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Abstract

:

Velvet ash (Fraxinus velutina Torr.) is a dioecious tree species, which is widely used as a part of urban greeneries in saline land of North China. Female and male trees have different nutrient allocation trade-offs in dioecious species. As the fruit production consumes a lot of nutrients, female F. velutina plants grow slowly and are vulnerable to insects and diseases. Ecological stoichiometry can be used to study the physiological mechanism of the growth difference between female and male plants. The purpose of this study was to compare the seasonal patterns of C, N and P stoichiometry and their trade-offs in different organs of female and male F. velutina plants planted in urban green spaces. The fruit C, N and P contents of female F. velutina plants were all lower than those of leaves in the early growing season, but higher than those of leaves in the middle and late growing season. During most months, the leaf C and P contents of females were higher than those of males, while the leaf N content was lower than that of males, which was consistent with the sex-specific resource requirements for reproduction (i.e., high carbon requirements for ovules and high nitrogen demands for pollen). Compared to the females, there were more significant correlations between the stoichiometric indices (element contents and their ratios) of branches and leaves in male plants, and this difference may be related to the fact that the male plants were not involved in nutritional allocation for fruits. The leaf N/P of F. velutina was lower than 14 in the whole growing season, which indicated N limitation. The female and male plants of F. velutina had different sex-specific resource requirements for sex organ formation.
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1. Introduction


Ecological stoichiometry studies the balance of multiple chemical elements in ecological interactions. Plants stoichiometry predicts the relationship between element contents and growth rate and studies resource allocation strategies between the different organs of plants [1,2]. The different nutritional element concentrations in plant organs reflect nutrient uptake and utilization efficiency during plant growth [3]. The carbon, nitrogen and phosphorus contents of plant organs are known to be common functional traits, which are studied progressively as a basic framework to comprehend survival strategies adopted by plants for the acquisition and investment of resources [4,5].



Dioecious species have to satisfy gender reproductive demands; female plants have higher reproductive efforts, causing different nutrients allocation trade-offs [6,7,8]. In recent years, many studies have used plant stoichiometry in studying C (carbon), N (nitrogen) and P (phosphorus) [9,10,11], but there are few studies concerning the resource allocation strategies of female and male plants based on stoichiometry. The leaf N and P contents in male plants of Cercidiphyllum japonicum Sieb. et Zucc. were higher than those of female plants, but the leaf C/N and C/P of male plants were lower than those of female plants [12]. The needles of Juniperus communis L. females had higher N concentration in March and April, and this dropped to the same level as males after flowering and vegetative growth began. On the other hand, in Taxus baccata L., N concentration was higher in males throughout the growing season, but the highest differences appeared in intensive shoot elongation and radial growth [13]. Recent studies have found that the twigs of female plants of Acer pensylvanicum L. have higher nonstructural carbohydrates concentrations than that of male plants [14].



Velvet ash (Fraxinus velutina), a non-native dioecious species introduced from the United States, is widely used as a part of urban greeneries in saline land of North China, as it displays excellent salt resistance [15,16]. The female F. velutina plants grow slowly and are vulnerable to insects and diseases due to the large amount of nutrients consumed by fruit production, and the differences in height and the diameter at breast height (DBH) between female and male plants become increasingly obvious as the plants grow [17]. Understanding the physiological mechanism of the growth difference between female and male plants can provide a theoretical basis for formulating reasonable stand management measures. However, the physiological mechanism of the growth difference between the female and male plants of F. velutina has not been comprehensively studied. Ecological stoichiometry is an effective method to study the difference in nutrient resources allocation strategies between the plants.



In this study, we compared the stoichiometric characteristics of different organs of the female and male plants of F. velutina and analyzed the nutrient allocation trade-off strategies among their different organs. This study aimed: (i) to compare the seasonal patterns of carbon, nitrogen and phosphorus stoichiometry in different organs of female and male F. velutina plants, (ii) to analyze the correlation between the stoichiometric indices of different organs of F. velutina, and (iii) to assess whether F. velutina in the study area is mainly limited by nitrogen or phosphorus. The findings of this research can provide a theoretical basis for further revealing the physiological mechanism of growth differences between the female and male plants of F. velutina.




2. Materials and Methods


2.1. Study Site


Located in the Yellow River Delta and Bohai Sea coastal region, Binzhou city of Shandong Province of China belongs to a coastal alluvium plain with an average altitude of 12 m. Binzhou city has a temperate continental monsoon climate with cold and dry winters. The annual average temperature is 12.7 °C, ranging from 39.5 °C in summer to −18.4 °C in winter. The average annual precipitation is 560 mm, with nearly 70% of the precipitation falling between May and September. The investigated plantation of F. velutina was located in urban public green spaces of Binzhou City in Shandong Province of North China (37°23′ N, 118°01′ E). The soil is slightly saline in this plantation, and the soil properties are shown in Table 1, which shows the average values of soil indices from six random soil samples at the experimental site.




2.2. Experimental Design and Sample Collection


A plot of 20 × 40 m2 in the F. velutina plantation was established in 2016, and we collected the data during the growing season (May to November). The total number of trees is 153, including 67 females and 86 males, and they were planted 21 years ago with seedlings that were purchased from Shandong Huaxiang Forest Seedling Co., Ltd. The average height of all the trees in the above plot is 11.59 m and the average diameter at breast height (DBH) is 17.08 cm. The average height of all female trees in the plot is 10.61 m, and their average DBH is 15.84 cm. The average height of all male trees in the plot is 12.37 m, and their average DBH is 17.98 cm. According to the height (>9.5 m) and DBH (17.08 ± 2 cm), we randomly selected twenty-four healthy F. velutina with twelve female trees and twelve male trees as our marked sample trees. In the middle of each month from May to November, we took samples, including leaves, fruits, and branches (biennial), from female trees, and leaves and branches (biennial) from male trees. In November, only fresh leaves were collected because of sample consistency. We took samples in four directions (north, south, east, and west) from the center of the crown of each tree. Each type of sample (leaves, fruits, or branches) from four directions was mixed as a combined sample in equal portions for a chemical test.



The plant samples were washed and dried at 105 °C for 30 min, and then dried at 75 °C to obtain a constant weight. Then, they were ground and passed through a 60-mesh sieve. The total C and N contents of the plant samples were measured by using an element analyzer (Vario EL III, Elementar Inc., Langenselbold, Germany). The total P of the plant samples was measured using the HClO4–H2SO4 colorimetric method [18,19].




2.3. Data Analysis


All tests were conducted using SPSS 19.0 and R (version 4.0.1), and statistical significance was determined when p < 0.05. In each month of the growing season, the C, N and P contents and their ratios in different organs of the female and male plants were calculated separately. The statistical methods of a one-way ANOVA (analysis of variance) and LSD multiple comparisons (least significant difference test) were used [20]. Letter display was used in multiple comparisons, and the same stoichiometric indices of different months not sharing the same letter indicated significant differences at an alpha level of 0.05, according to an LSD test. Pearson’s correlation coefficient in R with the psych package was used to measure the linear association between the stoichiometric indices of different organs of F. velutina. It should be noted that the data used for the correlation analysis in Table 2 and Table 3 include the element content data of different organs of plants in the middle growth stages (July, August, and September).





3. Results


3.1. Dynamics of C, N and P Contents in Different Organs of Female Plants of F. velutina


The C, N and P contents of the leaf, fruit and branch of female F. velutina were compared in the growing season (Figure 1). The range of leaf C content was 444–468.38 g kg−1 during the growing season, while fruit C was 462.06–491.89 g kg−1, and branch C was 422.15–464.65 g kg−1. The C contents of leaf and branch in the late growing season were lower than those in the early and middle growing season. The fruit C content of female plants showed a gradual increasing trend during the growing season. The C content of fruit was greater than that of leaf and branch, especially in the middle and late growing season.



The ranges of N content in the leaf, branch and fruit of female F. velutina were 9.79–26.78 g kg−1, 4.08–6.84 g kg−1 and 10.33–22.53 g kg−1, respectively. The ranges of P content in leaf, branch and fruit were 1.37–2.79 g kg−1, 0.70–0.91 g kg−1, and 2.00–3.18 g kg−1, respectively. During the growing season, the N and P contents of leaf gradually decreased, while the N and P contents of fruit gradually increased. The branch N content gradually increased during the whole growing season, while the branch P content was relatively stable.



The contents of N and P in branch were significantly lower than those of leaf and fruit during the growing season. The N content of leaf from May to August was higher than that of fruit, but it was lower than that of fruit in the late growing season. The P content of leaf in the early growing season (May to June) was higher than that of fruit, but it was lower than that of fruit in the later growing period. The N and P contents of fruits were higher than that of leaves in the late growing season, which was related to nutrient resorption.




3.2. Dynamics of C, N and P Contents in Different Organs of Male Plants of F. velutina


The leaf C content of male plants varied from 434.49 to 460.00 g kg−1, and the branch C content ranged from 439.28 to 464.67 g kg−1 (Figure 2a). The leaf C and branch C content of male plants showed a general downward trend throughout the growing season. During the growing season, the content range of the leaf N of male plants was 9.63–25.94 g kg−1, branch N was 3.83–7.86 g kg−1, and the leaf P content of plants varied from 1.38 to 2.65 g kg−1, while the branch P content varied from 0.71 to 1.06 g kg−1 (Figure 2b,c). The leaf N and leaf P contents of male plants gradually decreased during the growing season, the branch N contents gradually increased throughout this period, while the branch P contents remained relatively stable from June to November.



The leaf C and branch C contents of male plants were relatively similar in each month of the growing season. The leaf N and leaf P contents of male plants of F. velutina were both higher than those of the branch in each month of the growing season. In May, the N and P contents of leaves were 6.64 times and 3.73 times higher than those in branches, respectively, but in November, the difference of the N and P contents between them became relatively small.




3.3. Dynamics of C/N/P Ratios in Different Organs of Female Plants of F. velutina


The leaf C/N ratios of female plants varied from 17.51 to 51.02, those of branch varied from 64.03 to 116.55, and those of fruits varied from 22.39 to 44.73 during the growing season (Figure 3a). The leaf C/P ratios varied from 171.04 to 304.45, those of branch varied from 477.18 to 670.32, and those of fruit ranged from 152.58 to 234.48 (Figure 3b). The branch C/N and C/P ratios of female plants in each month were significantly greater than those of leaf and fruit. The fruit C/N and C/P ratios in the first half of the growing season were mostly larger than those of leaf, while the fruit C/N and C/P ratios in the second half of the growing season were mostly smaller than those of leaf.



In the growing season, both the C/N and C/P ratios of the branch or fruit of female plants showed a downward trend, especially after September. The leaf C/N ratios of female plants showed a gradual upward trend in the growing season, while the leaf C/P ratios remained stable, except in November. The leaf C/N and C/P ratios in November were significantly greater than those in other months. The monthly change trends of the C/N and C/P ratios in different organs were opposite to those of the N contents and P contents, respectively, which showed that the variation in the two ratios were mainly determined by the N and P contents (Figure 1 and Figure 3).



The leaf N/P of female plants ranged from 6.60 to 11.62, the branch N/P varied from 5.80 to 8.01, and the fruit N/P varied from 5.41 to 7.12 (Figure 3c). The N/P ratios of branch and fruit gradually increased during the growing season, while the N/P ratio of leaf gradually decreased during this period. In each month of the growing season, the N/P ratios of fruit and branch were all relatively similar. The leaf N/P of female plants was significantly greater than that of branch and fruit in the early and middle growing season, while the leaf N/P was close to that of branch and fruit in the late growing season.




3.4. Dynamics of C/N/P Ratios in Different Organs of Male Plants of F. velutina


The leaf C/N ratios of the male plants of F. velutina ranged from 18.18 to 48.87, and the branch C/N ratios varied from 58.85 to 126.72 (Figure 4a). The range of the leaf C/P ratios of male plants was 177.40–376.12 (Figure 4b), while the range of the branch C/P ratios of male plants was 399.43–708.90. The branch C/N and C/P ratios of male plants in each month were significantly greater than those of leaf. Both the C/N and C/P ratios of branch showed a decreasing trend in the growing season. Except at the end of the growing season, there was no significant difference between leaf C/N ratios in different months, and the same was true for leaf C/P ratios.



The leaf N/P of male plants varied from 8.03 to 11.60 in the growing season, and the branch N/P of male plants varied from 5.81 to 7.91 (Figure 4c). Except for November, the leaf N/P of male plants was significantly greater than that of branch in other months. The branch N/P ratios gradually increased from May to November, but there was no significant difference in branch N/P ratios between months from May to October. From May to November, the leaf N/P showed a trend of increasing first and then decreasing. Except for November, the difference between leaf N/P ratios in different months did not reach a significant level. Similar to female plants, the ratios of N/P in the branch and leaf of male plants were also relatively close at the end of the growing season in November.




3.5. Gender-Related Differences in C, N and P Contents and Their Ratios in the Leaf and Branch of F. velutina


The C, N and P contents in the leaf and branch of female and male plants were compared (Figure 5 and Figure 6). The leaf C and P contents of female F. velutina were both higher than those of male plants in most growth stages, but the gender-related differences were not significant in each month (p < 0.05). However, the leaf N content of female plants was lower than that of male plants in most months, but the difference was significant only in October (p < 0.05). There were no significant differences in branch C and P contents between female and male F. velutina in each month (Figure 6). However, the branch P content of female plants was lower than that of male plants in each month of the growing season. The branch N content of female plants was lower than that of male plants from June to November, while the differences in branch N contents between the female and male plants were all significant in each month from July to November (p < 0.05).



The leaf C/N ratio of females was slightly higher than that of male plants in most months, and the leaf N/P ratio was lower in females than in males in most months (Figure 7). The branch C/N ratio of female plants was higher than that of male plants in most months of the growing season (Figure 8), and the sexual differences were significant in July, September and October (p < 0.05). The branch C/P ratios of female plants were slightly higher than those of male plants, and the difference was significant in October (p < 0.05). There were no significant differences in branch N/P between the female and male plants of F. velutina in each month of the growing season.




3.6. Correlation of C, N, P and Their Ratios in Different Organs of Female F. velutina in the Middle of the Growing Season


The relationship between C, N and P contents and their ratios in the leaf, branch and fruit of female plants in the middle of the growing season (i.e., July, August and September) was analyzed using Pearson’s correlation coefficient (Table 2). The correlation analysis of C, N and P contents in the same organ of female plants showed that only leaf C and leaf N, fruit N and fruit P had a significant correlation (p < 0.05).



In the same organ (leaf, branch or fruit), the C/N and C/P ratios had a highly significant negative correlation with the corresponding N and P content, respectively (p < 0.01), but most of which had no significant correlation with the corresponding C content. This showed that the variation in the C/N and C/P ratios of leaf, branch and fruit was mainly determined by their N or P contents. Most N/P ratios had highly significant correlation with their corresponding N or P content of the same organ (p < 0.01), but branch N and branch N/P had no significant correlation, and fruit P had no significant correlation with fruit N/P.



The correlation between the three element contents of different organs was analyzed. Leaf N had a highly significant negative correlation with fruit N content and fruit P content. Leaf P content had a highly significant positive correlation with branch P content.




3.7. Correlation of C, N, P and Their Ratios in Different Organs of Male F. velutina in the Middle of the Growing Season


Unlike female plants, there were more significant correlations between the indices of elements and their ratios of different organs in male plants (Table 3). The leaf N content had a highly significant positive or negative correlation with other indices of C, N and P contents or their ratios (p < 0.01). Except for branch C, branch P and branch C/P, there was a highly significant correlation between leaf P content and other indices (p < 0.01). There were also highly significant correlations between branch C and branch P with many other indices (p < 0.01). There was a highly significant positive correlation between branch C content and leaf C content (p < 0.01), which was also different from that of female plants.





4. Discussion


Woody plants store nutrition in roots and in the bark of shoots and trunks [21]. During leaf unfolding in spring, inorganic N stored in the buds is allocated to new leaves, and as such, in the early growing season, the leaves of most autumn-deciduous tree species have relatively high N concentrations [22]. The seasonal stoichiometric dynamics of Larix principis-rupprechtii Mayr. showed that the leaf P concentrations were greatest in the early growing season [23]. Another study on seasonal variation in leaf nitrogen of Quercus serrata found that leaf N concentration peaked after bud burst, declined for two weeks shortly thereafter, and then remained constant for the remainder of the growing season [24]. Similar to the above-mentioned studies, the leaf C, N and P contents of the female and male plants of F. velutina all had the highest value in the early growing season.



In deciduous trees, leaves accumulate nutrition during the growing season, which is then continuously mobilized into woody tissues and fruits before leaf fall [25,26]. The branch N content of F. velutina in the early season was also lower than that in the late season. In contrast to the trend in leaf C, N and P, the fruit C, N and P of F. velutina all showed a gradually increasing trend in the growing season. The fruit C, N and P contents of F. velutina in the late growing season, especially from September to November, were all higher than in leaf and branch, due to the slowdown or cessation of leaf growth and the nutrient resorption at that time [27]. The contents of some mineral elements in deciduous trees markedly decrease in autumn because they are resorbed by the tree before leaf abscission [28]. In November, at the end of the growing season, the leaf N and P contents of the female and male plants of F. velutina were significantly lower than those in previous months.



The geometric mean of the leaf N/P ratio for 753 species in China was 14.4 [29], and the mean leaf N/P ratio of 154 deciduous woody plant species from the North-South Transect of East China was 12.76 [30]. The average leaf N/P ratio of 102 dominant species in the forest ecosystem of East China was 11.50 [31]. The leaf N/P of F. velutina in this study ranged from 6.60–11.62 during the growing season, which was lower than the mean value of other local species in China. The leaf N/P ratios higher than 16 indicated P limitation, lower than 14 indicated N limitation, and in between (14 < N/P < 16) indicated N and P co-limitation [32]. Therefore, the F. velutina stand in our study showed N limitation. The leaf N/P ratio increases with mean temperature and closeness to the equator because P is a major limiting nutrient in older tropical soils, and N is the major limiting nutrient in younger temperate and high-latitude soils [33]; the result from this study site (temperate zone) also supported this trend.



Female plants allocate more resources to reproduction, resulting in slower radial growth after reaching sexual maturity [34,35]. The dioecious plants usually have sex-specific resource requirements for reproduction (i.e., high carbon requirements for ovules and high nitrogen demands for pollen) [36]. Gender-specific differences in nutrient concentrations were found within dioecious species. The leaf N content of Rubus chamaemorus L. was found to be higher in males, particularly within 2–3 weeks after flowering [37]. Lower N concentration was also demonstrated in the females of Populus cathayana Rehd. and Acer negundo L. [38,39]. During the fruiting period of Pistacia lentiscus L., the production of current-year vegetative biomass and mineral mass (N, P, K) was higher in male than in female branches [40]. Generally, females need more P to support and maintain higher P utilization efficiency for fast growth to match their higher reproductive costs [41]. Similar to the above-mentioned results, the leaf N content of the female plants of F. velutina was lower than that of male plants in most months. However, the leaf C and P contents of female F. velutina were higher than those of male plants during most months. This result was consistent with the above hypothesis of the sex-specific nutrients requirements of dioecious plants [36].



Similar to the leaf N content, the branch N content of male plants of F. velutina was higher than that of female plants in most months. Contrary to the gender specificity of P content in leaves, the branch P content of female plants was slightly lower than that of male plants in most months. Female plants of F. velutina distributed more P resources to leaves and fruits in the growing season, which may result in lower P content in branches. Similar results were obtained for Pistacia lentiscus; the production of current-year vegetative biomass and P contents were higher in male than in female branches during the fruiting period of P. lentiscus [40]. Due to the small variation of C contents in leaf and branch at different growth stages, the sexual differences of the C/N and C/P of F. velutina leaf and branch were opposite to those of N and P in the growing season. Compared with females, the variation in the leaf N/P of male plants was smaller at different growth stages, which indicated that the reproductive growth of females affected the stability of leaf nutrient ratios.



Unlike female plants, the leaf C content of male plants had a highly significant positive correlation with branch C content. Compared with the female plants, male plants have less resources allocated to reproduction, and the leaves transport more resources directly to the branches; this may be the reason for the higher correlation between leaf C content and branch C content. The highly significant negative relationship between the leaf N content and fruit N content of female F. velutina plants exhibited a source-sink relationship between the leaf and fruit [42]. In the middle of the growing season, the leaf N was continuously transported to fruits and other organs, so the leaf N content gradually decreased, while the fruit N content gradually increased. The C/N and C/P ratios of the leaf, branch and fruit of female or male plants of F. velutina had a highly significant negative correlation with N or P content in the same organ, which showed that the variation of the C/N and C/P of leaf, branch and fruit was mainly determined by their N or P contents. This conclusion was similar to that reached by Reich and Oleksyn [33].



Compared to female plants of F. velutina, there were more significant correlations between the indices of N contents, P contents, the C/N/P ratios of leaves and the same indices of branches in male plants. For example, the leaf N content of male plants had a highly significant positive or negative correlation with other indices (p < 0.01). The leaf P content, branch N and branch P of males also had more significant correlations with other indices. In the middle growing season, the male plants were not involved in nutritional allocation for fruits; therefore, there were more significant correlations between the elements and ratios of branches and leaves.




5. Conclusions


This study analyzed the difference of stoichiometric characteristics between female and male F. velutina plants in urban forests of saline land. The main findings of this study include: (i) The leaf C, N and P contents of the female and male plants of F. velutina showed a similar seasonal trend. The leaf C, N and P contents of female and male plants were highest at the beginning of the growing season, and in November at the end of the growing season, the leaf N and P contents were significantly lower than before due to the nutrient resorption. The leaf C and P contents of females were slightly higher than those of males in most months; in contrast, the leaf N content was lower than that of male plants in most months. The above result was consistent with the hypothesis of sex-specific nutrients requirements of dioecious plants. (ii) The fruit C, N and P contents all gradually increased throughout the growing season. The fruit C, N and P contents in the late growing season were all higher than those in leaf and branch, due to the slowdown or cessation of leaf growth and the nutrient resorption at that time. In each month of the growing season, the N/P ratios of the fruit and branch of female plants were all relatively similar. (iii) Compared to the female plants of F. velutina, there were more significant correlations between the indices of the N and P contents and the C, N and P ratios of leaves and branches in males. (iv) The leaf N/P of F. velutina in this study ranged from 6.60 to 11.62 in the growing season; a value below14 indicated N limitation.
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Figure 1. Monthly dynamic of C (a), N (b), P (c) contents in different organs of female plants of F. velutina. Note: Means of different months not sharing the same letter indicated significant differences at an alpha level of 0.05, according to an LSD test. 
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Figure 2. Monthly dynamic of C (a), N (b), P (c) contents in different organs of male plants of F. velutina. Note: Means of different months not sharing the same letter indicated significant differences at an alpha level of 0.05, according to an LSD test. 
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Figure 3. Monthly dynamic of C/N (a), C/P (b), N/P (c) ratios in different organs of female plants of F. velutina. Note: Means of different months not sharing the same letter indicated significant differences at an alpha level of 0.05, according to an LSD test. 
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Figure 4. Monthly dynamic of C/N (a), C/P (b), N/P (c) ratios in different organs of male plants of F. velutina. Note: Means of different months not sharing the same letter indicated significant differences at an alpha level of 0.05, according to an LSD test. 
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Figure 5. Comparation of C (a), N (b), P (c) contents in leaf of female and male plants of F. velutina during the growing season. Note: Means not sharing the same letter of female and male plants in the same month indicated significant differences between males and females at an alpha level of 0.05, according to one-way ANOVA. 
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Figure 6. Comparation of C (a), N (b), P (c) content in branch of female and male plants of F. velutina during the growing season. Note: Means not sharing the same letter of female and male plants in the same month indicated significant differences between males and females at an alpha level of 0.05, according to one-way ANOVA. 
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Figure 7. Comparation of C/N (a), C/P (b), N/P (c) ratios in leaf of female and male plants of F. velutina during the growing season. Note: Means not sharing the same letter of female and male plants in the same month indicated significant differences between males and females at an alpha level of 0.05, according to one-way ANOVA. 
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Figure 8. Comparation of C/N (a), C/P (b), N/P (c) ratios in branch of female and male plants of F. velutina during the growing season. Note: Means not sharing the same letter of female and male plants in the same month indicated significant differences between males and females at an alpha level of 0.05, according to one-way ANOVA. 
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Table 1. Average value of soil property indices of six random soil samples in the plantation of F. velutina.
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	Bulk Density (g cm−3)
	pH
	Soil Organic Matter (g kg−1)
	Alkali-Hydrolyzed Nitrogen (mg kg −1)
	Available Phosphorus (mg kg−1)
	Available Potassium (mg kg−1)
	Salt Content (g kg−1)





	1.38
	7.90
	13.36
	19.75
	35.26
	96.52
	2.51
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Table 2. The correlation of C, N and P contents and their ratios of different organs of female plants of F. velutina.
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	Indices
	Leaf C
	Leaf N
	Leaf P
	Branch C
	Branch N
	Branch P
	Fruit C
	Fruit N
	Fruit P





	Leaf N
	0.334 *
	
	
	
	
	
	
	
	



	Leaf P
	0.220
	−0.006
	
	
	
	
	
	
	



	Branch C
	0.180
	0.399 *
	−0.055
	
	
	
	
	
	



	Branch N
	0.197
	0.278
	0.195
	0.034
	
	
	
	
	



	Branch P
	0.243
	−0.154
	0.448 **
	−0.013
	0.303
	
	
	
	



	Fruit C
	0.014
	−0.322
	0.022
	−0.040
	0.203
	0.320
	
	
	



	Fruit N
	−0.197
	−0.446 **
	−0.071
	−0.395 *
	0.167
	−0.155
	0.304
	
	



	Fruit P
	−0.177
	−0.520 **
	0.167
	−0.385 *
	0.022
	0.111
	0.159
	0.616 **
	



	Leaf C/N
	−0.307
	−0.953 **
	−0.046
	−0.283
	−0.334 *
	0.097
	0.313
	0.339 *
	0.520 **



	Leaf C/P
	−0.045
	−0.008
	−0.862 **
	0.082
	−0.123
	−0.383 *
	0.076
	0.164
	−0.175



	Leaf N/P
	0.088
	0.653 **
	−0.660 **
	0.277
	0.116
	−0.408 *
	−0.156
	−0.156
	−0.482 **



	Branch C/N
	−0.271
	−0.222
	−0.253
	0.035
	−0.954 **
	−0.293
	−0.177
	−0.174
	−0.059



	Branch C/P
	−0.141
	0.343 *
	−0.315
	0.110
	−0.218
	−0.912 **
	−0.362 *
	0.046
	−0.098



	Branch N/P
	−0.051
	0.453 **
	−0.217
	0.107
	0.284
	−0.723 **
	−0.242
	0.092
	−0.007



	Fruit C/N
	0.194
	0.407 *
	0.033
	0.388 *
	−0.144
	0.249
	−0.043
	−0.936 **
	−0.605 **



	Fruit C/P
	0.183
	0.432 **
	−0.176
	0.310
	0.013
	−0.017
	0.110
	−0.554 **
	−0.942 **



	Fruit N/P
	−0.108
	−0.065
	−0.266
	−0.187
	0.152
	−0.342 *
	0.218
	0.699 **
	−0.115







Note: *, ** denote significance at the 0.05, 0.01 test level, respectively. In this text, the “significant” and “highly significant” correlations refer to significance at the 0.05 and 0.01 test levels, respectively. The correlation coefficients between the ratios of elements in different organs are not listed in the table.
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Table 3. The correlation of C, N and P contents and their ratios of different organs of male plants of F. velutina.
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	Indices
	Leaf C
	Leaf N
	Leaf P
	Branch C
	Branch N
	Branch P





	Leaf N
	0.329 *
	
	
	
	
	



	Leaf P
	−0.256
	−0.591 **
	
	
	
	



	Branch C
	0.664 **
	0.551 **
	−0.132
	
	
	



	Branch N
	−0.049
	0.632 **
	−0.487 **
	0.1
	
	



	Branch P
	0.067
	−0.495 **
	0.304
	−0.005
	−0.226
	



	Leaf C/N
	−0.281
	−0.973 **
	0.650 **
	−0.475 **
	−0.653 **
	0.475 **



	Leaf C/P
	0.231
	0.596 **
	−0.944 **
	0.152
	0.577 **
	−0.342 *



	Leaf N/P
	0.201
	0.885 **
	−0.817 **
	0.348 *
	0.717 **
	−0.500 **



	Branch C/N
	0.144
	−0.571 **
	0.458 **
	0.014
	−0.960 **
	0.189



	Branch C/P
	0.0004
	0.594 **
	−0.296
	0.151
	0.272
	−0.942 **



	Branch N/P
	−0.081
	0.707 **
	−0.437 **
	0.093
	0.676 **
	−0.822 **







Note: *, ** denote significance at the 0.05, 0.01 test level, respectively. In this text, the “significant” and “highly significant” correlations refer to significance at the 0.05 and 0.01 test level, respectively. The correlation coefficients between the ratios of elements in different organs are not listed in the table.
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