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Abstract: The stoichiometric characteristics of plant nitrogen (N) and phosphorus (P) and their
correlations with soil properties are regarded as key for exploring plant physiological and ecolog-
ical processes and predicting ecosystem functions. However, quantitative studies on the relative
contributions of water–salt gradients and nutrient gradients to plant stoichiometry are limited. In
addition, previous studies have been conducted at the plant species and individual levels, meaning
that how community-scale stoichiometry responds to soil properties is still unclear. Therefore, we
selected typical sample strips from 13 sampling sites in arid regions to assess the leaf N and P levels of
23 species of desert plants and measure the corresponding soil water content, total salt content, total
nitrogen content, and total phosphorus content. The aim was to elucidate the main soil properties
that influence the stoichiometric characteristics of desert plants and compare the individual and
community responses to those soil properties. Our results indicated that the growth of desert plants
is mainly limited by nitrogen, with individual plant leaf nitrogen and phosphorus concentrations
ranging from 4.08 to 31.39 mg g−1 and 0.48 to 3.78 mg g−1, respectively. Community stoichiometry
was significantly lower than that of individual plants. A significant correlation was observed between
the mean N concentration, P concentration, and N:P ratio of plant leaves. At the individual plant
scale, aridity significantly reduced leaf N and P concentrations, while high salt content significantly
increased leaf N concentrations. At the community scale, aridity had no significant effects on leaf
nitrogen or phosphorus stoichiometry, while high salinity significantly increased the leaf N:P ratio
and there were no significant interactions between the aridity and salinity conditions. No significant
effects of soil nutrient gradients were observed on plant N and P stoichiometric characteristics at the
individual or community levels. These results suggest that individual desert plants have lower leaf
N and P concentrations to adapt to extreme drought and only adapt to salt stress through higher
leaf N concentrations. The N and P stoichiometric characteristics of desert plant communities are
not sensitive to variations in aridity and salinity in this extreme habitat. The results of this study
could enhance our perceptions of plant adaptation mechanisms to extreme habitats within terrestrial
ecosystems.

Keywords: biogeochemistry; natural grassland; extreme environment; drought stress; adaptation

1. Introduction

Ecological stoichiometry research focuses on the quantitative relationships of carbon
(C), nitrogen (N), and phosphorus (P) concentrations within ecosystems and yields new
insights into the mechanisms of steady-state ecosystem transformations [1–3]. The dynamic
patterns at global and regional scales have received widespread attention [4–7]. As plants
are an important component of the ecosystem, their stoichiometry can be used to interpret
the status and dynamic exchange of nutrient demand and supply within the habitat. Plant
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stoichiometry also serves as an important link between plant physiological processes,
biogeochemical cycles, and ecosystem functions [8–10]. An accurate description of the
plant stoichiometry–habitat interrelationship is important for tracking changes in ecosystem
nutrient cycling and predicting ecosystem productivity and carbon cycles [11,12].

Soil is one of the main habitat factors that affects plant stoichiometry. Plant survival
is influenced by soil water and salt conditions, which can interfere with the evolution of
nutrient supply, demand, and regulatory systems [13]. It has been suggested that drought
and salt stress cause osmotic imbalance and decreased photosynthesis in plants, which in
turn inhibits their nutrient uptake capacity [14,15]. Zhang et al. found that plants allocate
more C to leaves and reduce N and P concentrations as a resource allocation strategy in
response to stress [16]. Luo et al. found that leaf concentrations are positively related to
aridity, which is primarily driven by species turnover [17]. In addition, the nutrient condi-
tions of soil are the main source of nutrients for plant tissues [18–20]. In particular, N and P
are tightly linked to plant functions, such as growth, reproduction, and metabolism [21].
Plants require photosynthetic products for growth and ribosomes for protein synthesis. N
and P, which are essential components of proteins and genetic material, regulate the carbon
sequestration capacity of plants by altering the assimilation rate of CO2 [22,23]. The balance
of N and P is also important for explaining and predicting the underlying mechanisms of
ecosystem functions, environmental stress, and nutrient limitation [24,25]. The frequency
and magnitude of extreme events are increasing due to ongoing global climate change,
which has severe direct and indirect repercussions on soil [26–28]. More specifically, these
events, such as heavy rainfall, drought, nitrogen deposition, and hurricanes, affect nutrient
cycling and its effectiveness by altering the water–salt contents and nutrient conditions
of soil [29–31]. High temperatures and aridity, for example, can modify soil particle size,
water and salt contents, organic matter decomposition rates, and nutrient inputs, while
prompting plants to optimize nutrient allocation within their tissues in response to habitat
change [30,32]. Therefore, identifying the potential driving mechanisms of these two soil
properties (water and salt contents and nutrient conditions) in the adaptation of plant
stoichiometry to extreme habitats could help to reveal the nutrient partitioning strategies
and coupling between plants and soil.

Although there is considerable evidence for the influence of soil water–salt conditions
and nutrient conditions on plant stoichiometry, few scholars have compared the relative
contributions of water–salt contents and nutrients to plant stoichiometry in extreme habitats
and the accurate identification of the main factors that drive plant stoichiometry is lacking.
Our understanding of plant–soil nutrient cycling has mostly so far come from studies that
were performed to investigate individual- and species-level responses [33–35], meaning
that few mechanisms are known in terms of the responses of community stoichiome-
try [36,37]. This knowledge gap prevents us from developing an accurate understanding
of the response strategies of plants in extreme habitats to climate change because the
biochemical cycling of nitrogen and phosphorus may become decoupled in extreme habi-
tats [38–42] and the contribution of soil water–salt conditions to plant stoichiometry may
be underestimated [3,43]. In addition, plant communities are the product of reciprocal,
competitive, and co-evolutionary interactions between individuals, which can directly
and accurately reflect the nature and dynamic characteristics of ecosystem functions [10].
Plant community stoichiometry is constrained by factors such as species composition,
abundance, and nutrient limitation and the community adaptation processes to habitats are
different from those of individual plants [44,45]. Studies that ignore community stoichio-
metric response mechanisms may bias our understanding of soil–plant nutrient cycling.
Moreover, strong environmental screening can alter the ecological needs and strategies
of plants [46] and previous findings have not applied to extreme habitats [38,47]. For
example, in nitrogen-limited habitats, the relative growth rate of plants was found to be
positively correlated to the N:P ratio, while in phosphorus-limited habitats, it was found
to be negatively correlated [48]. This study suggested that a feasible approach would be
to identify the mechanisms driving both the soil water–salt conditions and the nutrient
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conditions pathways for individual and community stoichiometric characteristics to gain
more precise insights.

Addressing this issue is particularly important for arid zones due to the climatic
conditions of high temperature, sparse rainfall, and strong evaporation, meaning that
ecosystems experience the extremes of aridity, salinization, and nutrient depletion in the
soil. In the context of climate change, arid zones are at risk of severe degradation [49,50].
Based on the biogeochemical hypothesis that soil nutrient effectiveness has a significant
effect on plant nutrients and is influenced by temperature and precipitation due to organic
matter decomposition and leaching effects [51], we hypothesized that (1) soil water and salt
conditions regulate plant stoichiometry more than soil nutrients, based on a community
species turnover strategy that alters stoichiometric plasticity and adaptation in response
to environmental change [52]. We also hypothesized that (2) community stoichiometry is
more stable in the face of stress compared to that of individuals. Answering these questions
could help us to further understand the potential value of nutrient cycling between soil and
plants in a changing climate. To verify the above hypotheses, we selected typical sample
strips from13 sampling sites in the Kalamaili Mountain Nature Reserve to assess the leaf
N and P levels of 23 species of desert plants and measure the corresponding soil water
content, total salt content, total N content, and total P content. Answering these questions
could help us to elucidate both the stoichiometric characteristics of desert plants at the
individual and community levels and their mechanisms for coping with extreme habitats.

2. Material and Methods
2.1. Study Area and Sampling Sites

The study area is located in the Kalamaili Mountain Nature Reserve, China (88◦30′–
90◦03′ E, 44◦36′–46◦00′ N), in the hinterland of the Asian continent in the mid-latitudes of
the Northern Hemisphere (Figure 1). It has a temperate continental arid climate, charac-
terized by extreme dryness and sparse rainfall (159.1 mm/annum) that is accompanied
by windy weather and a strong annual average evaporation of about 2090.4 mm [53]. The
main soil types are calcic Solonchaks [54].
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The desert plants in this region have the biomes of both the Central Asian desert and
the Mongolian Gobi Desert, as well as unique external morphologies, internal structures,
reproductive activity, and interspecific associations [55], which are of priceless ecological
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significance. The dominant community types in this region include Haloxylon ammodendron,
Krascheninnikovia ceratoides, Reaumuria songarica, Artemisia songarica, Anabasis salsa, and Stipa
glareosa. In this study, 13 sampling sites were randomly surveyed based on differences in
soil properties. There were no differences in temperature or precipitation between these
sampling sites and they were not subject to any domestic grazing activities or disturbed by
other human beings. The spacing between the sampling sites was approximately 1 km. The
sampling locations were referenced by GPS for latitude, longitude, and elevation (eTrex
Venture, Garmin, Olathe, KS, USA).

2.2. Sampling and Measurements

Field sampling took place from 15 to 20 August 2019. At each of the 13 sites, 5
randomly selected 10 m × 10 m sample squares (65 squares in total) were selected to
collect plant and soil samples. The species names of the present plants, the abundance of
individuals of each species, the individual cover of each species, and the average height of
each species (23 species in total within the study area) were recorded in each sample square
and used to estimate the importance value of each species. To measure plant nitrogen and
phosphorus stoichiometry, 10 individual plants of each species were selected from each
sample square (when the number of individuals of the species in the sample square was
less than 10, the sample could be replicated outside the nearest sample square), from which
30–50 healthy and fresh leaves were collected (171 leaf samples in total). The collected leaf
samples were rinsed twice in the field using deionized water. The aim was to reduce the
influence of the dust that adhered to the leaves on the experimental results. They were
then immediately stored in a drying oven at 105 ◦C and dried for 30 min to reduce nutrient
loss due to the respiration and decomposition of the leaves. After being taken back to the
laboratory, the leaf samples were dried to a constant weight in a drying oven at 70 ◦C. After
grinding and passing the dried leaf samples through a 1-mm sieve (Retsch mm 400; Retsch,
Haan, Germany), the leaf N concentrations were analyzed using a PE–2400 CHN analyzer
(Perkin Elmer, Foster City, CA, USA). The leaf P concentrations were determined using the
molybdate/stannous chloride method after H2SO4–H2O2–HF digestion [56]. The plant N:P
ratio was calculated from the above data, as was the characterization of plant absorption
and storage trade-offs for various nutrients [57]. Studies have shown that an N:P ratio
of < 14 suggests N limitation, an N:P ratio of > 16 suggests P limitation, and an N:P ratio
between 14 and 16 suggests either N or P limitation or both [58].

To obtain accurate information about the soil properties, soil samples were collected
from a depth of 0–40 cm after the removal of vegetation and litter from each sample square
(65 soil samples with 5-cm diameters were collected in total). Plant roots, gravel, and
debris were removed from the soil samples, which were then mixed thoroughly and the
fresh weight was recorded in the field. The soil samples were then immediately placed
in a refrigerator at 4 ◦C and taken back to the laboratory. The soil samples were dried to
a constant weight in a drying oven at 105 ◦C. The dry weight was recorded and the soil
water content was measured using the weight method. The soil total N concentrations were
measured using the Kjeltec System 2300 Analytical Unit (Tecator, Höganäs, Sweden). The
soil total P concentration was determined using the molybdate/ascorbic acid blue method
after digestion with HClO4 and H2SO4 acid [59]. The soil salt content was obtained by
drying the soil extraction to a constant weight (weight M1) at 105–110 ◦C. After removing
the organic matter from the dried sample using H2O2, the weight (M2) was recorded. The
soil salt content was calculated as M1 −M2.

2.3. Data Analysis

In this study, the nutrient coupling between individual plants and soil properties
was measured by calculating the mean values of the plant N and P stoichiometry and the
soil properties at the sample square level (Table 1). Community composition within the
study area was described by calculating the species importance values (Equation (1)) at
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the sample square level (Figure 2). The higher the importance value of a species, the more
dominant it is within the community [60].

The importance value = (relative height + relative abundance + relative cover)/3 (1)
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Figure 2. The importance values of the 23 plant species in the 13 sampling sites.

To reflect the coupling of the plant and soil nutrients at the community level, the
indicators that were related to soil properties were averaged at the sampling site level. The
plant community stoichiometry was obtained by calculating the community–weighted
nitrogen and phosphorus stoichiometries (Equation (2)).

yj = ∑n
i=1(xi × ai × hi) (2)

In the formula, yj is the weighted mean of the community N or P stoichiometry
(mg g−1) or the N:P ratio at sampling site j, xi is the average leaf N or P concentrations or
the N:P ratios of the species i at sampling site j, ai is the relative abundance of species i at
sampling site j, and hi is the relative plant height of species i at sampling site j.

Table 1. Soil properties at the 13 sampling sites.

Sites Soil Water Content
(%)

Soil Salt Content
(g kg−1)

Soil N Concentration
(mg g−1)

Soil P Concentration
(mg g−1)

s1 8.2 d 1.059 b 0.419 ab 0.654 ab

s2 8.7 d 3.332 b 0.685 ab 0.713 a

s3 18.2 c 1.181 b 0.376 ab 0.661 ab

s4 18.6 c 18.009 a 0.646 ab 0.688 ab

s5 18.7 c 0.406 b 0.252 b 0.557 ab

s6 8.6 d 16.650 a 0.348 ab 0.694 ab

s7 38.9 a 22.000 a 1.210 a 0.802 a

s8 26.6 b 0.672 b 0.814 a 0.746 a

s9 8.9 d 1.459 b 0.306 b 0.575 ab

s10 24.6 b 1.306 b 0.263 b 0.659 ab

s11 21.6 bc 21.692 a 0.237 b 0.522 ab

s12 11 d 2.646 b 0.174 b 0.494 ab

s13 9.1 d 7.633 ab 0.275 b 0.453 b

Note: Common letters (a, b or c) represent no significant difference between the two samples (p > 0.05).

All data were subjected to the Kolmogorov–Smirnov test and the Levene test before
analysis. When necessary, a natural log transformation was applied to the data to meet the
assumption of the normal distribution of the data and the homogeneity of variances [61].
One-way analysis of variance was used to examine the differences between the individual
plant and community nitrogen and phosphorus stoichiometries, as well as the differences
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between the soil properties of the sample squares. Linear regression was used to analyze
the responses of the N and P stoichiometric characteristics of individual plants and the
community to the fluctuations produced by the soil properties. The above statistical
analyses were conducted using the SPSS statistical package (PASW statistics 21.0; IBM
Corporation, Armonk, NY, USA) and SigmaPlot 12.5 (SyStat Software Inc., San Jose, CA,
USA). Variance partitioning analysis was used to quantify and disentangle the relative
contributions of soil water and salt conditions and nutrient conditions to community N
and P stoichiometries. This was performed using the R studio (vegan, ade4, gclus, ape,
psych) package.

3. Results
3.1. Plant Community Composition and Soil Properties

In this study, 23 plant species were identified in the 13 sample sites. The spatial
distribution of the dominant species showed heterogeneity (Figure 2). Sampling sites s1,
s2, s4, s5, and s9 were Artemisia desert with a small shrub (Artemisia songarica) as the
dominant species. Sampling sites s3, s7, and s12 were typical small tree and shrub desert
with Haloxylon ammodendron and Ephedra przewalskii as the dominant species. Sampling
sites s6, s8, s10, and s13 were dominated by the perennial herbs Krascheninnikovia ceratoides,
Achnatherum splendens, Seriphidium terrae-albae, and Stipa caucasica. The dominant species at
sampling site s11 was the annual herb Salsola collina.

There was substantial variation in soil properties among the 13 sampling sites (Table 1).
The variations in soil water content ranged from 8.17% to 38.9%, with the lowest and highest
values occurring at s1 and s7, respectively. Variations in soil salt content ranged from 0.406
(s5) to 22.000 (s7) g kg−1. Soil total N concentrations ranged from 0.174 (s12) to 1.209 (s7)
mg g−1 and soil total P concentrations ranged from 0.453 (s13) to 0.802 (s7) mg g−1.

3.2. Individual Plant Stoichiometric Characteristics in Relation to Soil Properties

In this study, the leaf N concentrations, P concentrations, and N:P ratios of 23 plant
species ranged from 4.08 to 31.39 mg g−1, from 0.48 to 3.78 mg g−1, and from 2.63 to
22.52, respectively. Significant correlations between the N and P concentrations and the
N:P ratios of plant leaves were found (Figure 3), Along with positive and significant
correlations between the leaf N and P concentrations (p < 0.05) and a highly significant
positive correlation between the leaf N concentrations and the N:P ratios (p < 0.01). By
contrast, a highly significant and negative correlation was observed between the leaf P
concentrations and the N:P ratios (p < 0.01).
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Figure 3. Relationships between leaf N and P concentrations and N:P ratios. Note: the significant
differences are reported from one-way analysis of variance as *, p < 0.05; **, p < 0.01.

The concentrations of both N and P in the leaves positively and highly significantly
correlated with the soil water content (Figure 4A,E; p < 0.01). Leaf N concentration also
reached significant levels of positive correlation with soil salinity (Figure 4B; p < 0.05).
N and P stoichiometries between the soil and individual plants were not significant
(Figure 4C,D,G,H,K,L).
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Figure 4. Relationships between individual plant stoichiometric characteristics and soil properties.
(A), Correlation between the individual plant leaf N concentration and soil water content; (B), Corre-
lation between the individual plant leaf N concentration and soil soluble salt content; (C), Correlation
between the individual plant leaf N concentration and soil N concentration; (D), Correlation between
the individual plant leaf N concentration and soil P concentration; (E), Correlation between the
individual plant leaf P concentration and soil water content; (F), Correlation between the individual
plant leaf P concentration and soil soluble salt content; (G), Correlation between the individual plant
leaf P concentration and soil N concentration; (H), Correlation between the individual plant leaf P
concentration and soil P concentration; (I), Correlation between the individual plant leaf N:P ratio
and soil water content; (J), Correlation between the individual plant leaf N:P ratio and soil soluble
salt content; (K), Correlation between the individual plant leaf N:P ratio and soil N concentration;
(L), Correlation between the individual plant leaf N:P ratio and soil P concentration. Note: the
significant differences are reported from one-way analysis of variance as NS, p ≥ 0.05; *, p < 0.05; **, p
< 0.01.

3.3. Plant Community Stoichiometric Characteristics in Relation to Soil Properties

The plant community N and P concentrations and N:P ratios were highly significantly
lower than those of individual plants in all 13 sampling sites (p < 0.01). The community N
concentrations, P concentrations, and N:P ratios ranged from 3.06 to 14.91 mg g−1, from
0.38 to 1.71 mg g−1, and from 2.38 to 8.74, respectively (Figure 5). There were no significant
correlations between the N and P concentrations or the N:P ratio at the community level
and the soil water content, total N or total P content (Figure 6; p > 0.05). However, a positive
correlation between the soil salt content and the N:P ratio of the community reached a
significant level (Figure 6J; p < 0.05).
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Figure 6. Plant community stoichiometry in relation to soil properties. (A), Correlation between
the plant community N concentration and soil water content; (B), Correlation between the plant
community N concentration and soil soluble salt content; (C), Correlation between the plant com-
munity N concentration and soil N concentration; (D), Correlation between the plant community N
concentration and soil P concentration; (E), Correlation between the plant community P concentration
and soil water content; (F), Correlation between the plant community P concentration and soil soluble
salt content; (G), Correlation between the plant community P concentration and soil N concentration;
(H), Correlation between the plant community P concentration and soil P concentration; (I), Correla-
tion between the plant community N:P ratio and soil water content; (J), Correlation between the plant
community N:P ratio and soil soluble salt content; (K), Correlation between the plant community
N:P ratio and soil N concentration; (L), Correlation between the plant community N:P ratio and soil
P concentration. Note: the significant differences are reported from one-way analysis of variance as
NS, p ≥ 0.05; *, p < 0.05.

The variance partitioning analysis provided additional evidence that the community
N concentration was mainly influenced by soil water content, while the single effect value
was 14% (Figure 7A). The soil water content and salt content showed negative effects on
the community P concentration (7% and 15%, respectively) and soil total P content had a
negative feedback effect on the community P concentration (15%, see Figure 7B). The effect
on the community N:P ratio was mainly from soil salt concentration with a single effect
value of 21% (Figure 7C). The variance partitioning analysis also showed that the effects of
soil properties on community stoichiometry were not significant.



Forests 2022, 13, 890 9 of 15

Forests 2022, 13, x FOR PEER REVIEW 9 of 15 
 

 

Correlation between the plant community N:P ratio and soil water content; (J), Correlation between 
the plant community N:P ratio and soil soluble salt content; (K), Correlation between the plant com-
munity N:P ratio and soil N concentration; (L), Correlation between the plant community N:P ratio 
and soil P concentration. 

The variance partitioning analysis provided additional evidence that the community 
N concentration was mainly influenced by soil water content, while the single effect value 
was 14% (Figure 7A). The soil water content and salt content showed negative effects on 
the community P concentration (7% and 15%, respectively) and soil total P content had a 
negative feedback effect on the community P concentration (15%, see Figure 7B). The ef-
fect on the community N:P ratio was mainly from soil salt concentration with a single 
effect value of 21% (Figure 7C). The variance partitioning analysis also showed that the 
effects of soil properties on community stoichiometry were not significant. 

 

Figure 7. The results of the variance partitioning analysis for the community N and P concentrations 
and N:P ratios. 

4. Discussion 

4.1. Soil Nutrients Are Not Associated with Stoichiometric Variation in Desert Plants 

In the current study, the mean leaf N concentration (12.94 mg g−1) of the 23 plant 
species was lower than the range (20.09–26.46 mg g−1) that has been reported for plants in 
terrestrial ecosystems, whereas the mean leaf P concentration (1.39 mg g−1) was close to 
the results (1.46–1.99 mg g−1) that have been reported for plants in terrestrial ecosystems 
[33]. The N:P ratios suggested that N elements were the primary constraint to plant 
growth in the studied region (the average leaf N:P ratio was 10.64). Previous research has 
shown that soil nutrients are the primary regulators of plant stoichiometry and that plant 
growth is mainly controlled by soil phosphorus in habitats with sufficient precipitation 
and by soil nitrogen in environments with little precipitation [62,63]. However, the influ-
ence of soil nutrients on plant stoichiometry was not as significant in this study as prior 

Figure 7. The results of the variance partitioning analysis for the community N and P concentrations
and N:P ratios.

4. Discussion
4.1. Soil Nutrients Are Not Associated with Stoichiometric Variation in Desert Plants

In the current study, the mean leaf N concentration (12.94 mg g−1) of the 23 plant
species was lower than the range (20.09–26.46 mg g−1) that has been reported for plants in
terrestrial ecosystems, whereas the mean leaf P concentration (1.39 mg g−1) was close to the
results (1.46–1.99 mg g−1) that have been reported for plants in terrestrial ecosystems [33].
The N:P ratios suggested that N elements were the primary constraint to plant growth in
the studied region (the average leaf N:P ratio was 10.64). Previous research has shown that
soil nutrients are the primary regulators of plant stoichiometry and that plant growth is
mainly controlled by soil phosphorus in habitats with sufficient precipitation and by soil
nitrogen in environments with little precipitation [62,63]. However, the influence of soil
nutrients on plant stoichiometry was not as significant in this study as prior research has
shown. We found that the relationships were not significant (p > 0.05) by analyzing the
correlations and variance partitioning results between individual plant and community
stoichiometric characteristics and soil nutrients (Figure 4, Figures 6 and 7). This indicates
that the coupling relationship between the soil and plant nutrients is mutated in extreme
habitats.

Compared to other non-desert ecosystems, the saline–alkaline soil (enriched in Ca
and Mg ions and high conductivity) in this study area increased the forms of N and P
solidification and reduced enzyme activity, nutrient mineralization, and soil organic matter
decomposition rates [58,64], resulting in increased nutrient transfer costs between the plants
and soil [65]. Furthermore, the extremely poor soil nutrient conditions acted as a strong
environmental filter for desert plants. The physiological and ecological processes of plants
could also explain the weak responses of their nitrogen and phosphorus stoichiometries
to soil nutrients. There were significant correlations between leaf N and P concentrations
and the N:P ratios of individual plants in the study area (Figure 3), with a significant
positive correlation between leaf N and P concentrations (p < 0.05) and a highly significant
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correlation between leaf N and P concentrations and N:P ratios (p < 0.01). This shows
that the relative consistency of N and P changes in the leaves of desert plants in nutrient-
poor soil can avoid limitation or toxicity caused by N and P concentrations, which is
a strong guarantee for plants growing and developing stably. In addition, the growth
rate hypothesis proposed that rapid-growth plants have greater nutrient requirements
and are more susceptible to nutrient limitation [66,67]. By contrast, desert plants in this
study area developed exceedingly slowly, thereby obscuring the nutrient coupling between
the plants and the soil. Furthermore, the unique nutrient recycling and redistribution
strategies of desert plants also minimized the dependence of plant stoichiometry on soil
nutrients [68,69].

4.2. Aridity and High Salinity Drive the Individual and Community Stoichiometric Characteristics
of Desert Plants

This study discovered that in extreme desert environments, soil water and salt con-
ditions, particularly soil water content, contributed more to plant stoichiometry than soil
nutrients. This result supports Hypothesis 1 of this paper. In this study, soil water con-
tent had highly significant and positive correlations with individual plant leaf N and P
concentrations (Figure 4) and promoted the accumulation of community N concentrations
(Figure 6). The interaction between soil water content and soil salt content positively
affected the community P concentrations. Plant stoichiometry is not only dependent on
nutrient concentrations in the soil but is also limited by soil nutrient effectiveness [70,71],
mobility [72], and plant ecophysiological properties [73]. Soil water content is the main
soil property that interferes with the growth of vegetation in arid areas and limits soil
nutrient contents by limiting vegetation productivity, apoplastic input, decomposition, and
root absorption and utilization [72,74,75]. N and P in the soil need to be converted into
ammonium–N, nitrate–N, and organophosphorus forms through hydrolysis, electrolysis,
and ammonification before they can be taken up by plants [29,76,77]. Nunes et al. found
that aridity limits the metabolic capacity of soil enzymes and produces oxidative damage
that hinders nitrogen fixation [78]. Delgado-Baquerizo et al. found a direct negative effect
of aridity on phosphatase activity [39]. In such extreme habitats, the positive effects of N, P,
and soil water content are related to the specific responses of plants to drought. Aridity
increases the production of abscisic acid and the initiation of protective mechanisms against
stress enzymes. Plants tend to reduce their photosynthetic rates, reduce their leaf surface
area, and divert nutrients to escape drought. The elements N and P play an important
role in drought adaptation as they are the proteomics and metabolomics of plants. In
plants, N is a component of organic compounds (e.g., amino acids, chlorophyll, biological
enzymes, etc.), the basis of genetic material [79], and an effective instrument for enhancing
respiration, resource requirements, and productivity [37,74,80,81]. Higher P concentrations
in plants increase water use efficiency by inhibiting water transpiration per leaf unit [82,83]
and improving stomatal control [84].

Previous studies have confirmed that salt stress increases plant metabolic costs [65,85]
and has an inhibitory effect on plant nutrient accumulation. In salinized desert ecosystems
(areas that are similar to the present study area), no significant correlations between plant
stoichiometric characteristics and soil salinity were found by Gong et al. [86]. In contrast, in
the present study, some plant stoichiometric characteristics showed a positive correlation
with soil salinity. Soil salt content was positively coupled with N concentrations and
N:P ratios at the individual plant and community levels, with individual plant leaf N
concentrations and the community N:P ratios reaching significant levels (Figures 4 and 6; p
< 0.05). The variance partitioning results also showed a 21% contribution of salinity to the
community N:P ratio (Figure 7). The differences between the results found in this study
and those in previous works under desert conditions could be due to regional heterogeneity.
Plants (such as Tamarix spp., Kalidium spp., Equisetum spp., and Salsola spp.) that live in
extreme drought and high-salt habitats display enhanced defense mechanisms against salt
stress by active salt excretion, the isolation of salt ions, and other salt-tolerant methods.
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They can also absorb and accumulate salt to regulate the cellular osmotic functions that
are involved in the absorption of other nutrients by the root system and improve the plant
resistance to stress [87,88]. In addition, it has also been shown that N actively couples
with salt ions from saline plants to synergistically improve soil fertility conditions [89].
By contrast, we did not find any significant relationships between individual plant and
community P concentrations and soil salt content, which could be due to the presence
of many Cl−, SO4

2−, and other anions in the soil that compete with P, resulting in the
decrease in P uptake by plants [90–92] and the high N:P ratio that was positively coupled
with the total soil salt content.

There were differences between the responses of individual plant and community
stoichiometries to soil water content and salt content in the study area. The individual
leaf N and P concentrations (Figure 4) were not statistically significantly correlated with
the average N and P concentrations of the community (Figure 6). This could be due to
the impact of community diversity on resource uptake and storage [17,93]. Gong et al.
found that a water deficit in the topsoil (0–20 cm) inhibits nutrient uptake by desert
community plants and reduces community stoichiometry within the arid zone [86]. They
also found that in response to stress, communities increase opportunities for nutrient
uptake selection or complementary effects through species turnover, thereby masking the
response of individual plant stoichiometry to the mechanism drivers [52]. Abbas et al.
suggested that as species diversity increases, communities change their resource allocation
patterns and transfer more nutrients from the leaves to the stems in competition for light,
resulting in a weakened coupling between leaf stoichiometry and soil properties within the
community [94]. In combination with the findings of this study, the community N and P
concentrations and N:P ratios were significantly lower than the leaf N and P concentrations
and N:P ratios of individual plants (Figure 5; p < 0.01). The soil water content promoted
community N accumulation (Figure 6; even though the relationship was not significant, it
should not be ignored). The soil salt content enhanced the community N:P ratios (Figures 6
and 7). We suggest that desert plant communities try to reduce their sensitivity to soil
properties by limiting nutrient requirements, metabolic rates, and productivity. Desert plant
communities exhibit conservative stoichiometric strategies and stable adaptive capacities
in the face of stress. These findings support our Hypothesis 2. In addition, we all know that
the community N:P ratio is a characteristic mechanism of nutrient regulation that involves
the uptake and interspecific partitioning of N and P elements [95]. The significant positive
correlation between soil salt contents and community N:P ratios in this study suggested
that the community N and P stoichiometries were relatively more sensitive to fluctuations
in salinity. Furthermore, the community actively adjusted its nutrient allocation. This could
be attributed to the dominance of saline plants in the study area. It was shown that the
negative correlation between the leaf N and P concentrations at the community level and
the intensity of stress was mainly due to changes in the shared species [52].

5. Conclusions

In this study, it was found that drought reduces the stoichiometry of plant nitro-
gen and phosphorus, thereby prompting them to decouple from soil nutrients. Desert
plants adapt to high salt stress by accumulating salt ions and increasing their nitrogen
concentration, which results in drought and high salinity being the main soil constraints
to the formation of stoichiometric characteristics in desert plants. Desert plants have also
developed stress tolerance mechanisms that adjust their internal balance of nitrogen and
phosphorus elements and reduce the nutrient requirements of the community. In addition,
we acknowledged the influence of extreme habitat types on the coupling mechanisms be-
tween soil properties and plant stoichiometry and highlighted the need for further research
on plant stoichiometry under different extreme stresses to obtain a more accurate and
comprehensive characterization of the biogeochemical cycles. Overall, our results provide
valuable information about soil properties and plant nutrient cycling under aridity and
high salinity stress and foreshadow greater pressure on vegetation survival in the study
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region within the context of continued climatic dryness in the future, which should be
taken into account when managing ecosystems in arid zones.
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