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Abstract. This study selected Sophora alopecuroides L. in the degraded grassland of the Yili Valley as 

the research target, the comparisons of the stoichiometric ratios of C:N, C:P, N:P before and after 

Sophora alopecuroides invasion in the soil were analyzed, and the eco-stoichiometry of the root, stem, 

and leaf of the plant in the different habitats (forest, roadside, farmland, desert) was discussed, as well as 

effects of habitats and organs on eco-stoichiometry of Sophora alopecuroides. The results showed that 

concentrations of C, N, P and their stoichiometric ratios in roots, stems and leaves changed with habitat, 

and only the concentrations of N and N:P ratios were in the order of leaves > stems > roots. The ratios of 

C:N and C:P were negatively correlated with the corresponding N and P concentrations. The N 

concentration was positively correlated with the P concentration, indicating a consistent demand of N and 

P during Sophora alopecuroides growth. According to the factorial analysis of the general linear model 

(GLM), we concluded that C:N ratio and the N concentration are mainly affected by the organs, while the 

P concentration and C:P ratio are mainly affected by the habitats. 

Keywords: plant, ecological stoichiometry, environment, organ, nutrient utilization 

Introduction 

Carbon, nitrogen and phosphorus are the basic chemical elements needed by plant 

growth. Carbon is the element with the highest dry matter concentration in plant corpus. 

Nitrogen and phosphorus are the important components of protein, enzyme and genetic 

material in cells and the basic elements of organisms (Wang and Yang, 2013; Ou et al., 

2006). The ratio of N:P in plants can be used as an indicator to judge the adaptation of 

plant growth to nutrient supply (Wang et al., 2011). In the field of ecological research, 

chemometrics is usually applied to the study of the main elements of organisms (Aerts 

and Chapinf, 2000). Ecological stoichiometry is a new discipline to explain the balance 

of various chemical elements in ecological interaction. In the field of ecological 

research, stoichiometric characteristics provide a new method to study the main element 

composition of organisms (Michaels, 2003; Elser et al., 2000; Zeng et al., 2013). 

Scholars at home and abroad have studied the relationship between plant nutrient 

elements and environment from different scales (Ashton et al., 2005; Yu et al., 2016). Li 

et al. (2014) and Luo et al. (2016) studied the stoichiometric characteristics of plants in 

different habitats, indicating that plants adjust nutrient utilization strategies to adapt to 

environmental changes, thus enabling them to have a strong ability to adapt to extreme 

environments. 
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Sophora alopecuroides L. is a member of the genus Sophora in the PEA (pea) 

family. It is a perennial herbaceous plant (Yang and Yu, 1998). It appeared in the desert 

regions of northwestern China (Ningxia, Xinjiang, Inner Mongolia, Gansu, Qinghai, 

Tibet, etc.) (Li et al., 2005), and grew mainly in sandy soil and various kinds of salt 

habitats. It has the characteristics of salt-resistance, drought resistance, and sand buried 

resistance. Because the seeds of Sophora alopecuroides can take root and germinate 

quickly in the wet sand, the underground rhizome can reproduce rapidly, the ability to 

spread is very strong (Liu et al., 2017). In the Yili region, a large area of the grassland 

was invaded and spread, forming single dominant community with simple structure and 

few companion species in degraded areas, leading to the decline of grassland quality 

and economic productivity, which has posed a threat to the farming and pastoral areas in 

the region, especially in the degraded grassland area (Lu et al., 2011). At present, there 

are many studies on the medicinal value (Shang et al., 2018; Shi et al., 2019) of 

Sophora alopecuroides and few studies on the ecological stoichiometry of each organ of 

Sophora alopecuroides in different habitats. This study analyzed the changes of C, N 

and P elements and their stoichiometric ratios in roots, stems, and leaves of Sophora 

alopecuroides based on the different habitats, aiming to understand the ecological 

mechanism of the growth environment of Sophora alopecuroides and the adaptation 

mechanism of Sophora alopecuroides in the various habitats, to provide theoretical 

basis for the restoration and protection of degraded grassland ecosystem vegetation. 

Materials and methods 

Experimental site 

The study site is located in the Yili valley of Xinjiang, China (81°05’~91°09’ E, 

43°80’~43°84’ N), which is a typical mountainous grassland area. The climate of this 

region is a temperate continental climate and belongs to the semi-arid region. The 

average annual temperature is 9-11.1 ℃, the average annual precipitation is 250-551.7 

mm and the average annual evaporation is 1621 mm. The altitude is 550-596.2 m. In the 

study area, as shown in Figure 1, we selected the forest (plot-I, at an altitude of 579.1-

588.4 m), roadside (plot-II, 550-551.2 m), farmland (plot-III, 590-593.5 m) and desert 

(plot-IV, 596-596.3 m) invaded by Sophora alopecuroides (coverage up to 80%). 

 

Sample collection 

The habitats invaded by Sophora alopecuroides layout for forest (plot-I), roadside 

(plot-II), farmland (plot-III) and desert (plot-IV). The soil difference analysis of the 

various habitats was shown in Table 1. The pH value of plot-IV was significantly higher 

than that of plot-II and III. The nitrate nitrogen of plot-I was higher than that of plot-II, 

III and IV. The concentrations of total nitrogen and total phosphorus in plot-II was the 

lowest compared with plot-I, III and IV. There was no significant difference in total 

carbon and organic matter concentration in the four habitats. There was no significant 

difference in organic matter concentration in the four habitats. Each habitat was 

randomly set three quadrats (5 m × 5 m). Sophora alopecuroides of uniform growth 

were randomly selected from the quadrat. The above-ground organs of Sophora 

alopecuroides were collected by the harvesting method and the root of Sophora 

alopecuroides were collected by the digging method. The root, stem, and leaf were cut 

into small pieces of 2-4 cm. They were marked and put in an envelope, while it was 
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taken to the laboratory to measure the concentration of the element in each organ. Soil 

samples were collected separately from habitats invaded by Sophora alopecuroides. 

Soil samples were collected at 10 cm intervals and 0-40 cm samples were collected. 

Each soil sample is about 500 g. At the same time, soil samples without invasion of 

Sophora alopecuroides around each habitat were collected. The above samples are used 

for the determination of soil physical and chemical properties. 

 

 

Figure 1. Sketch map of the study area 

 

 
Table 1. Post-hoc test of soil physical and chemical properties in plot-I, II, III and IV 

Plots 
TN 

(g kg-1) 

TP 

(g kg-1) 

TC 

(g kg-1) 

Organic matter 

(g kg-1) 
pH 

Nitrate 

nitrogen 

(mg kg-1) 

Ⅰ 1.06 ± 0.10ab 0.91 ± 0.03a 9.81 ± 1.19a 16.91 ± 2.05a 8.01 ± 0.03b 6.73 ± 1.07a 

Ⅱ 0.48 ± 0.02c 0.64 ± 0.05b 8.34 ± 1.10a 14.37 ± 1.90a 7.84 ± 0.02c 1.67 ± 0.22c 

Ⅲ 1.11 ± 0.09a 1.02 ± 0.50a 9.79 ± 0.64a 16.88 ± 1.11a 7.84 ± 0.03c 1.87 ± 0.05bc 

Ⅳ 0.84 ± 0.08b 0.71 ± 0.20b 6.62 ± 1.51a 11.41 ± 2.01a 8.74 ± 0.05a 3.57 ± 0.48b 

TN, TP, and TC represent total nitrogen, total phosphorus and total carbon; a, b, and c represent the 

significant characteristics of different organs in different habitats (P < 0.05) 

 

 

Experimental method 

The root, stem, and leaf of Sophora alopecuroides were dried naturally, and all 

samples were dried to constant weight at 85 ℃. Each organ of the sample was ground 

by a plant grinder, weighed and bagged for storage. The concentrations of total Carbon, 

total nitrogen and total phosphorus of Sophora alopecuroides were determined. The 

collected soil samples should be air-dried, and the roots and stones in the soil samples 

should be removed and bagged for testing. Total carbon, total nitrogen, total 

phosphorus, organic matter, pH and nitrate nitrogen of the soil were selected for the 

determination of soil physical and chemical properties. 
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Soil and plant TC (Total Carbon) were determined by the potassium dichromate 

volumetric method (external heating method) (Lu, 1999). TN (Total Nitrogen) is 

determined by the perchloric acid sulfuric acid digestion method and by the Fuchs 1035 

automatic nitrogen determinator (Lu, 1999). TP (Total Phosphorus) was determined by 

acid-soluble molybdenum antimony anti colorimetry and Agilent Cary-60 UV 

spectrophotometer (Lu, 1999). 

 

Sample analysis and data processing 

The experimental data were processed using SPSS 24.0 and Excel 2010. The results 

were expressed by the mean and standard deviation (SD). One-way ANOVA was used 

to test the stoichiometric characteristics of C, N, and P in roots, stems, and leaves of 

Sophora alopecuroides and the differences of soil physical and chemical factors. 

Duncan’s method was used for multiple comparisons, and the significance level was 

0.05. The effects of different plots and organs on the C, N, and P concentrations were 

analyzed by GLM. The general linear model (GLM) was used to analyze the principal 

factor effects and interactions, and then the influence of each factor on the 

concentrations of C, N, P, and their stoichiometric characteristics. 

Results 

Comparison of the stoichiometric of C, N, and P in soil samples 

The distribution of RCN (C:N Ratio ), RCP (C:P Ratio) and RNP (N:P Ratio) in the soil 

profile in the invaded and uninvaded soil of Sophora alopecuroides were shown in 

Figure 2. In the profile of the invaded soil, the RCN decreased obviously with the 

increase of depth, and the maximum of the RCN appeared in the 0-10 cm soil layer 

(Fig. 2A). The maximum of RCP was in the surface layer, the RCP in the 20-30 cm soil 

layer was slightly higher than that in the 10-20 cm soil layer (Fig. 2B), and the 

minimum of RCN and RCP appeared in the 30-40 cm soil layer. The RNP changed little, 

and the maximum of the RNP was in the 20-30 cm soil layer (Fig. 2C). In the profile 

uninvaded soil of Sophora alopecuroides, the RCP decreased with the increase of soil 

depth, the maximum of RCN appeared in 10-20 cm soil layer, and the maximum of RCP 

and RNP appeared in 0-10 cm soil layer. The mean of RCN, RCP and RNP were 10.28, 

10.73, 1.05 (invaded soil), 9.71, 10.05, 1.10 (the uninvaded soil). RCN and RCP in the 

invaded soil of Sophora alopecuroides were higher than those in the uninvaded soil, and 

the RNP in the uninvaded soil was slightly higher than that in the invaded soil. 

 

Characteristics of C, N, P concentrations and their stoichiometric ratios in different 

organs of Sophora alopecuroides 

There are differences in the concentrations of C, N, and P in different organs of 

Sophora alopecuroides (Fig. 3). As shown in Figure 3A, the C concentrations showed 

an order of leaves > stems > roots in plot-I, II and III, while stem C concentration was 

slightly higher than that of leaf in plot-IV. There was no significant difference in C 

concentration among plot-I, II and III. There was a significant difference in the 

concentration of C between leaf and root in plot-IV. As shown in Figure 3B, there was 

no significant difference in the concentration of N between leaves and stems in the four 

plots, and there was a significant difference in root N concentration between plot-III and 

IV. As shown in Figure 3C, the leaf P concentration was significantly higher than the 
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stem and root P concentrations in plot-I. The leaf P concentration was significantly 

different from the stem P concentration between plot-III and IV. There was a significant 

difference in P concentration between leaf and root in plot-III. There was a significant 

difference in P concentration between stem and root in plot-III. 

 

 

Figure 2. The distribution of RCN (C:N), RCP (C:P), and RNP (N:P) in the soil profile in the 

invaded soil and in the uninvaded soil. A and B represent significant differences between the 

invaded soil and the uninvaded soil in the different depth (P < 0.05) 

 

 

 

Figure 3. C, N, and P concentrations and their stoichiometry in the organs of Sophora 

alopecuroides in different habitats. A, B and C represent significant differences among organs 

in different habitats (P < 0.05) and a, b and c represent significant differences among the 

different organs in the same habitat (P < 0.05) 
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The stoichiometric ratios of C:N, C:P, and N:P in different organs of Sophora 

alopecuroides showed the regular changes. As shown in Figure 3D, the stoichiometric 

ratio of C:N in plot-II, III, and IV showed the trend of roots > stems > leaves. There 

were significant differences in the C:N ratio between leaf and stem in plot-I, III and IV. 

There was no significant difference in C:N ratio among root, stem and leaf in plot-II. 

The ratio of the C:N did not differ among the four plots. As shown in Figure 3E, there 

were significant differences in the C:P ratio between the leaf and stem of plot-III and 

the leaf and stem of plot-I, II and IV. The ratio of the C:P did not differ among the 

roots, stems and leaves in the four plots. As shown in Figure 3F, the N:P ratio were in 

the order of leaf > stem > root. There was a significant difference in the N:P ratio 

among root, stem, and leaf in the plot-III, but the ratio of N:P did not differ among the 

four plots. 

 

Correlation between C, N, P concentrations and stoichiometric ratio of Sophora 

alopecuroides 

As shown in Figure 4, correlation analysis (Fig. 4A, B, C, D) showed that the 

correlation between C:N ratio and N concentration of Sophora alopecuroides was 

significantly negative (P < 0.01). As shown in Fig. 4E, F, G, I, there was a significant 

negative correlation between C:P ratio and P concentration in plot-I, II, and IV 

(P < 0.05). The correlation between C:P ratio and P concentration was not significant 

in plot-III (P > 0.05). As a whole, the C:N and C:P ratios increase with the decrease 

of their corresponding N and P concentrations. The logarithmic equation in the figure 

can clearly show the above correlation. As shown in Fig. 4I, J, K, L, there was a 

significant positive correlation between N and P concentrations (P < 0.05), There was 

a significant positive correlation between N and P concentrations in plot-III, but there 

was no significant difference between N and P concentrations in plot-II (P > 0.05). 

 

Habitat and organ effect on C, N, P concentrations and their stoichiometric 

characteristics of Sophora alopecuroides 

The effects of organs and habitats on the C, N and P concentrations and their C:N, 

C:P, and N:P ratios of Sophora alopecuroides were quantified by GLM analysis. The 

C, N, and P concentrations and their C:N, C:P, and N:P ratios were affected 

differently by the single factor and the interaction of the two factors. As shown in 

Table 2, C:N ratio and the N concentration are mainly affected by the organs, while 

the P concentration and C:P ratio are mainly affected by the habitats. Organs and 

habitats had no significant effect on the concentration of C. The interaction between 

organs and habitats did not differ in C, N, and P concentrations and their 

stoichiometric ratios. 

Discussion 

Change of C, N, P concentrations and their stoichiometric ratio in organs of Sophora 

alopecuroides 

The concentrations of elements and stoichiometric ratios of roots, stems, and leaves 

of plants vary significantly due to their different functions and storage of nutrients, 

Leaves are the main aboveground components for plants to absorb and store nutrient 

elements. Because leaves are the most metabolic aboveground organs, the 
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concentrations of N and P in leaves are higher than that of roots and stems for storing 

nutrients (Luo and Gong, 2016). In this study, the concentrations of N and P in Sophora 

alopecuroides are consistent with the result. The concentration of P in leaf of Sophora 

alopecuroides in plot-II was slightly lower than that in stems and roots, and the 

concentration of P in soil physical and chemical factors was the lowest. It may be one of 

the reasons why the concentration of P in the leaves cannot be replenished. Leaves are 

the main photosynthetic organ of plants. Leaf C concentration increased during the peak 

growing season, and then it is transported to the stem and root. According to the 

research of Xiao et al., the nutrient content of the stem is generally smaller than that of 

leaves with the increase of plant biomass in most plants growth process (Xiao et al., 

2014). The root is the main organ for the plant to absorb nutrients and transport 

nutrients. Because root grows underground, photosynthesis does not take place here and 

cell metabolism ability is not strong. The main function of the root is to transport 

nutrients and water from the soil, so the accumulation of C element by root is the least. 

Zhao et al. (2014) showed that the root N and P concentrations change because the 

elements flow to other organs. In the process of plant growth, the roots are growing. 

The root maintains its growth by absorbed nutrient elements, and output a lot of 

nutrients to assist the growth of other organs. The concentrations of N and P in roots are 

relatively lower. 

 

 
Figure 4. Relationship between the ratio of C:N and N concentration, between the ratio of C:P 

and P concentration, and between N and P concentration of Sophora alopecuroides in different 

habitats 
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Table 2. GLM analysis of habitat and organ effects on C, N, P concentrations and their 

stoichiometric characteristics 

Independent 

variable 

Dependent 

variable 

Quadratic 

sum 
DOF Mean square F Significance 

Organ 

C 23779.651 2 11889.826 5.920 0.080 

N 3655.346 2 1827.673 52.586 0.000 

P 0.440 2 0.220 2.472 0.106 

C:N 4480.742 2 2240.371 31.678 0.000 

C:P 17117.127 2 8558.564 0.673 0.519 

N:P 1552.806 2 776.403 62.036 0.000 

Plot 

C 7221.278 3 2407.093 1.199 0.332 

N 169.318 3 56.439 1.624 0.210 

P 1.809 3 0.603 6.782 0.020 

C:N 452.333 3 150.778 2.132 0.123 

C:P 213173.795 3 71057.932 5.590 0.005 

N:P 113.479 3 37.826 3.022 0.049 

Organ × Plot 

C 8981.013 6 1496.835 0.745 0.619 

N 193.952 6 32.325 0.930 0.491 

P 0.602 6 0.100 1.129 0.376 

C:N 224.739 6 37.457 0.530 0.780 

C:P 23314.623 6 3885.770 0.306 0.928 

N:P 46.202 6 7.700 0.615 0.716 

 

 

The ability of the plant to absorb nutrient and assimilate C can be expressed by C:N 

and C:P ratios of leaves, which reflect the productivity that can be achieved by unit 

nutrient supply and the utilization efficiency of the plant to absorb nutrition. The 

nutrient limitation of the environment on plants can be shown by the N:P ratio. In order 

to adapt to the changes of the environment, plants will adjust concentrations of the 

nutrient elements, namely the changes of stoichiometric ratios. The stoichiometric ratios 

form a certain feedback relationship between the environment and plants (Jiang et al., 

2014; Xia et al., 2014; Carrie et al., 2015). Plant N:P ratio reflects the N and P nutrient 

conditions of its environment. It can judge the nutrient supply of the environment for 

plant growth and the growth rate of the plant (Li et al., 2012). In the extreme desert 

environment, the soil showed a severe N deficiency, and the concentrations of N and P 

and the ratio of N:P in leaves were significantly different (Tao et al., 2015). In this 

study, we can find that the N:P ratio of leaf was greater than that of other organs. 

Because of the sampling time in September, the roots and stems of plants are mature 

and the nitrogen and phosphorus nutrient elements are relatively stable, while the leaves 

of plants are in the rapid growth stage and the leaves belong to the nutritive organs. 

Leaves need to consume a lot of phosphorus-rich substances (DNA, ATP, etc.) to meet 

the needs of plant growth and reproduction process. Therefore, the ratio of N:P in leaves 

of the same plant is higher than that in roots and stems. The N:P ratio of leaves of 

herbaceous plants were much higher than that of roots (Wu et al., 2010), which was 

consistent with the results of this study. 



Liu et al.: Stoichiometric characteristics in root, stem, and leaf of Sophora alopecuroides L. in the different habitats of the Yili 

Valley, Xinjiang, China 
- 301 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(1):293-305. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1901_293305 

© 2021, ALÖKI Kft., Budapest, Hungary 

Stoichiometric ratio and correlation analysis of Sophora alopecuroides in different 

habitats 

The growth, development, and behavior of organisms are closely related to the 

concentrations of C, N, and P (Dong, 1996). The ratio of N:P in leaves can be used as 

an indicator to judge the nutrient supply of the environment for plant growth (Vitousek 

et al., 1982; Wassen et al., 1995). When leaf N:P ratio < 14, plant growth is mainly 

limited by N; when N:P ratio > 16, plant growth is mainly limited by P; when 14 < N:P 

ratio < 16, plant growth is limited by N and P together (Venterink et al., 2003; Jiang et 

al., 2016). In this paper, N:P ratio > 16 in the leaves of Sophora alopecuroides in four 

habitats showed that the growth of Sophora alopecuroides was mainly limited by P, and 

there was no significant difference in the ratio of N:P in the leaves of Sophora 

alopecuroides in four habitats. To prevent the spread of Sophora alopecuroides in the 

pasture, it may be more effective to control the absorption of P. Correlation analysis 

showed that C:N and C:P ratios have negative correlation with corresponding N and P 

concentrations, and the logarithmic equation can reflect this changing relationship. The 

N and P concentrations have positive correlation and the linear equation showed this 

changing trend better (Fig. 4). The positive correlation between N and P reflected the 

relative consistency of the change of the two nutrient elements in the plant, which is a 

strong guarantee for the stable growth and development of the plant and also one of the 

most basic characteristics of the plant (Wu et al., 2010). 

 

Habitat and organ effects on C, N, P concentrations and their stoichiometric 

characteristics 

Stoichiometric characteristics reflect the synergistic and interactive effects of many 

factors. The changes of stoichiometric characteristics in plants can examine the 

relationship between plants and the environment and judge the structure, function and 

stability of the ecosystem in which plants are located (Tao et al., 2017; Gong et al., 

2017). The distribution of chemical elements in plant organs is the common result of 

environment and phylogeny (Tang et al., 2016). In the growth stage, nutritional 

requirements for Sophora alopecuroides also increased with the improvement of the 

productivity level. Sophora alopecuroides mainly obtain C through photosynthesis of 

leaves, so organs have a relatively large impact on C concentration. N plays a very 

important role in the growth and development of plants. In this study area, the nitrogen 

is insufficient for the growth of Sophora alopecuroides, especially in the roadside 

habitat. Under this nutrient restriction, Sophora alopecuroides can gradually adapt to 

the change of N utilization strategy by adjusting the protein and its metabolite group in 

organs according to its own growth needs (Shao et al., 2013). Zheng et al. (2013) found 

that the adaptation mechanism of plants would change in the low-nutrient environment. 

This is part of survival strategy of Sophora alopecuroides in extreme environment. This 

is an important strategy of plant growth regulation and material distribution and a result 

of plant adaptation to the environment. In the process of natural growth, plants adapt to 

changes in the environment by adjusting the nutrient changes of different organs and 

their stoichiometric ratios (Ping et al., 2014). Therefore, organs have a greater influence 

on C and N concentrations and C:N and N:P ratios. The growth of Sophora 

alopecuroides requires much available P, but its transformation rate of P element is 

relatively lower and the external environment can provide sufficient P source for the 

growth of Sophora alopecuroides, which make its growth stable. The soil nutrients will 
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be reflected in plants and the external environment that affects the absorption of plant 

nutrients (Hu et al., 2014). Therefore, habitats have a greater influence on P 

concentration and C:P ratio of Sophora alopecuroides. 

Conclusions 

The RCN and RCP in the profile of Sophora alopecuroides invasion soil changed 

obviously. RCN showed a “ladder” decline. The maximum of RCN and RCP appeared in 

the 0-10 cm soil layer. RNP did not change significantly and the maximum appeared in 

the 20-30 cm soil layer. RCN, RCP, and RNP in the profile of Sophora alopecuroides 

uninvaded soil are relatively gentle. The maximum of RCN appears in the 10-20 cm soil 

layer. The maximum of RCP appears in the 0-10 cm soil layer and the maximum of RNP 

appears in the 30-40 cm soil layer. N:P ratios (RNP = 1.05-1.10) of the soil is far lower 

than the global average (13.1) (Cleveland and Liptzin, 2007) and the national average 

(5.2) (Tian et al., 2010). Sophora alopecuroides invaded and uninvaded soils were 

limited by N. 

There are differences in the concentrations of C, N, P and their stoichiometric 

ratios in roots, stems and leaves differed with habitat. Only the concentration of N and 

ratio of N:P showed the order of leaves > stems > roots. There was a significant 

difference in the C concentration between root and leaf and there was a significant 

difference in the C concentration between root and stem in plot-IV. But there was no 

significant difference in other habitats. There were significant differences in the 

concentration of N between leaf and root and there were significant differences in the 

concentration of N between leaf and stem in plot-I and IV. There were significant 

differences in the concentration of N among the root, stem and leaf in plot-III. There 

was no significant difference in the concentration of N among the root, stem and leaf 

in plot-II. There was no significant difference in the P concentration among the root, 

stem and leaf in plot-IV. The C:N and N:P ratios of leaf and root were not 

significantly different among the four habitats. There were significant differences in 

the leaf and stem C:P ratios between plot-III and IV. The N:P ratio > 16 of leaves in 

different habitats indicated that the growth of Sophora alopecuroides was mainly 

limited by P. 

Correlation analysis showed that C:N and C:P ratios of Sophora alopecuroides in 

different habitats were negatively correlated with the corresponding N and P 

concentrations, but there was no significant correlation between C:P ratio and P 

concentration in plot-III. There was a positive correlation between N and P 

concentration in the four plots. The results showed that the physiological activities of 

Sophora alopecuroides in different habitats were regulated by N and P. 

The C, N, and P concentrations and their C:N, C:P, and N:P ratios Sophora 

alopecuroides were affected by habitat and organ. C:N ratio and N concentration are 

mainly affected by the organs, while the P concentration and C:P ratio are mainly 

affected by the habitat. This is the nutrient utilization strategy of Sophora alopecuroides 

in different habitats. Sophora alopecuroides adapted to the barren soil environment by 

N and P nutrient utilization strategy. At present, Sophora alopecuroides has become the 

dominant species of degraded pasture in the Yili valley, resulting in the decline of 

grassland quality and economic productivity. It is of great significance to study the 

changes of C, N, and P concentrations of organs in various habitats of Sophora 

alopecuroides for revealing the growth and spread process of Sophora alopecuroides. 
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