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Abstract

Changes in ecological stoichiometry reflect nitrogen (N), phosphorus (P) and
both N and P limitations in a plant community, which in turn affect plant di-
versity of the community. However, the relationship between plant community
diversity and ecological stoichiometry has not yet been fully researched in arid
and semi-arid regions. Ecological stoichiometry and plant community diversity
indices of eighteen communities in the upper reaches of Tarim River, north-
western China, were analyzed by multivariate analysis of variance in 2016. The
correlation between ecological stoichiometry and plant community diversity was
assessed by redundancy analysis (RDA). Results indicated that the Margalef
index was significantly correlated with carbon (C) and P concentrations, the
Simpson index and Shannon-Weaner index were significantly correlated with
plant C concentration, and the Pielou index was significantly correlated with
plant C and N concentrations. Moreover, C:N and C:P ratios had significant
impacts on plant community diversity. Our results highlight the importance
of ecological stoichiometry in driving plant community diversity in the upper
reaches of Tarim River, northwestern China.
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Abstract: Changes in ecological stoichiometry reflect nitrogen (N), phospho-
rus (P), and combined N and P limitations in plant communities, which in
turn affect plant diversity. However, the relationship between plant commu-
nity diversity and ecological stoichiometry remains insufficiently researched in
arid and semi-arid regions. We analyzed ecological stoichiometry and plant
community diversity indices across eighteen communities in the upper reaches
of the Tarim River, northwestern China, using multivariate analysis of vari-
ance in 2016. Redundancy analysis (RDA) was employed to assess correlations
between ecological stoichiometry and plant community diversity. Results indi-
cated that the Margalef index was significantly correlated with carbon (C) and
P concentrations, the Simpson and Shannon-Wiener indices were significantly
correlated with plant C concentration, and the Pielou index was significantly
correlated with plant C and N concentrations. Moreover, C:N and C:P ratios
had significant impacts on plant community diversity. Our findings highlight
the importance of ecological stoichiometry in driving plant community diversity
in the upper reaches of the Tarim River.

Keywords: Margalef index; Simpson index; Shannon-Wiener index; redun-
dancy analysis; Tarim River

1 Introduction

Ecological stoichiometry serves as a crucial tool for exploring the dynamic
balance of various nutrient elements (Sterner and Elser, 2002; Zechmeister-
Boltenstern et al., 2015; Moorthi et al., 2016; Shang et al., 2018). Currently,
ecological stoichiometry has been applied across multiple scales, from molecules
and cells to individuals, communities, and entire ecosystems (Elser et al., 2007;
Elser et al., 2010; Yan et al., 2016). It has also been used to estimate nutrient
limitation in plants and reveal their nutrient utilization strategies (Sterner and
Elser, 2002). Deficiencies in carbon (C), nitrogen (N), and phosphorus (P) can
limit plant growth (Sperfeld et al., 2017; Zeng et al., 2017), thereby reducing
plant community diversity (Conti and Diaz, 2013). Plant community diversity is
essential for maintaining ecosystem stability and processes (Tilman et al., 1996;
Naeem and Li, 1997; Yachi and Loreau, 1999; Snyder et al., 2006; Haddad et al.,
2011; Pelini et al., 2014; Vilela et al., 2016; Zhang et al., 2017; Bustos-Segura
et al., 2017; Saitta et al., 2018). Therefore, applying ecological stoichiometry
methods to study plant communities and their relationships can help reveal the
ecological strategies of plants in specific environments and is of great significance
for understanding material cycling and energy balance within communities.

Since the 1980s, ecological stoichiometry has become an important approach in
plant ecology research (Frost et al., 2002; Allen and Gillooly, 2009; Yan et al.,
2016; Yu et al., 2017a; Castellanos et al., 2018; Li et al., 2019). Most research has
focused on the effects of ecological stoichiometry on plant community diversity
(Kerkhoff et al., 2005; Liu et al., 2018; Huang et al., 2018) and examined the
ecological stoichiometry of plant communities with different functional groups,
as well as changes in plant community diversity in grassland, forest, and wetland
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ecosystems (Sardans et al., 2011; Yan et al., 2015; Tao et al., 2016; Soufbaf et al.,
2017). However, little research has been conducted on desert ecosystems (Conti
and Dfaz, 2013). Additionally, most ecological stoichiometry studies have been
carried out at the individual level rather than the community level (Halvorson
et al., 2017; Zeng et al., 2017).

In northwestern China, frequent climate change and anthropogenic disturbances
(Chen, 2013; Zhang et al., 2018) have made plant communities extremely vul-
nerable, with expected sharp reductions in community density in the future (Liu
et al., 2005). Plant communities in the upper reaches of the Tarim River are
located in an especially fragile ecological zone (Gong et al., 2016), yet remain
poorly understood. Therefore, exploring the impact of ecological stoichiometry
on plant community diversity provides a scientific basis for guiding vegetation
restoration in this desert ecosystem. We hypothesize that (1) characteristics
of ecological stoichiometry affect plant distribution, thereby influencing plant
community diversity in the upper reaches of the Tarim River; and (2) distance
from the Tarim River affects both ecological stoichiometry characteristics and
plant community diversity indices, but does not alter the relationship between
ecological stoichiometry and plant community diversity.

2.1 Study Area

The study area is located in the upper reaches of the Tarim River, northwest-
ern China (40°25 -41°40 N, 80°10 -84°36 E; Fig. 1 [Figure 1: see original pa-
per]). The annual mean temperature is 10.4°C, with mean annual precipitation
and evapotranspiration of 50.4 mm and 1800.0 mm, respectively (Gong et al.,
2016). The dominant plant species in this desert ecosystem include Populus
euphratica, Halostachys caspica, Tamarix chinensis, Phragmites communis, Ly-
cium ruthenicum, and Glycyrrhiza uralensis.

2.2 Methods

Data were collected at three sampling zones in the upper reaches of the Tarim
River in August 2016 (Fig. 1). The three zones were selected on the southern
side of the river and designated T1, T2, and T3. Within each sampling zone, six
plant communities (sub-plots) were established for vegetation sampling, spaced
at 1 km intervals to avoid pseudoreplication. Thus, a total of eighteen plant
communities were sampled and coded accordingly (Table 1 ).

Different sub-plot sizes were used to sample trees, shrubs, and herbs. Trees were
sampled in 20 m x 20 m plots, while shrubs and herbs were sampled in 10 m
x 10 m and 1 m x 1 m plots, respectively. Approximately 50 g of leaf material
from each plant species were collected and placed in envelopes with desiccant.
After removing litter and stones, topsoil (0-15 cm) samples were collected and
taken to the laboratory for soil characteristic analysis.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

2.3 Leaf Analyses

Leaf samples were carefully cleaned and oven-dried at 60°C for 2 hours. Soil
samples were air-dried after sieving through a 2-mm mesh, with visible roots
and organic debris removed by hand. All samples were then ground to a fine
powder for element analysis following standard soil agrochemical procedures
(Bao, 2000). Total C content was determined using the potassium dichromate
external heating method (Bao, 2000), total N content was determined using the
Kjeldahl method (Bao, 2000), and total P content was determined using the
molybdenum-antimony colorimetric method (Bao, 2000). All leaf analyses were
repeated three times.

2.4 Alpha Diversity Indices

Alpha diversity indices were calculated using the following equations:
D= Z PP (1)

H =-) PP (2

S—1

M =
“ In N

3)

H/
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where D is the Simpson index, H is the Shannon-Wiener index, Ma is the
Margalef index, E is the Pielou index, P_ 7 is the probability of occurrence of
the 7th species in a community, S is the total number of species in a community,
and N is the total number of individuals in a community.

2.5 Ecological Stoichiometry

Leaf C, N, and P concentrations were used to calculate the importance values of
each community for trees, shrubs, and herbs. Based on these importance values,
stoichiometric parameters for all communities were weighted (Yan et al., 2008).

2.6 Statistical Analyses

One-way analysis of variance (ANOVA) with Duncan’ s post hoc multiple com-
parisons test (Hsu, 1996) was used to compare differences in C:N:P ratios among
communities. All statistical tests were assessed at P < 0.05. Linear regressions
were performed to describe relationships between C, N, P, C:N ratio, C:P ratio,
and N:P ratio. These analyses were conducted using SPSS version 19.0 software

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

(Chicago, IL, USA). Redundancy analysis (RDA) was used to explore correla-
tions between plant community diversity indices and C, N, and P concentrations
and their ratios, conducted in CANOCO 4.5 software (Wright, 2014). A Monte
Carlo test was performed to determine the relative importance of variables.

3.1 Characteristics of Ecological Stoichiometry in Different
Communities

The highest C concentration occurred in the T13 community and the lowest in
the T31 community. The highest N concentration occurred in the T23 com-
munity and the lowest in the T14 community. The highest P concentration
occurred in the T34 community and the lowest in the T22 community. All
highest stoichiometric ratios (C:N, C:P, and N:P) were found in the T1 zone
and the lowest in the T3 zone (Table 2 ). Significant differences in C, N, and
P concentrations and their ratios were observed both within and among zones.
Additionally, N and P concentrations did not differ significantly among the T15,
T25, and T35 communities (Table 2).

Figure 2 [Figure 2: see original paper] shows correlations among C, N, and P
concentrations and their ratios. Strong correlations were found between C and
N concentrations and between C and P concentrations. Significant negative
correlations were observed between C:N ratio and N concentration and between
C:N ratio and N:P ratio. Strong positive correlations were found between N:P
ratio and N concentration and between C:P ratio and N:P ratio. Conversely, an
opposite pattern was observed between C:P ratio and P concentration.

3.2 Characteristics of Plant Community Diversity Index in
Different Communities

Significant differences in Simpson’ s index were found between communities
in T1 and T3 zones, though no significant differences were observed for other
diversity indices between these zones (Fig. 3 [Figure 3: see original paper]).
For the Shannon-Wiener index, significant differences were observed between
communities in T'1 and T2 zones and between T'1 and T3 zones, but not between
T2 and T3 zones (Fig. 3). For the Margalef and Pielou indices, no significant
differences were found among communities in T1, T2, and T3 zones. Overall, all
plant community diversity indices showed higher values in T1 zone communities
compared to T2 and T3 zones.

3.3 Correlations between Ecological Stoichiometry and
Plant Community Diversity Index

RDA was used to examine correlations between plant community diversity and
ecological stoichiometry (Fig. 4 [Figure 4: see original paper]). The first axis ex-
plained 64% of the variation, while the second axis explained only 2%. Only axis
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1 reflected the relationship between ecological stoichiometry and plant commu-
nity diversity indices. RDA results indicated that C:N ratio and N concentration
played important roles in explaining plant community diversity among all con-
centrations and ratios. The Simpson index showed strong positive correlation
with P concentration and weak positive correlation with C and N concentra-
tions. In contrast, C:N and N:P ratios showed strong negative correlations with
the Simpson index, while C:P ratio showed weak negative correlation. A clear
positive correlation was found between the Shannon-Wiener index and C, N,
and P concentrations. Similar negative correlations were found among these
ratios, with remaining indices showing comparable patterns.

The effects of concentrations and ratios on plant community diversity indices
varied, making it difficult to determine which parameter had the greatest impact.
Therefore, a Monte Carlo test was performed on C, N, and P concentrations and
the three ratios to determine their relative importance. The results indicated
that N concentration was the most important element (Table 3 ).

Figure 5 [Figure 5: see original paper] shows t-value results from RDA for in-
dividual stoichiometric factors influencing plant community diversity indices.
The Simpson, Pielou, and Shannon-Wiener indices all fell within the solid cir-
cle, while the Margalef index partially fell into it (Fig. 5a). This implied that
N concentration was strongly and positively correlated with the Pielou, Simp-
son, and Shannon-Wiener indices, and weakly positively correlated with the
Margalef index. In other words, plant community diversity indices increased
with increasing N concentration. The C:N ratio showed similar patterns to N
concentration (Fig. 5¢).

The Simpson and Shannon-Wiener indices fell completely within the solid circle,
while the Pielou and Margalef indices partially fell into it (Fig. 5b). This
suggested that P concentration was strongly and positively correlated with the
Simpson, Pielou, and Shannon-Wiener indices, and weakly positively correlated
with the Margalef index. The C:P ratio revealed similar patterns to the C:N
ratio (Fig. 5d).

4.1 Characteristics of Ecological Stoichiometry

This study demonstrates substantial variation in C, N, and P concentrations
among different plant communities. The highest C concentrations were found
in the T13 community, which contains the largest number of Phragmites spp.—
a unique xerophilous plant (Tuboi and Hussain, 2018). Because the T1 zone is
closest to the water source among the three sampled zones, it supports exten-
sive growth of Phragmites spp. Rapid growth of this species increases vascular
bundles in leaves and enhances photosynthesis, leading to effective accumula-
tion of organic matter (Behera et al., 2012). The highest N concentrations
were observed in Alhagi sparsifolia Shap., which dominates the T23 community.
A. sparsifolia is a naturally occurring, drought-tolerant plant that depends on
groundwater (Xiang et al., 2018). While proximity to water sources may inhibit
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its growth (Zhang et al., 2018), insufficient water far from the source cannot meet
its growth requirements. Thus, moderate water availability is most beneficial.
Additionally, A. sparsifolia is a leguminous plant with high N fixation ability
and utilization efficiency (Lei et al., 2014). Overall, ecological stoichiometry
characteristics reflect community vegetation composition and nutrient absorp-
tion and utilization patterns.

Nitrogen and P are generally considered the two most limiting elements for plant
growth (Elser et al., 2000; Elser et al., 2007; Qu et al., 2017). We found signif-
icant differences in N:P ratios among plant communities. N:P ratios exceeding
16 in some communities indicated strong P limitation (Yan et al., 2015; Yu et
al., 2017b), while ratios below 14 in other communities suggested N limitation
(Plach et al., 2017). However, factors affecting plant N:P ratios are complex
and comprehensive (Elser et al., 2007). Nutrient limitation in different commu-
nities is controlled by multiple factors, and interactions among plant elements
complicate N:P ratios further (Yan et al., 2015; Plach et al., 2017). Therefore,
the underlying mechanisms require further investigation.

4.2 Characteristics of Plant Community Diversity

This study showed that T1 zone communities had the highest Simpson index val-
ues, indicating strong anti-interference abilities. Long-term intermittent erosion
by the Tarim River has made these communities more resistant to disturbance
(Sures et al., 1999; Bu et al., 2017). However, other communities with poorer
anti-interference abilities exhibit higher self-healing capacities after habitat de-
struction. These results indicate that dominant species play a leading role in
maintaining community structure and ecological function (Zhang et al., 2017).

The Shannon-Wiener index values for T11 and T16 communities in the T1 zone
were high, indicating more complex community structure and composition. In
contrast, the T31 community in the T3 zone had low Shannon-Wiener values,
reflecting simpler community structure. The T11 and T16 communities are
located closer to the Tarim River and experience no drought stress. Relatively
abundant water resources support survival of more plant species (Merritt et al.,
2010). Conversely, the T31 community is far from the river, where only a few
desert species capable of overcoming drought stress can survive.

Margalef and Pielou index values in T1 zone communities were higher than in
other zones, reflecting high species richness and abundant species distribution.
This may be attributed to T'1 zone communities being closest to the water source,
with sufficient water supporting more species survival and growth (Merritt et
al., 2010).
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4.3 Correlations between Ecological Stoichiometry and
Plant Community Diversity Index

Our results support the hypothesis that ecological stoichiometry and plant com-
munity diversity are related, suggesting that ecological stoichiometry impor-
tantly drives plant community diversity. Previous studies have found that C is
a major element for plants with relatively high and stable concentrations (Hey-
burn et al., 2017), but C is not a key limiting element for plant growth (Makino
et al., 2003; Heyburn et al., 2007). Our finding of no significant correlation
between plant community diversity and C concentration further confirms this
view.

In our study, N and P concentrations were important for plant community diver-
sity indices, showing significant correlations. Research has demonstrated that
changes in N and P concentrations affect plant community diversity (Zhao et al.,
2010). Both increases and decreases in N and P concentrations influence plant
growth rates, thereby altering plant community diversity (Frenken et al., 2017).
The importance sequence of ecological stoichiometry for plant community diver-
sity shows that C:N and C:P ratios also had significant impacts, along with N
concentration. The C:N and C:P ratios provide insight into plants’ ability to
absorb nutrients and assimilate C (Bell et al., 2018) and can reflect nutritional
efficiency to some extent (Liu et al., 2010). Plant communities have different
C sequestration efficiencies, while C accumulation efficiency and storage capac-
ity are associated with N and P supplies that limit plant growth. Ultimately,
ecological stoichiometry and plant community diversity appear closely linked
(Castellanos et al., 2018).

5 Conclusions

This study confirms the importance of ecological stoichiometry in driving plant
community diversity within desert ecosystems. First, stoichiometric concentra-
tions, particularly C and N, were greater in communities closer to the riparian
zone. Second, plant community diversity indices were also greater near the ripar-
ian zone, though this pattern reversed with increasing distance. Furthermore,
RDA showed that N concentration was a key factor affecting plant community
diversity in the Tarim River. In conclusion, under the extreme environmen-
tal conditions of nutrient and water scarcity, desert plants in the Tarim River
have developed special ecological stoichiometry characteristics to maintain plant
community diversity.

Acknowledgements: This study was funded by the National Natural Science
Foundation of China (41461105). We thank Dr. Emily Drummond (The Uni-
versity of British Columbia, Canada) for assistance with English language and
grammatical editing of the manuscript.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

References

Allen A P, Gillooly J F. 2009. Towards an integration of ecological stoichiome-
try and the metabolic theory of ecology to better understand nutrient cycling.
Ecology Letters, 12(5): 369-384.

Bao S N. 2000. Soil Agrochemical Analysis. Beijing: China Agricultural Press,
20-38. (in Chinese)

Behera S K, Mishra A K, Sahu N, et al. 2012. The study of microclimate in
response to different plant community association in tropical moist deciduous
forest from northern India. Biodiversity and Conservation, 21(5): 1159-1176.

Bell D W, Denham S, Smith E M, et al. 2018. Temporal variability in ecological
stoichiometry and material exchange in a tidally dominated estuary (North Inlet,
South Carolina) and the impact on community nutrient status. Estuaries and
Coasts, 41(8): 2223-2239.

Bu C N, Wang Y, Ge C H, et al. 2017. Dissimilatory nitrate reduction to
ammonium in the Yellow River Estuary: Rates, abundance, and community
diversity. Scientific Reports, 7(1): 6830-6853.

Bustos-Segura C, Poelman E H, Reichelt M, et al. 2017. Intraspecific chemical
diversity among neighbouring plants correlates positively with plant size and
herbivore load but negatively with herbivore damage. FEcology Letters, 20(1):
87-97.

Cao Y, Chen Y M. 2017. Ecosystem C:N:P stoichiometry and carbon storage
in plantations and a secondary forest on the Loess Plateau, China. FEcological
Engineering, 105: 125-132.

Castellanos A E; Llano-Sotelo J M, Machado-Encinas L I, et al. 2018. Foliar C,
N, and P stoichiometry characterize successful plant ecological strategies in the
Sonoran Desert. Plant Ecology, 219(7): T75-788.

Chen Y. 2013. Habitat suitability modeling of amphibian species in southern
and central China: environmental correlates and potential richness mapping.
Science China Life Sciences, 56(5): 476-484.

Conti G, Diaz S. 2013. Plant functional diversity and carbon storage-an empir-
ical test in semi-arid forest ecosystems. Journal of Ecology, 101(1): 18-28.

Elser J J, Fagan W F, Denno R F, et al. 2000. Nutritional constraints in
terrestrial and freshwater food webs. Nature, 408(6812): 578-580.

Elser J J, Bracken M E S, Cleland E E, et al. 2007. Global analysis of nitro-
gen and phosphorus limitation of primary producers in freshwater, marine and
terrestrial ecosystems. Ecology Letters, 10(12): 1135-1142.

Elser J J, Sterner R W, Gorokhova E, et al. 2010. Biological stoichiometry from
genes to ecosystems. Ecology Letters, 3(6): 540-550.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

Frenken T, Wierenga J, Gsell A S, et al. 2017. Changes in N:P supply ra-
tios affect the ecological stoichiometry of a toxic cyanobacterium and its fungal
parasite. Frontiers in Microbiology, 8(1015): 115-126.

Freudenberger L, Hobson P R, Schluck M, et al. 2012. A global map of the
functionality of terrestrial ecosystems. Ecological Complexity, 12(1): 13-22.

Frost P C, Stelzer R S, Lamberti G A, et al. 2002. Ecological stoichiometry of
trophic interactions in the benthos: Understanding the role of C:N:P ratios in
lentic and lotic habitats. Journal of the North American Benthological Society,
21(4): 515-528.

Gong L, He G, Liu W G. 2016. Long-term cropping effects on agricultural
sustainability in Alar Oasis of Xinjiang, China. Sustainability, 8(1): 61-78.

Grazyna P, Ostrowska A. 2018. Nutrient demand and elemental stoichiome-
try of plants in wetland ecosystems in the Biebrza Valley, Poland. Journal of
Elementology, 23(3): 887-899.

Haddad N M, Crutsinger G M, Gross K, et al. 2011. Plant diversity and the
stability of foodwebs. Ecology Letters, 14(1): 42-46.

Halvorson H M, Sperfeld E, Evans-White M A. 2017. Quantity and quality
limit detritivore growth: mechanisms revealed by ecological stoichiometry and
co-limitation theory. Ecology, 98(12): 2995-3002.

Heyburn J, Mckenzie P, Crawley M J, et al. 2017. Effects of grassland manage-
ment on plant C:N:P stoichiometry: implications for soil element cycling and
storage. Ecosphere, 8(10): 156-177.

Hsu J C. 1996. Multiple Comparisons. New York: Springer, 56-66.

Huang J, Yu H, Liu J, et al. 2018. Phosphorus addition changes belowground
biomass and C:N:P stoichiometry of two desert steppe plants under simulated
N deposition. Scientific Reports, 8: 3400.

Kerkhoff A J, Enquist B J, Elser J J, et al. 2005. Plant allometry, stoichiometry
and the temperature-dependence of primary productivity. Global Ecology and
Biogeography, 14(6): 585-598.

Li Y G, Zhou X B, Zhang Y M. 2019. Shrub modulates the stoichiometry of
moss and soil in desert ecosystems, China. Journal of Arid Land, 11(4): 579-
594.

Liu J, Liang S C, Liu F H, et al. 2005. Invasive alien plant species in China:
regional distribution patterns. Diversity and Distributions, 11(4): 341-347.

Liu Z F, Fu B J, Zheng X X, et al. 2010. Plant biomass, soil water content
and soil N:P ratio regulating soil microbial functional diversity in a temperate
steppe: A regional scale study. Soil Biology and Biochemistry, 42(3): 445-450.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

Liu Z Y, Baoyin T, Sun J, et al. 2018. Plant sizes mediate mowing-induced
changes in nutrient stoichiometry and allocation of a perennial grass in semi-
arid grassland. Ecology and Evolution, 8(6): 3109-3118.

Makino W, Cotner J B, Sterner R W, et al. 2003. Are bacteria more like
plants or animals? Growth rate and resource dependence of bacterial C:N:P
stoichiometry. Functional Ecology, 17(1): 121-130.

Merritt D M, Nilsson C, Jansson R. 2010. Consequences of propagule dispersal
and river fragmentation for riparian plant community diversity and turnover.
Ecological Monographs, 80(4): 609-626.

Moorthi S D, Schmitt J A, Ryabov A, et al. 2016. Unifying ecological stoi-
chiometry and metabolic theory to predict production and trophic transfer in
a marine planktonic food web. Philosophical Transactions of the Royal Society
B: Biological Sciences, 371(1694): 1-10.

Naeem S, Li S. 1997. Biodiversity enhances ecosystem reliability. Nature,
390(6659): 507-509.

Pelini S L, Diamond S E, Nichols L M, et al. 2014. Geographic differences in
effects of experimental warming on ant species diversity and community com-
position. Ecosphere, 5(10): 1-12.

Plach J M, Macrae M L, Ali G A, et al. 2017. Supply and transport limitations
on phosphorus losses from agricultural fields in the lower great lakes region,
Canada. Journal of Environmental Quality, 47(1): 96-105.

Qu F Z, Meng L, Yu J B, et al. 2017. Influences of micro-geomorphology on
the stoichiometry of C, N and P in chenier island soils and plants in the Yellow
River Delta, China. PLOS ONE, 12(12): e¢0189431.

Reich P B, Hobbie S E, Lee T, et al. 2006. Nitrogen limitation constrains
sustainability of ecosystem response to CO,. Nature, 440(7086): 922-925.

Saitta A, Anslan S, Bahram M, et al. 2018. Tree species identity and diversity
drive fungal richness and community composition along an elevational gradient
in a Mediterranean ecosystem. Mycorrhiza, 28(1): 39-47.

Sardans J, Rivas-Ubach A, Pefiuelas J. 2011. Factors affecting nutrient con-
centration and stoichiometry of forest trees in Catalonia (NE Spain). Forest
Ecology and Management, 262(11): 2024-2034.

Seastedt T R, Vaccaro L. 2001. Plant species richness, productivity, and ni-
trogen and phosphorus limitations across a snowpack gradient in alpine tundra,
Colorado, U.S.A. Arctic, Antarctic, and Alpine Research, 33(1): 100-106.

Shang B, Feng Z, Li P, et al. 2018. Elevated ozone affects C, N and P ecologi-
cal stoichiometry and nutrient resorption of two poplar clones. Environmental
Pollution, 234: 136-144.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

Snyder W E, Snyder G B, Finke D L, et al. 2006. Predator biodiversity strength-
ens herbivore suppression. Ecology Letters, 9(7): 787-796.

Soufbaf M, Fathipour Y, Hui C. 2017. Artificial diversity of plant-insect com-
munities and modern crop stoichiometry in small closed patches in greenhouse.
Journal of Agricultural Science and Technology, 19(6): 1291-1302.

Sperfeld E, Wagner N D, Halvorson H M, et al. 2017. Bridging ecological stoi-
chiometry and nutritional geometry with homeostasis concepts and integrative
models of organism nutrition. Functional Ecology, 31(2): 286-296.

Sures B, Knopf K, Wiirtz J, et al. 1999. Richness and diversity of parasite
communities in European eels Anguilla anguilla of the River Rhine, Germany,
with special reference to helminth parasites. Parasitology, 119(3): 323-330.

Tao Y, Wu G L, Zhang Y M, et al. 2016. Leaf N and P stoichiometry of 57 plant
species in the Karamori Mountain Ungulate Nature Reserve, Xinjiang, China.
Journal of Arid Land, 8(6): 935-947.

Tilman D, Wedin D, Knops J. 1996. Productivity and sustainability influenced
by biodiversity in grassland ecosystems. Nature, 379(6567): 718-720.

Tuboi C, Hussain S A. 2018. Plant community structure of the floating meadows
of a hypereutrophic wetland in the Indo-Burma biodiversity hotspot. Aquatic
Botany, 150: 71-81.

Vilela D S, Ferreira R G, Del-Claro K. 2016. The Odonata community of a
Brazilian vereda: seasonal patterns, species diversity and rarity in a palm swamp
environment. Bioscience Journal, 32(2): 486-495.

Xiang Y L, Xiang Y X, Wang L P, et al. 2018. Effects of sewage sludge modified
by coal gasification slag and electron beam irradiation on the growth of Alhagi
sparsifolia Shap. and transfer of heavy metals. FEnvironmental Science and
Pollution Research, 25(12): 11636-11645.

Yachi S, Loreau M. 1999. Biodiversity and ecosystem productivity in a fluc-
tuating environment: the insurance hypothesis. Proceedings of the National
Academy of Sciences of the United States of America, 96(4): 1463-1471.

Yan E R, Wang X H. 2008. N:P stoichiometry in secondary succession in ev-
ergreen broad-leaved forest, Tiantong, East China. Journal of Plant Ecology,
32(1): 13-22. (in Chinese)

Yan W, Zhong Y, Zheng S, et al. 2016. Linking plant leaf nutri-
ents/stoichiometry to water use efficiency on the Loess Plateau in China.
Ecological Engineering, 87(12): 124-131.

Yan Z B, Kim N, Han X W, et al. 2015. Effects of nitrogen and phosphorus
supply on growth rate, leaf stoichiometry, and nutrient resorption of Arabidopsis
thaliana. Plant and Soil, 388(1-2): 147-155.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

Yan Z, Han W X, Penuelas J, et al. 2016. Phosphorus accumulates faster than
nitrogen globally in freshwater ecosystems under anthropogenic impacts. FEcol-
ogy Letters, 19(10): 1237-1246.

Yang Y, Liu B R, An S S. 2018. Ecological stoichiometry in leaves, roots, litters
and soil among different plant communities in a desertified region of Northern
China. Catena, 166: 328-338.

Yang Y H, Chen Y N, Li W L. 2009. Relationship between soil properties and
plant diversity in a desert riparian forest in the lower reaches of the Tarim River,
Xinjiang, China. Arid Land Research and Management, 23(4): 283-296.

Yang Y H, Luo Y. 2011. Carbon:nitrogen stoichiometry in forest ecosystems
during stand development. Global Ecology and Biogeography, 20(2): 354-361.

Yu H, Fan J, Harris W, et al. 2017a. Relationships between below-ground
biomass and foliar N:P stoichiometry along climatic and altitudinal gradients
of the Chinese grassland transect. Plant Ecology, 218(6): 661-667.

YuH, Fan J, Li Y. 2017b. Foliar carbon, nitrogen, and phosphorus stoichiometry
in a grassland ecosystem along the Chinese grassland transect. Acta Ecologica
Sinica, 37(3): 133-139. (in Chinese)

Zechmeister-Boltenstern S, Keiblinger K M, Mooshammer M, et al. 2015. The
application of ecological stoichiometry to plant-microbial-soil organic matter
transformations. Ecological Monographs, 85(2): 133-155.

Zeng Q, Lal R, Chen Y, et al. 2017. Soil, leaf and root ecological stoichiometry
of Caragana korshinskii on the Loess Plateau of China in relation to plantation
age. PLOS ONE, 12(1): e0168890.

Zhang B, Gui D W, Gao X P, et al. 2018. Controlling soil factor in plant growth
and salt tolerance of leguminous plant Alhagi sparsifolia Shap. in saline deserts,
Northwest China. Contemporary Problems of Ecology, 11(1): 111-121.

Zhang C H, Willis C G, Klein J A, et al. 2017. Recovery of plant species di-
versity during long-term experimental warming of a species-rich alpine meadow
community on the Qinghai-Tibet Plateau. Biological Conservation, 213: 218-
224.

Zhang J, Zhao N, Liu C, et al. 2017. C:N:P stoichiometry in China’ s forests:
From organs to ecosystems. Functional Ecology, 55(10): 33-68.

Zhang Q, Bell L W, Shen Y, et al. 2018. Indices of forage nutritional yield
and water use efficiency amongst spring-sown annual forage crops in north-west
China. FEuropean Journal of Agronomy, 93(5): 1-10.

Zhao Y J, Liu B, Zhang W G, et al. 2010. Effects of plant and influent C:N:P
ratio on microbial diversity in pilot-scale constructed wetlands. FEcological En-
gineering, 36(4): 441-449.

Note: Figure translations are in progress. See original paper for figures.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

ChinaRxiv [$X]

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202006.00244 Machine Translation


https://chinarxiv.org/items/chinaxiv-202006.00244

	Relationship between ecological stoichiometry and plant community diversity in the upper reaches of Tarim River, northwestern China: Postprint
	Abstract
	Full Text
	Preamble
	1 Introduction
	2.1 Study Area
	2.2 Methods
	2.3 Leaf Analyses
	2.4 Alpha Diversity Indices
	2.5 Ecological Stoichiometry
	2.6 Statistical Analyses
	3.1 Characteristics of Ecological Stoichiometry in Different Communities
	3.2 Characteristics of Plant Community Diversity Index in Different Communities
	3.3 Correlations between Ecological Stoichiometry and Plant Community Diversity Index
	4.1 Characteristics of Ecological Stoichiometry
	4.2 Characteristics of Plant Community Diversity
	4.3 Correlations between Ecological Stoichiometry and Plant Community Diversity Index
	5 Conclusions
	References


