Figure 5 | The linear fits of AMP to (A) CWM_LTC, (B) CWM_LTN, and (C) CWM_LTC and AMT to (D) CWM_LTC, (E) CWM_LTN, and (F) CWM_LTP. CWM_LTC, CWM_LTN, and CWM_LTP represent community-weighted mean of leaf total carbon, community-weighted mean of leaf total nitrogen, and community-weighted mean of leaf total phosphorus, respectively. 

 

 
  3.4. Soil properties affect plant stoichiometry traits in alpine grasslands.

 All plant stoichiometry traits and soil properties in AM were significantly different from those in AS except for CWM_LTN : LTP and SAP. The mean values of plant stoichiometry traits and soil properties in AM were all greater than those in AS except SBD ( Table 1 ).

  Table 1 | Differences of plant stoichiometry traits and soil properties in the two different alpine grassland types. 

 

 CWM_LTC : LTN was not related to any of the soil properties in AM ( Figure 6A ) but showed positive correlations with SOC and STN in AS ( Figure 6B ). CWM_LTN : LTP exhibited negative relationships to soil properties of SM, STN, STP, and SAP in AM; however, all of these significant correlations disappeared in AS. CWM_LTC : LTP showed negative correlations with SM and STP, while it was positively correlated with SAP.

  

 Figure 6 | Correlation between plant stoichiometry traits and soil properties. Plant stoichiometry traits include CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP, and soil properties include soil moisture (SM), soil bulk density (SBD), soil total organic carbon (SOC), total soil nitrogen (STN), total soil phosphorus (STP), soil-available nitrogen (SAN), and soil-available phosphorus (SAP). * represents P< 0.05, ** represents P< 0.01, *** represents P< 0.001, (A) alpine meadow, (B) alpine steppe. 

 

 
  3.5. The relationships of AMP to soil properties.

 Linear regression analysis revealed that SM (R2 = 0.16, P < 0.01,  Figure 7A ) and STP (R2 = 0.30, P < 0.01,  Figure 7B ) were positively correlated with AMP in AM. However, in the AS, the SOC and STN showed significant and positive relationships with AMP (R2 = 0.38, P < 0.01,  Figure 7C ; R2 = 0.46, P < 0.01,  Figure 7D ).

  

 Figure 7 | The linear fits of AMP to (A) SM and (B) STP in AM and SOC (C) and STN (D) in AS. SM, soil moisture; STP, soil total phosphorus; SOC, soil organic carbon; STN, soil total nitrogen. 

 

 
 
  4. Discussion.

 Plant community functional composition responds to environmental variation and influences ecosystem processes, such as nutrient cycling and decomposition (Díaz and Cabido, 2001; Griffin-Nolan et al., 2019). We explored the effects of climate and soil factors on the coupling mechanism of plant community functions in two different alpine grassland types. The main findings indicated that the precipitation documented the coupling mechanism of plant functional traits in alpine grassland. For soil properties, SM and STP were the key factors controlling the coupling mechanism of plant functional traits in AM, while SOC and STN were the main regulating factors in AS.

  4.1. The divergent coupling mechanism of plant functional traits.

 C, N, and P cycling constrains most ecosystem processes (Aerts and Chapin, 1999). Strong positive correlations between N and P were found in many previous studies, while no correlations were detected between C and N and between C and P (Thompson et al., 1997; Reich and Oleksyn, 2004; Han et al., 2005; Zheng and Shangguan, 2007). Nevertheless, the relationships for the plant functional traits are quite different from those for nutrient cycling. We found significantly positive correlations between CWM_LTC and CWM_LTN, CWM_LTN and CWM_LTP, and CWM_LTC and CWM_LTP in both AM and AS ( Figures 3A–C ). It demonstrated that leaf N and P are usually interrelated and highly positively correlated with each other (Güsewell, 2004; He et al., 2008). The coupling of leaf N and P was mainly mediated through the whole plant signaling mechanism induced by the adjustment of N and P uptake rates, which has both positive and negative effects: the rate of N uptake increases in N-deficient plants, while it is opposite in P-deficient plants (Imsande and Touraine, 1994; Aerts and Chapin, 1999). Moreover, the supply shortage in P tends to limit the N fixation and C storage in the long term (Vitousek and Howarth, 1991; Tiessen, 2008; Wang et al., 2010), suggesting a high positive correlation between P and N and P and C. Our results confirmed previous studies that there was an indirect effect of C economy on the linkage between N and P (Eckstein and Karlsson, 2001).

 
  4.2. Precipitation dominates the coupling plant functional traits in alpine grasslands.

 Anthropogenic climate change-induced changes in precipitation patterns have universal effects on plant community functions and processes in terrestrial ecosystems (Huxman et al., 2004; Bahn et al., 2014). Meanwhile, spatial variability of precipitation has a critical role in determining plant community structures in grassland ecosystems (Pierce et al., 2019). The climate of the TP has substantially changed in recent decades. On the one hand, the average annual temperature has risen by 0.4°C per decade over the past 50 years over twice the rate of global temperature rise. On the other hand, interannual variability in precipitation is increasingly significant on the TP (Shen et al., 2015). Previous studies have suggested that variations in precipitation patterns can lead to changes in traits and species richness, resulting in a gradient in plant distribution or compositions along the precipitation (Griffin-Nolan et al., 2018). Precipitation is linearly characterized along a natural gradient, and some plant functional traits such as leaf traits, as predictors of plant community, closely respond to large-scale precipitation changes at the community level (Sandel et al., 2010; Le Bagousse-Pinguet et al., 2017). Our study was carried out on the TP where precipitation plays an important role in determining the coupling degree of CWM_LTC, CWM_LTN, and CWM_LTP across the alpine grassland ( Figure 5 ). Essentially, precipitation variabilities and differences determine the competing interactions between the patterns of plant community functional traits and diversity assemblages in AM and AS (Zuo et al., 2021). Specifically, the coupling level among each plant functional trait of AM was higher than that of AS ( Figures 5A–C ), and it was probably due to the relatively better hydrothermal conditions in AM (Zhou et al., 2020). It is the precipitation, the major limiting factor for plant growth over the TP, that promotes plant photosynthesis and nutrient transportation and exerts large impacts on plant stoichiometry traits through mediating soil moisture for grasslands (Sun et al., 2013). In arid environments, the reduced rainfall resulting in low soil water availability and nutrient mobility was responsible for the high variability of plant stoichiometry traits and then causing the decoupling of plant community function in AS (Güsewell, 2004; Elser et al., 2007). Thereby, more stable coupling patterns of these plant functional traits were detected in AM under a long-term evolutionary habitat.

 Although there were correlations between coupling of plant functional traits and climate factors, the linear fitting indicated that the slopes of CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP along AMT were significantly greater than those along AMP (P< 0.0001) ( Figure 5 ). The above results indicated a more stable coupling mechanism of plant functional traits in AMP. In other words, precipitation was the key climatic factor determining the coupling degree of plant functional traits in alpine grasslands. Our results were similar to previous findings that the coupling among biogeochemical cycles in drylands would become particularly vulnerable in the face of rapid climate change (Delgado et al., 2013). Meanwhile, the magnitude of CWM_LTC, CWM_LTN, and CWM_LTP and their ratios reflected the adaptability of plants to local environmental conditions. It was a reasonable assumption that precipitation acts as a prior limiting factor for plant growth and might bring a greater effect on leaf element concentrations compared to temperature in alpine grasslands (Fan et al., 2016). Furthermore, we suggested that AMP might not affect the degree of coupling directly but rather affected the functional plant traits via influencing the soil nutrient status. Our results were consistent with those of previous studies, which demonstrated that precipitation affected plant functional traits mainly through affecting the soil nutrients (He et al., 2008).

 
  4.3. Soil physicochemical properties mediate plant functional traits.

 Plant functional traits were affected by soil physical and chemical properties to some extent (Guo et al., 2022). Soil nutrients directly affected the physiological activity and species composition of the plant community and regulated the ecosystem structures and functions. In particular, leaf C, N, and P content not only reflected the soil nutrient availability (Asplund and Wardle, 2014) but also was impacted by soil N and P supply (Han et al., 2011; Chen et al., 2013) because plants mainly obtained these elements (especially N and P) from soil. The distinct geothermal gradients and hydrological cycles on the TP could exert significant effects on biogeochemical processes in regulating soil C, N, and P cycles, which might differ from other regions. Moreover, the coupling of plant functional traits was an important index in the description of community vegetation structure, functions, and nutrient limitation (Koerselman and Meuleman, 1996; Thompson et al., 1997; Güsewell, 2004; Reich and Oleksyn, 2004). Our study showed that the plant functional traits of CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP in AS were lower than those in AM ( Table 1 ). One possible reason should be the low N content and effectiveness of AS soil, as well as the low C content in the returned nutrients from litter (Pan et al., 2015). Meanwhile, the lower CWM_LTN and CWM_LTP in AM than those in AS ( Figures 2B, C  ) agree with their fast growth, since the relatively low nutrient levels could satisfy the rapid plant growth in the suitable hydrothermal conditions in AM (Güsewell, 2004). Additionally, the leaf N:P ratio of the plant community was assumed to reflect the soil N status. However, no significant positive correlation was found between the soil total N and N:P ratio of leaves in AS (Zhang et al., 2011).

 Generally, studies on the relationships between plant functional traits and soil properties are critical for understanding the common characteristics in the plant community that respond to global changes. In this study, we found that the coupling of plant functional traits, including CWM_LTC : LTN, CWM_LTN : LTP, and CWM_LTC : LTP, was closely related to soil physicochemical properties across the alpine grasslands. This was consistent with previous findings by Rastetter et al. (1991) and Novotny et al. (2007), who found that the changes in soil nutrients would lead to shifts in plant C, N, and P and their ratios. The leaf economics spectrum revealed that an increased availability of resources related to soil fertility will select for similar leaf trait syndromes (Wright et al., 2004; Díaz et al., 2016; Both et al., 2019). Interestingly, the soil factors, such as SM and STP, are key drivers of the coupling of plant functional traits in AM ( Figure 7A ), while it turned to SOC and STN in AS ( Figure 7B ). On the one hand, researchers reported that a higher soil water content may limit the microbial decomposition of soil organic matter in AM, so that soil organic matter is better preserved compared to AS (Geng et al., 2017). On the other hand, the precipitation is much heavier in AM than that in AS, which may enhance the SOC and STN by the increased plant productivity and substrate effectiveness (Tian et al., 2017). Furthermore, our results suggested that the soil properties, including SM, STP, SOC, and STN, were positively correlated with precipitation across the alpine grasslands ( Figures 7A–D ). Precipitation was a direct source of soil moisture, which enhanced the microbial activities and thus increased the nutrient availability to plants by increasing water availability (Allison and Treseder, 2008). These results were consistent with our hypothesis, i.e., precipitation determines the coupling mechanism of plant community function by altering soil properties across alpine grassland in the TP. Therefore, it is of great significance to further investigate the drivers of the coupling of plant functional traits under different scenarios of future precipitation changes.

 
 
  5. Conclusion.

 Our results indicated that AM possessed a more robust coupling mechanism of plant functional traits under a long-term evolutionary habitat due to the relatively favorable hydrothermal conditions. Consequently, we concluded that precipitation dominates coupling mechanisms of plant community function through affecting soil conditions across alpine grassland in the TP. Therefore, we suggested that the integrated effects of precipitation and temperature instead of AMP or AMT individually should be taken into account when investigating the underlying mechanism of plant community functions across alpine grasslands in the TP.

 
  Data availability statement

 The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.

 
  Author contributions

 ML contributed to the study design. ML, YL, LS, ZD, WL, LZ. JW and JC were involved in drafting the manuscript and agree to be accountable for the work. All authors contributed to the article and approved the submitted version.

 
   Funding

 This work was supported by the National Science Foundation of China (Grant No. 32271774, 41871040), the Second Tibetan Plateau Scientific Expedition and Research (2019QZKK0405), and the Joint Research Project of Three-River-Resource National Park Funded by the Chinese Academy of Sciences and Qinghai Provincial People’s Government (LHZX-2020-08).

 
  Conflict of interest

 The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

 
  References

  Aerts, R., and Chapin, F. S. (1999). The mineral nutrition of wild plants revisited: A re-evaluation of processes and patterns. Adv. Ecol. Res. 30, 1–67. doi: 10.1016/S0065-2504(08)60016-1 

  Allison, S. D., and Treseder, K. K. (2008). Warming and drying suppress microbial activity and carbon cycling in boreal forest soils. Glob Chang Biol. 14, 2898–2909. doi: 10.1111/j.1365-2486.2008.01716.x 

  Asplund, J., and Wardle, D. A. (2014). Within-species variability is the main driver of community-level responses of traits of epiphytes across a long-term chronosequence. Funct. Ecol. 28, 1513–1522. doi: 10.1111/1365-2435.12278 

  Bahn, M., Reichstein, M., Dukes, J. S., Smith, M. D., and McDowell, N. G. (2014). Climate–biosphere interactions in a more extreme world. New Phytol. 202, 356–359. doi: 10.1111/nph.12662 

  Bao, S. (2000). Soil chemical anlysis of agriculture (Beijing: Chinese Agriculture Press). 

  Bjorkman, A. D., Myers-Smith, I. H., Elmendorf, S. C., Normand, S., Rüger, N., Beck, P. S., et al. (2018). Plant functional trait change across a warming tundra biome. Nature 562, 57–62. doi: 10.1038/s41586-018-0563-7 

  Both, S., Riutta, T., Paine, C. E. T., Elias, D. M. O., Cruz, R. S., Jain, A., et al. (2019). Logging and soil nutrients independently explain plant trait expression in tropical forests. New Phytol. 221, 1853–1865. doi: 10.1111/nph.15444 

  Chen, Y., Han, W., Tang, L., Tang, Z., and Fang, J. (2013). Leaf nitrogen and phosphorus concentrations of woody plants differ in responses to climate, soil and plant growth form. Ecography 36, 178–184. doi: 10.1111/j.1600-0587.2011.06833.x 

  Dai, M., Xiao, Y., Wang, T., Xu, J., and Wang, Y. (2022). Influence of N:P ratio of water on ecological stoichiometry of vallisneria natans and hydrilla verticillata. Water 14 (8), 1263. doi: 10.3390/w14081263 

  de Bello, F., Lavorel, S., Díaz, S., Harrington, R., Cornelissen, J. H. C., Bardgett, R. D., et al. (2010). Towards an assessment of multiple ecosystem processes and services via functional traits. Biodivers. Conserv. 19, 2873–2893. doi: 10.1007/s10531-010-9850-9 

  Delgado, M., Maestre, F., Gallardo, A., and Bowker, M. A. (2013). Decoupling of soil nutrient cycles as a function of aridity in global drylands. Nature 502, 672–676. doi: 10.1038/nature12670 

  Díaz, S., Kattge, J., Cornelissen, J. H. C., Wright, I. J., Lavorel, S., Dray, S., et al. (2016). The global spectrum of plant form and function. Nature 529, 167–171. doi: 10.1038/nature16489 

  Díaz, S., and Cabido, M. (2001). Vive la différence: plant functional diversity matters to ecosystem processes. Trends Ecol. Evol. 16, 646–655. doi: 10.1016/S0169-5347(01)02283-2 

  Eckstein, R. L., and Karlsson, P. S. (2001). Variation in nitrogen-use efficiency among and within subarctic graminoids and herbs. New Phytol. 150, 641–651. doi: 10.1046/j.1469-8137.2001.00130.x 

  Elser, J. J., Bracken, M. E. S., Cleland, E. E., Gruner, D. S., Harpole, W. S., Hillebrand, H., et al. (2007). Global analysis of nitrogen and phosphorus limitation of primary producers in freshwater, marine and terrestrial ecosystems. Ecol. Lett. 10, 1135–1142. doi: 10.1111/j.1461-0248.2007.01113.x 

  Fan, J., Harris, W., and Zhong, H. (2016). Stoichiometry of leaf nitrogen and phosphorus of grasslands of the inner Mongolian and qinghai-Tibet plateaus in relation to climatic variables and vegetation organization levels. Ecol. Res. 31, 821–829. doi: 10.1007/s11284-016-1392-5 

  Faucon, M. P., Houben, D., and Lambers, H. (2017). Plant functional traits: Soil and ecosystem services. Trends Plant Sci. 22, 385–394. doi: 10.1016/j.tplants.2017.01.005 

  Fortunel, C., Garnier, E., Joffre, R., Kazakou, E., Quested, H., Grigulis, K., et al. (2009). Leaf traits capture the effects of land use changes and climate on litter decomposability of grasslands across Europe. Ecology 90 (3), 598–611. doi: 10.1890/08-0418 

  Funk, J. L., Larson, J. E., Ames, G. M., Butterfield, B. J., Cavender-Bares, J., Firn, J., et al. (2017). Revisiting the holy grail: Using plant functional traits to understand ecological processes. Biol. Rev. Camb Philos. Soc. 92 (2), 1156–1173. doi: 10.1111/brv.12275 

  Garnier, E., Cortez, J., Billès, G., Navas, M. L., Roumet, C., Debussche, M., et al. (2004). Plant functional markers capture ecosystem properties during secondary succession. Ecology 85, 2630–2637. doi: 10.1890/03-0799 

  Geng, Y., Ma, W., Wang, L., Baumann, F., Kühn, P., Scholten, T., et al. (2017). Linking above- and belowground traits to soil and climate variables: an integrated database on china's grassland species. Ecology 98, 1471–1471. doi: 10.1002/ecy.1780 

  Griffin-Nolan, R. J., Blumenthal, D. M., Collins, S. L., Farkas, T. E., Hoffman, A. M., Mueller, K. E., et al. (2019). Shifts in plant functional composition following long-term drought in grasslands. J. Ecol. 107, 2133–2148. doi: 10.1111/1365-2745.13252 

  Griffin-Nolan, R. J., Bushey, J. A., Carroll, C. J. W., Challis, A., Chieppa, J., Garbowski, M., et al. (2018). Trait selection and community weighting are key to understanding ecosystem responses to changing precipitation regimes. Funct. Ecol. 32, 1746–1756. doi: 10.1111/1365-2435.13135 

  Grime, J. P. (1998). Benefits of plant diversity to ecosystems: Immediate, filter and founder effects. J. Ecol. 86, 902–910. doi: 10.1046/j.1365-2745.1998.00306.x 

  Guo, L., Liu, L., Meng, H., Zhang, L., Silva, V. J., Zhao, H., et al. (2022). Biogeographic patterns of leaf element stoichiometry of stelera chamaejasme l. @ in degraded grasslands on inner Mongolia plateau and qinghai-Tibetan plateau. Plants (Basel) 11 (15), 1943. doi: 10.3390/plants11151943 

  Güsewell, S. (2004). N: P ratios in terrestrial plants: variation and functional significance. New Phytol. 164, 243–266. doi: 10.1111/j.1469-8137.2004.01192.x 

  Han, W., Fang, J., Guo, D., and Zhang, Y. (2005). Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytol. 168, 377–385. doi: 10.1111/j.1469-8137.2005.01530.x 

  Han, W. X., Fang, J. Y., Reich, P. B., Ian Woodward, F., and Wang, Z. H. (2011). Biogeography and variability of eleven mineral elements in plant leaves across gradients of climate, soil and plant functional type in China. Eco. Lett. 14, 788–796. doi: 10.1111/j.1461-0248.2011.01641.x 

  He, J., Wang, L., Flynn, D. F. B., Wang, X., Ma, W., and Fang, J. (2008). Leaf nitrogen:phosphorus stoichiometry across Chinese grassland biomes. Oecologia 155, 301–310. doi: 10.1007/s00442-007-0912-y 

  Hooper, D. U., Chapin, F. S. III, Ewel, J. J., Hector, A., Inchausti, P., Lavorel, S., et al. (2005). Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. Ecol. Monogr. 75, 3–35. doi: 10.1890/04-0922 

  Huxman, T. E., Smith, M. D., Fay, P. A., Knapp, A. K., Shaw, M. R., Loik, M. E., et al. (2004). Convergence across biomes to a common rain-use efficiency. Nature 429, 651–654. doi: 10.1038/nature02561 

  Imbert, J., Blanco, J., Candel-Pérez, D., Lo, Y. H., González, A. E., Yeste, A., et al. (2020). “Synergies between climate change, biodiversity, ecosystem function and services, indirect drivers of change and human well-being in forests,” in Exploring synergies and trade-offs between climate change and the sustainable development goals. Eds. V. Venkatramanan, S. Shah, and R. Prasad (Singapore: Springer), 263–320. doi: 10.1007/978-981-15-7301-9_12 

  Imsande, J., and Touraine, B. (1994). N demand and the regulation of nitrate uptake. Plant Physiol. 105, 3–7. doi: 10.1104/pp.105.1.3 

  Koerselman, W., and Meuleman, A. F. M. (1996). The vegetation N:P ratio: a new tool to detect the nature of nutrient limitation. J. Appl. Ecol. 33, 1441–1450. doi: 10.2307/2404783 

  Kremen, C. (2005). Managing ecosystem services: what do we need to know about their ecology? Ecol. Lett. 8, 468–479. doi: 10.1111/j.1461-0248.2005.00751.x 

  Lavorel, S., Diaz, S., and Jhc, C. (2007). “Plant functional types: Are we getting any closer to the holy grail?,” in Terrestrial ecosystems in a changing world. global change — the IGBP series. Eds. J. G. Canadell, D. E. Pataki, and L. F. Pitelka (Berlin, Heidelberg: Springer), 171–186. doi: 10.1007/978-3-540-32730-1_13 

  Lavorel, S., Grigulis, K., McIntyre, S., Nick, S. G., Dorrough, J., Berman, S., et al. (2008). Assessing functional diversity in the field – methodology matters! Funct. Ecol. 22, 134–147. doi: 10.1111/j.1365-2435.2007.01339.x 

  Le Bagousse-Pinguet, Y., Gross, N., Maestre, F. T., Maire, V., de Bello, F., Fonseca, C. R., et al. (2017). Testing the environmental filtering concept in global drylands. J. Ecol. 105, 1058–1069. doi: 10.1111/1365-2745.12735 

  Liu, C., Li, Y., Zhang, J., Zhang, J., Baird, A. S., and He, N. (2020). Optimal community assembly related to leaf economic- hydraulic-anatomical traits. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.00341 

  Li, S., Zhao, Z., Dong, S., Shen, H., Xu, Y., Xiao, J., et al. (2022). Synchronous responses of plant functional traits to nitrogen deposition from dominant species to functional groups and whole communities in alpine grasslands on the qinghai-Tibetan plateau. Front. Plant Sci. 13. doi: 10.3389/fpls.2022.827035 

  Ma, X., Yan, Y., Hong, J., and Wang, X. (2020). Variation of root Carbon,Nitrogen and phosphorus densities in three alpine grasslands in non-growing season and growing season. Ecol. Environ. Sci. 29, 7. doi: 10.16258/j.cnki.1674-5906.2020.07.006 

  McDowell, N., Pockman, W. T., Allen, C. D., Breshears, D. D., Cobb, N., Kolb, T., et al. (2008). Mechanisms of plant survival and mortality during drought: Why do some plants survive while others succumb to drought? New Phytol. 178 (4), 719–739. doi: 10.1111/j.1469-8137.2008.02436.x 

  Mokany, K., Ash, J., and Roxburgh, S. (2008). Functional identity is more important than diversity in influencing ecosystem processes in a temperate native grassland. J. Ecol. 96, 884–893. doi: 10.1111/j.1365-2745.2008.01395.x 

  Novotny, A. M., Schade, J. D., Hobbie, S. E., Kay, A. D., Kyle, M., Reich, P. B., et al. (2007). Stoichiometric response of nitrogen-fixing and non-fixing dicots to manipulations of CO2, nitrogen, and diversity. Oecologia 151, 687–696. doi: 10.1007/s00442-006-0599-5 

  Pan, F., Zhang, W., Liu, S., Li, D., and Wang, K. (2015). Leaf N:P stoichiometry across plant functional groups in the karst region of southwestern China. Trees 29, 883–892. doi: 10.1007/s00468-015-1170-y 

  Pierce, N. A., Archer, S. R., Bestelmeyer, B. T., and James, D. K. (2019). Grass-shrub competition in arid lands: An overlooked driver in grassland–shrubland state transition? Ecosystems 22, 619–628. doi: 10.1007/s10021-018-0290-9 

  Rastetter, E. B., Ryan, M. G., Shaver, G. R., Melillo, J. M., Nadelhoffer, K. J., Hobbie, J. E., et al. (1991). A general biogeochemical model describing the responses of the c and n cycles in terrestrial ecosystems to changes in CO(2), climate, and n deposition. Tree Physiol. 9, 101–126. doi: 10.1093/treephys/9.1-2.101 

  Reich, P. B., Hobbie, S. E., Lee, T., Ellsworth, D. S., West, J. B., Tilman, D., et al. (2006). Nitrogen limitation constrains sustainability of ecosystem response to CO2 . Nature 440, 922–925. doi: 10.1038/nature04486 

  Reich, P. B., and Oleksyn, J. (2004). Global patterns of plant leaf n and p in relation to temperature and latitude. Proc. Natl. Acad. Sci. U.S.A. 101, 11001–11006. doi: 10.1073/pnas.0403588101 

  R Core Team , et al. (2021). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing. Available at: https://www.Rproject.org/.12c. 

  Sandel, B., Goldstein, L. J., Kraft, N. J. B., Okie, J. G., Shuldman, M. I., Ackerly, D. D., et al. (2010). Contrasting trait responses in plant communities to experimental and geographic variation in precipitation. New Phytol. 188, 565–575. doi: 10.1111/j.1469-8137.2010.03382.x 

  Schlickmann, M. B., da Silva, A. C., de Oliveira, L. M., Matteucci, D. O., Machado, F. D., Cuchi, T., et al. (2020). Specific leaf area is a potential indicator of tree species sensitive to future climate change in the mixed subtropical forests of southern Brazil. Ecol. Indic. 116, 106477. doi: 10.1016/j.ecolind.2020.106477 

  Shen, M., Piao, S., Dorji, T., Liu, Q., Cong, N., Chen, X., et al. (2015). Plant phenological responses to climate change on the Tibetan plateau: research status and challenges. Natl. Sci. Rev. 2, 454–467. doi: 10.1093/nsr/nwv058 

  Suding, K. N., Lavorel, S., Chapin, F. S., Cornelissen, J. H. C., Díaz, S., Garnier, E., et al. (2008). Scaling environmental change through the community-level: A trait-based response-and-effect framework for plants. Global Change Biol. 14, 1125–1140. doi: 10.1111/j.1365-2486.2008.01557.x 

  Sun, J., Cheng, G. W., Li, W. P., Sha, Y. K., and Yang, Y. C. (2013). On the variation of NDVI with the principal climatic elements in the Tibetan plateau. Remote Sens-basel 5, 1894–1911. doi: 10.3390/rs5041894 

  Sun, J., Liu, B., You, Y., Li, W., Liu, M., Shang, H., et al. (2019). Solar radiation regulates the leaf nitrogen and phosphorus stoichiometry across alpine meadows of the Tibetan plateau. Agr. Forest. Meteorol 271, 92–101. doi: 10.1016/j.agrformet.2019.02.041 

  Sun, J., Wang, Y., Piao, S., Liu, M., Han, G., Li, J., et al. (2022). Toward a sustainable grassland ecosystem worldwide. Innovation (Camb) 3 (4), 100265. doi: 10.1016/j.xinn.2022.100265 

  Sun, J., Zhou, T. C., Liu, M., Chen, Y. C., Liu, G. H., Xu, M., et al. (2020). Water and heat availability are drivers of the aboveground plant carbon accumulation rate in alpine grasslands on the Tibetan plateau. Global Ecol. Biogeogr 29, 50–64. doi: 10.1111/geb.13006 

  Sun, J., Zhou, T., Liu, M., Chen, Y., Shang, H., Zhu, L., et al. (2018). Linkages of the dynamics of glaciers and lakes with the climate elements over the Tibetan plateau. Earth-Sci. Rev. 185, 308–324. doi: 10.1016/j.earscirev.2018.06.012 

  Thompson, K., Parkinson, J. A., Band, S. R., and Spencer, R. E. (1997). A comparative study of leaf nutrient concentrations in a regional herbaceous flora. New Phytol. 136, 679–689. doi: 10.1046/j.1469-8137.1997.00787.x 

  Tian, L., Zhao, L., Wu, X., Fang, H., Zhao, Y., Yue, G., et al. (2017). Vertical patterns and controls of soil nutrients in alpine grassland: Implications for nutrient uptake. Sci. Total Environ. 607–608, 855–864. doi: 10.1016/j.scitotenv.2017.07.080 

  Tiessen, H. (2008). Phosphorus in the global environment. ecophysiology plant-phosphorus Interact. 7, 1–7. doi: 10.1007/978-1-4020-8435-5_1 

  Vitousek, P. M., and Howarth, R. W. (1991). Nitrogen limitation on land and in the sea: How can it occur? Biogeochemistry 13, 87–115. doi: 10.1007/BF00002772 

  Wang, Y. P., Law, R. M., and Pak, B. (2010). A global model of carbon, nitrogen and phosphorus cycles for the terrestrial biosphere. Biogeosciences 7, 2261–2282. doi: 10.5194/bg-7-2261-2010 

  Wright, I. J., Reich, P. B., Cornelissen, J. H. C., Falster, D. S., Garnier, E., Hikosaka, K., et al. (2005). Assessing the generality of global leaf trait relationships. New Phytol. 166, 485–496. doi: 10.1111/j.1469-8137.2005.01349.x 

  Wright, I. J., Reich, P. B., Westoby, M. A., Ackerly, D. D., Baruch, Z., Bongers, F., et al. (2004). The worldwide leaf economics spectrum. Nature 428, 821–827. doi: 10.1038/nature02403 

  Zhang, R., Gou, X., Bai, Y., Zhao, J., Chen, L., Song, X., et al. (2011). Biomass fraction of graminoids and forbs in n-limited alpine grassland N:P stoichiometry. Polish J. Ecol. 59, 105–114. 

  Zheng, S., and Shangguan, Z. (2007). Spatial patterns of leaf nutrient traits of the plants in the loess plateau of China. Trees 21, 357–370. doi: 10.1007/s00468-007-0129-z 

  Zhou, T. C., Sun, J., Liu, M., Shi, P., Zhang, X., Sun, W., et al. (2020). Coupling between plant nitrogen and phosphorus along water and heat gradients in alpine grassland. Sci. Total Environ. 701, 134660. doi: 10.1016/j.scitotenv.2019.134660 

  Zhou, T., Sun, J., and Shi, P. (2021). Plant-microbe interactions regulate the aboveground community nitrogen accumulation rate in different environmental conditions on the Tibetan plateau. Catena 204, 105407. doi: 10.1016/j.catena.2021.105407 

  Zuo, X., Zhao, S., Cheng, H., Hu, Y., Wang, S., Yue, P., et al. (2021). Functional diversity response to geographic and experimental precipitation gradients varies with plant community type. Funct. Ecol. 35, 2119–2132. doi: 10.1111/1365-2435.13875 

 
 Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Liu, Li, Sun, Du, Li, Zhang, Wang and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms. 

 
OEBPS/Images/fpls-13-1122140-g005.jpg
A N .1 D .
Alpine meadow
6d Alpine steppe 6d
° .
Z
= o)
o
.4‘ N L] © P<<0.0001, Slope=-0.001 41 P<C0.0001, Slope=-0.016 e
E ° ° ®
= : * e
34 3
24 ° ° 24 O
o0 ®® 9'8".' L e * % L e
} ] P<<0.0001, Slope=0.002" P<C0.0001, Slope=-0.058 b L
° °
1+ T T T T T u T 1+ T T T
28 B * 284 E °
244 ° L 244 o °
° °
° - » °
04 o P<C0.0001, Slope=-0.002 204 P<<0.0001, Slope=0.111

CWM_LIN:LTP

5714

CWM_LTCLTP

P<20.0001, Slope=0.014

574

474

P<0.0001, Slope=0.068

74
100

T
200

400 500 600 700 800

AMP(mm)

T
300

7%
900 -25

0.0





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Divergent coupling mechanism of precipitation on plant community multifunction across alpine grassland on the Tibetan Plateau

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          1.  Introduction.

        



        		

          2.  Materials and methods.

        

          		

            2.1.  Study area.

          



          		

            2.2.  Sample collection and analysis.

          



          		

            2.3.  Meteorological data.

          



          		

            2.4.  Data analysis.

          



        



        



        		

          3.  Results.

        

          		

            3.1.  Plant functional trait in alpine meadow and alpine steppe.

          



          		

            3.2.  Coupling relationship among plant functional traits across alpine grasslands.

          



          		

            3.3.  Links of plant stoichiometry traits to annual mean precipitation and annual mean temperature.

          



          		

            3.4.  Soil properties affect plant stoichiometry traits in alpine grasslands.

          



          		

            3.5.  The relationships of AMP to soil properties.

          



        



        



        		

          4.  Discussion.

        

          		

            4.1.  The divergent coupling mechanism of plant functional traits.

          



          		

            4.2.  Precipitation dominates the coupling plant functional traits in alpine grasslands.

          



          		

            4.3.  Soil physicochemical properties mediate plant functional traits.

          



        



        



        		

          5.  Conclusion.

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpls-13-1122140-g002.jpg
CWM_LTC

40

8

)
S
1

104

CWM_LTN

Apine meadow

Alpine meadow Alpine steppe

Alpine meadow Alpine steppe






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls-13-1122140-g004.jpg
AMP (mm)

7004 5.0
- | k25
.
]
. 00
300 .
T T T T f-2.5
Alpine meadow Alpine steppe Alpine meadow Alpine steppe

50

25

0.0

! | Pty
»

300 400 500 700






OEBPS/Images/fpls-13-1122140-g006.jpg
&
0.17 -0.21 0.27 0.29 0.05 0.17 0.26 4&@ '@

el <
. = RO AP
0.05 0.09 007 0.07 0.14 0.03 0.13 -0.03 \‘é &Q

Qw\/ 002 -002 020 0.22 017 0.13 oza- @

0.08 -0.17 -0.20 -0.3





OEBPS/Images/fpls-13-1122140-g001.jpg
35° N 40° N

30° N

30 E

Xinjiang

A Steppe samples’
® Meadow samples
Alpine steppe
Alpine meadow
|| Tibetan plateau
|| Provincial boundaries






OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/M1.jpg
CWM = 3P trai





OEBPS/Images/fpls-13-1122140-g003.jpg
CWM_LTN

CWM_LTP

B
20 “ 8 ¢
. °
@
R’=0.61, P<0.0001 5] R*=0.38, P<<0.0001
154 ® °
o [}
=
-
s'21 )
10 =
(@]
14
51 e
® R2=0.63, P<<0.0001 () R?=0.45, P<0.0001
T T T T 0 1 T T T T
10 20 30 40 5 10 15 20
CWM_LTC CWM_LTN
4 °
3 -
R=0.22, P<0.0001 _ = .
== Alpine meadow
. . ~ Alpine steppe
®
@
e






OEBPS/Images/table1.jpg
AM AS AM AS

CWM_LTC : LTN 261 +0.98° 227 +0.54° soc (g/kg) 3693 +3129° 13.79 £ 12.20°
CWM_LIN : LTP 13.01 + 4.64° 11.52 £ 425° STN (g/kg) 231 + 1.60° 1.10 £ 0.93°
CWM_LTC : LTP 3330 £ 17.78" 26,04 + 11.75° STP (g/kg) 062 + 037 036+ 021°
SM (%) 27.73 + 25.42° 1137 £ 6.11° | saN (mg/kg) 198.22 + 13115 73.86 + 65.01°
SBD (g/em®) 098 +0.29° 132 +023° SAP (mg/kg) 279 + 174 228 + 159°

AM, alpine meadow; AS, alpine steppe; CWM_LTC, community-weighted mean of leaf total carbon; CWM_LTN, community-weighted mean of leaf total nitrogen; CWM_LTP, community-
weighted mean of leaf total phosphorus; SM, soil moisture; SBD, soil bulk density; SOC, soil total organic carbon; STN, soil total nitrogen; STP, soil total phosphorus; SAN, soil-available nitrogen;
SAP, and soil-available phosphorus. Different letters indicate significant differences at the 0.05 level between different grassland types.





OEBPS/Images/fpls.2022.1122140_cover.jpg
& frontiers | Frontiers in Plant Science

Divergent coupling mechanism of
precipitation on plant community
multifunction across alpine
grassland on the Tibetan Plateau





OEBPS/Images/fpls-13-1122140-g007.jpg
L) 524

424
204 ®

R>=0.46
P<0.01 )

e ® o

0.24

150 250 350 450 550 650 750 850 150 200 250 300 350 400
AMP (mm) AMP (mm)






