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Abstract

:

Understanding the variations in soil and plants with stand aging is important for improving management measures to promote the sustainable development of plantations. However, few studies have been conducted on the dynamics of stoichiometric traits and carbon (C), nitrogen (N), and phosphorus (P) pools across Picea asperata Mast plantations of different ages in subalpine regions. In the present study, we examined the stoichiometric traits and C, N, and P stocks in different components of three different aged (22-, 32-, and 42-year-old) P. asperata plantations by plot-level inventories. We hypothesized that the stoichiometric traits in mineral soil could shape the corresponding stoichiometric traits in soil microbes, tree roots and foliage, and the C, N, and P stocks of the total P. asperata plantation ecosystem would increase with increasing stand age. Our results show that the N:P ratio in mineral soil was significantly correlated with that in tree foliage and herbs. Additionally, the C:N ratio and C:P ratio in mineral soil only correlated with the corresponding stoichiometric traits in soil microbes and forest floor, respectively. Both the fractions of microbial biomass C in soil organic C and microbial biomass N in soil total N decreased with increasing stand age. The C, N, and P stocks of the total ecosystem did not continuously increase across stand development. In particular, the P stock of the total ecosystem exhibited a trend of increasing first and then decreasing. The aboveground tree biomass C accounted for more than 55% of the total ecosystem C stock regardless of stand age. In contrast, mineral soil and forest floor were the major contributors to the total ecosystem N and P stocks in all stands. This study suggested that all three different stands were N limited, and the stoichiometric homeostasis in the roots of P. asperata was more stable than that in the foliage. In addition, the soil microbial community assembly may change with increasing stand age for P. asperata plantations in the subalpine region.
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1. Introduction


The relative concentrations of carbon (C), nitrogen (N), and phosphorus (P), termed stoichiometry, are crucial traits of individual components in terrestrial ecosystems [1,2,3]. C is the main component of organisms and contributes to approximately 50% of plant dry matter [4]; additionally, N and P are two of the essential and most limiting nutrients in organisms [5]. N is a fundamental nutrient for synthesizing a range of molecules with vital structural and functional roles, and N in plant leaves is involved in photosynthetic processes [6,7]. P is a key component of many important compounds in cells, such as phospholipids, nucleic acids, and adenosine triphosphate (ATP) [8]. The ratios of C:N and C:P represent the ability of organisms to assimilate C when simultaneously consuming N and P [9]. The ratio of N:P has been widely used as an indicator of nutrient limitation in terrestrial net primary production [10]. Previous studies showed that stoichiometric traits were not constant and varied with the differences in species, individual organs of the same species, growth period, and environmental conditions [11,12,13,14]. In terrestrial ecosystems, plants provide substrates for soil microbes, and soil microbes are associated with soil nutrient turnover and supply mineralized nutrients to plants [15]. Additionally, soil, as a key basis of the terrestrial ecosystems, plays a pivotal role in the nutrients cycle in the ecosystem [16,17,18]. Thus, stoichiometric traits of chemical elements would reflect the interactions between plants, soil, and microbes [19,20], and C:N, C:P, and N:P ratios in soil may have a regulating impact on the corresponding stoichiometric traits in other ecosystem components, especially for foliage, root, and soil microbes.



During recent decades, China has launched large-scale afforestation programs, and the achievements have attracted worldwide attention [21]. Many studies have suggested that afforestation would favor environmental development, biodiversity conservation, and climate change mitigation [22,23,24,25]. However, the deterioration of ecological functions may occur during plantation development [26]. Stoichiometric traits are critical indicators of ecological processes [6,11], and a better understanding of the stoichiometric traits will be conducive to improving the management and promoting sustainable development of the plantations. Moreover, a clear evaluation of C, N, and P stocks in soil and plants is essential for understanding the ecological effects of afforestation.



The subalpine forest area of western Sichuan is on the eastern edge of the Tibetan Plateau and is a vital ecological barrier in the upper reaches of the Yangtze River, as it plays a crucial role in reducing soil erosion, regulating runoff, conserving water sources, and biodiversity [27]. Unfortunately, the primitive subalpine coniferous forests in these areas have been clear-cut since the middle of the last century [28], and it was not until 1998 that logging activities were completely banned [29]. After clear-cutting, spruce (Picea spp.) was commonly used to implement reforestation in these areas. After thousands of square kilometers of spruce plantations have been established on the cutovers, managing these plantations is very challenging [30,31]. Thus, it is essential to comprehensively realize the variations in these plantations with stand aging to draw up rational management measures. However, information on the dynamics of stoichiometric traits and their relationships between mineral soil and other components of spruce plantation ecosystems is still inadequate. Furthermore, the variations in the elemental stocks of the spruce plantation ecosystem, along with stand development, have also been rarely reported. We hypothesized that the stoichiometric traits in mineral soil could shape the corresponding stoichiometric traits in soil microbes, tree roots and foliage, and the C, N, and P stocks of the total P. asperata plantation ecosystem would increase with increasing stand age. The objectives of the present study are to (1) determine the stoichiometric traits of plants, forest floor, mineral soil, and soil microbes in different-aged P. asperata plantations, (2) analyze the relationships between the stoichiometric traits in mineral soil and other ecosystem components, and (3) evaluate the dynamics in ecosystem C, N and P stocks and the contributions of above- and belowground components.




2. Materials and Methods


2.1. Study Sites


The present study was conducted in Miyaluo (102°41′–102°44′ E, 31°42′–31°51′ N), which is in Lixian County, western Sichuan Province, China. This area belongs to the transition zone from the Tibetan Plateau to the Sichuan Basin and is an important part of the southwestern national forest region of China. In this area, the elevations of forestland range from 2400–3900 m. It is characterized by a montane monsoon climate with annual precipitation of 600–1100 mm and an annual mean temperature of 6–10 °C [32]. Soils are classified as mountain brown soil series in Chinese soil taxonomy.




2.2. Field Sampling and Measurements


The maximum age of existing Picea asperata Mast. plantation is approximately 50 years old in this subalpine area, and the age classes of P. asperata plantations are divided into young age (<20 years old), middle age (21 to 40 years old), near maturity (41 to 60 years old), respectively. Thus, three P. asperata plantations of different ages, namely, 22-, 32-, and 42-year-old, all with pure overstories, were chosen to represent the development process from middle age to near maturity. All the stands are on the eastern slope of the subalpine area (Table 1) and are located within a 5 km radius of each other. The field measurements and sampling were carried out in July 2018. Three 20 × 20 m plots were randomly selected in each stand. The diameter at breast height (DBH) and height (H) were recorded for all trees within each plot. Above- and belowground tree biomass in each plot was calculated using allometric equations with DBH and H [31]. In each plot, five trees were randomly selected and sampled for foliage, branch, trunk, and root. The foliage and branch samples were obtained from the middle canopy. The trunk samples were obtained by using an increment borer. The root samples were taken at five random points under the canopy for a soil depth of 0–40 cm. The soil was washed out by water to the roots. In each plot, foliage, branch, trunk, and root samples were mixed as one sample for each tree component. Three 1 × 1 m micro plots were distributed along a diagonal with each plot for herb investigation. In each micro plot, all herbs were excavated. Herb samples were separated into above- and belowground components after species had been identified. The forest floor was sampled by collecting the entire organic matter within three 0.2 × 0.2 m quadrates that were randomly placed in each plot. The samples of herbs and forest floor were oven-dried at 65 ℃ to constant weight. Soil samples of 0–20 cm and 20–40 cm were collected at five random sites in each plot. Five soil samples of the same layer were combined as one composite soil sample. Then, parts of the soil sample were kept on ice in an incubator for soil microbial C, N, and P measurements, and the other part of the soil samples was air-dried and sieved through a 2 mm mesh and further used to determine the organic C, total N, and P concentrations. Soil samples for bulk density of each correspondence depth were also collected using a 100 cm3 soil ring and oven-dried at 105 °C to constant weight. After measuring the bulk density, these soil samples were sieved through a 2 mm mesh, and then, the volume of the fragments over 2 mm was determined using a graduated cylinder.



Soil organic C concentration was determined by the potassium dichromate oxidation method [33]. Soil total N concentration was determined by the semi-micro-Kjeldahl method [33]. Soil total P and plant biomass P concentrations were determined by the ascorbic acid method and vanadium (V)-molybdenum (Mo) yellow colorimetry, respectively [34]. The soil samples were fumigated with chloroform, and soil microbial C and N concentrations were determined by a Vario TOC/TNb analyzer (Elementar, Langenselbold, Hesse, Germany). Plant biomass C and N concentrations were also determined by this method. Moreover, soil microbial P was determined by Mo blue colorimetry. Plantation ecosystem element stock was defined as the sum of the tree, herb, forest floor, and soil correspondence element stock. Soil C, N, and P stocks were estimated according to the formula based on the corresponding elemental concentration, the soil horizon thickness, the bulk density, and the volumetric percentage of fragments >2 mm [4]. The elemental concentration of herb was calculated as the biomass weighted average of each species for each micro plot. The C, N, and P stocks of different plant components were calculated by multiplying the component’s biomass and the corresponding elemental concentrations, respectively. There is almost no shrub in the understory for cutting bush management. Thus, shrub was not measured in the present study.




2.3. Statistical Analysis


Statistical analysis was performed using the SPSS 18.0 (SPSS, Chicago, IL, USA). Data were first checked for normality using the Shapiro–Wilk test and for homogeneity of variance using Levene’s test. As the data met these analyses of variance (ANOVA) assumptions, the difference among the means of different stands and variations of different components within the same stand were respectively examined via one-way ANOVA and a Tukey test (p < 0.05). Pearson correlation analysis was performed to examine the correlation of the same variable in the different ecosystem components.





3. Results


3.1. C, N, and P Concentrations and Stoichiometric Traits in Mineral Soil and Soil Microbial Biomass


The highest concentrations of soil organic C and total N were observed in the 42-year-old stand at both the 0–20 cm and 20–40 cm soil depths (Figure 1a,b). However, the soil total P concentration in the 32-year-old stand was significantly higher than that in the other two stands at these two depths (Figure 1c). For the soil microbial biomass C concentration, the mean value at the 0-20 cm soil depth increased from 343.16 mg kg−1 in the 22-year-old stand to 443.64 mg kg−1 in the 42-year-old stand (Figure 2a). At the 20–40 cm soil depth, the soil microbial biomass C concentrations in the 22- and 32-year -old stands were not much different, and both of them were significantly lower than the soil microbial biomass C concentration in the 42-year-old stand (p < 0.05) (Figure 2a). In contrast, there were no significant differences in the microbial biomass N concentration among the three stands at each soil depth (Figure 2b). At both the 0-20 cm and 20–40 cm soil depths, the microbial biomass P concentration also did not change obviously with stand age and ranged from 3.15 mg kg−1 and 3.35 mg kg−1 to 3.63 mg kg−1 and 3.80 mg kg−1, respectively (Figure 2c). Both the fractions of microbial biomass C in soil organic C and microbial biomass N in soil total N showed a decreasing trend with stand age at both the 0–20 cm and 20–40 cm soil depths (Figure 3a,b). Though the mean fraction of microbial biomass P in soil total P in the 32-year-old stands was lower than that in the other two stands at both the 0–20 cm and 20–40 cm soil depths, the differences did not reach statistical significance (Figure 3c). The soil C:N, C:P, and N:P ratios in the 42-year-old stands were all significantly higher than those in the 22- and 32-year-old stands at both the 0–20 cm and 20–40 cm soil depths (p < 0.05) (Figure 1d–f). In contrast, only the C:N ratio presented a significant variation among the three different stands for the soil microbial biomass (Figure 2d–f).




3.2. C, N, and P Concentrations and Stoichiometric Traits in Plants and Forest Floor


The variation patterns in C, N, and P concentrations of tree foliage differed from each other with stand age (Figure 4a–c). The highest concentrations of C, N, and P in tree foliage were found in the 22-, 42- and 32-year-old stands, respectively (Figure 4a–c). The C concentration of the tree roots did not significantly change with increasing stand age (Figure 4a); however, both the N and P concentrations in the tree roots significantly increased as stand age increased from 22 years to 32 years (Figure 4b,c). The mean C and N concentrations of the forest floor continuously increased from 252.76 g kg−1 and 10.77 g kg−1 in the 22-year-old stand to 301.86 g kg−1 and 11.45 g kg−1 in the 42-year-old stand, respectively (Figure 4a,b). In contrast, the P concentration of the forest floor first increased from 1.27 g kg−1 in the 22-year-old stand to 1.45 g kg−1 in the 32-year-old stand and then decreased to 1.35 g kg−1 in the 42-year-old stand (Figure 4c). With increasing stand age, the herb C, N, and P concentrations did not significantly change except for the aboveground C concentration (Figure 5a,c,e).



For the tree foliage and roots, the highest values of C:N, C:P, and N:P ratios were all observed in the 22-year-old stand, and C:N, C:P, and N:P ratios in the 22-year-old stand were significantly higher than those in the 32-year-old stand (p < 0.05) (Figure 4b,d,f). However, significant differences between the 22- and 32-year-old stands were found only for N:P ratios in the forest floor and the belowground herb (p < 0.05) (Figure 4f and Figure 5f).




3.3. Relationship between the Stoichiometric Traits of Mineral Soil and Other Ecosystem Components


The soil microbial biomass C:N ratio was significantly and positively correlated with the mineral soil C:N ratios at both the 0–20 cm and 20–40 cm soil depths (p < 0.05) (Table 2). The forest floor C:P ratio exhibited a significantly positive correlation with the mineral soil C:P ratio at both the 0–20 cm and 20–40 cm soil depths (p < 0.05) (Table 3). The N:P ratios in the belowground herb and the mineral soil were significantly and positively related at these two soil depths (p < 0.05) (Table 4). Furthermore, the N:P ratios in both tree foliage and the aboveground herb were also significantly and positively correlated with the mineral soil N:P ratio at a depth of 20–40 cm (p < 0.05) (Table 4). In contrast, the stoichiometric traits of the tree roots were not significantly related to those of the mineral soil (Table 2, Table 3 and Table 4).




3.4. Ecosystem C, N, and P Pools


With increasing stand age, the C and P stocks in the aboveground tree, tree roots, forest floor, and total ecosystem all increased first and then decreased (Table 5, Table 6 and Table 7). The N stock in the aboveground tree and tree roots and the P stock of mineral soil also followed the same variation pattern with increasing stand age (Table 6 and Table 7). However, the mean C stock in mineral soil and the mean N stock in mineral soil and total ecosystem continuously increased with increasing stand age (Table 5 and Table 6). Moreover, the C, N, and P stocks in aboveground herb and herb roots did not differ significantly among the three stands (Table 5, Table 6 and Table 7). The aboveground tree biomass was the dominant C pool, representing more than 55% of the total ecosystem C stock regardless of stand age (Table 5). In contrast, the mineral soil and the forest floor contributed much more than aboveground tree biomass to the total ecosystem N and P pool (Table 6 and Table 7).





4. Discussion


In the present study, the mineral soil C and N concentrations showed an increasing trend with increasing stand age, which is inconsistent with many previous studies [6,35,36]. These variations could be explained by the continuous input of litter and roots exudates along with stand development. However, there still exists some controversy regarding the effects of stand age on mineral soil C and N [37,38,39]. These controversial results may be caused by other influencing factors, such as previous land use, climate, and tree species, all of which may overshadow the impacts of stand age [4]. Different from the changing trend in mineral soil C and N concentrations, the highest value of mineral soil P concentration was observed in the 32-year-old stand and then decreased in the 42-year-old stand. With stand aging, the variation in soil total P concentration is more complex than that in soil C and N. Trees mobilize P from mineral soil into the biological P cycle, leading to a decrease in the soil total P concentration during the early growth process of the plantation; however, with increasing stand age, the litter input and decomposition gradually increase, which returns P to the soil and increases the total P concentration [40]. In addition, the decrease in soil pH with stand aging would reduce soil P availability because low pH drives phosphate to bind to Fe and Al precipitates [41]. Thus, the decrease in soil pH would also contribute to increasing soil total P concentration with increasing stand age. For the decrease in the total P concentration of mineral soil from the 32-year-old stand to the 42-year-old stand, this variation may be related to the plunge in tree density. During stand development, management by removing deadwood from plantations would not only decrease the elemental stock but also reduce the complement to soil P. Thus, we suggest that the total soil P concentration of mineral soil may exhibit a wave-changing pattern with increasing stand age.



In terms of soil microbes, we found that both the fraction of microbial C in soil organic C and the fraction of microbial N in soil organic N decreased with increasing stand age. The decreases in these two ratios indicate that the microbial biomass supported per unit C and N resources declined with stand aging [20]. Previous studies suggested that the fraction of microbial C in soil organic C was significantly and negatively correlated with the soil C:N ratio [42,43]. This negative relationship could be explained by soil microbes being suppressed by the lack of N resources under the condition of a high soil C:N ratio and then decreasing the C demand [44]. Moreover, the variation in the availability of soil C and N resources would further shape the assembly of the soil microbial community because bacteria are generally considered to require more N per unit biomass C accumulation than fungi [18,45]. Additionally, the accumulation of litter and decrease in pH is adverse for bacteria with stand development, which would also contribute to increasing the fungal abundance [18,46].



The C concentration of tree foliage decreased from the 22-year-old stand to the 32- and 42-year-old stands in the present study. However, the amplitude of variation is less than 10%, which was similar to the previous description for Sonneratia apetala plantations [47]. However, the N and P concentrations of tree foliage in the 32-and 42-year-old stands were much higher than those in the 22-year-old stand, resulting in a significant reduction in the C:N and C:P ratios in the two older P. asperata stands. Biomass is composed of different biochemical components that vary according to tree organ, tree species, geographical location, climate, and soil conditions [48]. Previous studies argued that increasing the C-rich metabolite concentration, such as tannins, could enhance the defense ability against diseases and insect pests [49], while the biomass N concentration and the N utilization efficiency could be changed by the variation in N supply [50,51]. Moreover, the growth rate hypothesis suggested that fast-growing organisms need relatively more P-rich RNA to support the rapid synthesis of large amounts of protein, resulting in a low biomass N:P ratio [52,53]. Hence, changes in the elemental concentrations and stoichiometric traits would reflect differences in the plant survival environment and adaptation strategies. In the present study, we suggest that both variations in nutrient demand and soil nutrient levels lead to increases in the N and P concentrations of tree foliage in the two older stands. It has been demonstrated that plant growth is limited by N if the N:P ratio < 14, constrained by P if the N:P ratio > 16, and co-limited by both N and P if the N:P ratio is between the two threshold values [54]. The present study found that all the N:P ratios in tree foliage, tree roots, and herbs were less than 14, and most of them were less than 10, indicating that all three different stands were severely scarce in terms of N nutrition. A deficiency in the N supply would reduce the production of cytokinins and accelerate leaf senescence because N nutrients are translocated from senescent leaves to young leaves [55]. The present study found that the N:P ratios in tree foliage, aboveground herbs, and belowground herbs were all significantly and positively correlated with the N:P ratio at a depth of 20–40 cm in mineral soil. In contrast, the N:P ratio in tree roots was not significantly correlated with the soil N:P ratio in any depth. These results may indicate that the stoichiometric trait in roots was less sensitive than that in tree foliage to the soil nutrient availability. These findings are consistent with the previous study that demonstrated the stoichiometric homeostasis in roots is more stable than that in foliage for both Symplocos ramosissima and Machilus gamblei seedlings [56]. However, some studies concerning other plant species suggested that stoichiometric homeostasis was stronger in foliage [17,57,58]. These contradictory results may be caused by the differences in tree species, growth stage, and external environment [59]. The present study suggests that P. asperata would prioritize meeting the requirements of N and P nutrient balance in the roots compared with foliage, which would be beneficial to sustainable growth under the environment of the thin soil layer in this subalpine area.



The total ecosystem C, N, and P stocks increased by more than 1.2-fold when increasing stand age from the 22-year-old stand to the 32-year-old stand. In contrast, the N stock was not significantly different between the 32-year-old and 42-year-old stands, and the mean C and P stocks even decreased in the 42-year-old stand, which is similar to the previous findings [60]. Our results did not in line with the hypothesis. The present study indicates that P. asperata plantations would not reach a stable state after 30 years of establishment, C and nutrient losses could occur during later stand development, and P. asperata plantations have been facing N limitation. Thus, the regular use of N fertilizers is suggested as an essential management measure for these different aged P. asperata plantations. In addition, other managements, such as adding organic matter and adjustment of tree density [30,61], may also contribute to improving the soil fertility of these P. asperata plantations, thereby achieving the goals of making land degradation neutrality and sustainable development [62,63].




5. Conclusions


The soil organic C and total N concentrations increased with increasing stand age; however, the soil total P concentration showed a changing process of increasing first and then descending. Additionally, all the stands of the P. asperata plantation were limited by the scarcity of N nutrition. The C:N, C:P, and N:P ratios of the mineral soil were only correlated with the corresponding stoichiometric traits in specific ecosystem components during stand development. The relative changes in soil C and N concentrations affected the microbial C:N ratio and may further shape the assembly of the soil microbial community. Compared with foliage, P. asperata would prioritize meeting the N requirement of the root. The C, N, and P stocks in the total ecosystem did not continue to increase significantly with increasing stand age due to the density of the P. asperata plantation plunging in the later growth stage. The proportion of aboveground tree biomass C to the C stocks of the total ecosystem was the highest regardless of stand age. In contrast, mineral soil and forest floor were the major contributors to the total ecosystem N and P stocks for all stands. The information provided by our study will provide a better understanding of the details of dynamics in P. asperata plantations established on cutovers of subalpine areas. Due to the limitation in the number of replicated stands in our study, the results do not represent the whole variation pattern of stand development. Thus, further evidence for the effects of stand age on stoichiometric traits and element stocks in P. asperata plantations will be required.
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Figure 1. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the mineral soil of three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands at the same soil horizon (p < 0.05). 






Figure 1. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the mineral soil of three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands at the same soil horizon (p < 0.05).
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Figure 2. (a) C concentration), (b) N concentration, (c) P concentration, (d) C:N, (e) C:P, and (f) N:P in the soil microbes of three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands at the same soil horizon (p < 0.05). 
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Figure 3. The fractions of (a) microbial biomass C in soil organic C, (b) microbial biomass N in soil total N, and (c) microbial biomass P in soil total P in three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands at the same soil horizon (p < 0.05). 
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Figure 4. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the tree biomass and the forest floor in three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands for the same variable (p < 0.05). 






Figure 4. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the tree biomass and the forest floor in three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands for the same variable (p < 0.05).
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Figure 5. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the herb biomass of three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands for the same variable (p < 0.05). 






Figure 5. (a) C concentration, (b) N concentration, (c) P concentration, (d) C:N, (e) C:P and (f) N:P in the herb biomass of three different aged P. asperata plantations. Different lowercase letters indicate a significant difference between different aged stands for the same variable (p < 0.05).
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Table 1. Basic characteristics of the three P. asperata plantations.
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	Stand Age
	Elevation

(m a.s.l.)
	Slope Degree (°)
	Slope Aspect
	Density

(Trees hm−2)
	Mean DBH (cm)





	22
	3308
	15–20
	East
	1733
	11.93



	32
	3330
	18–25
	East
	1558
	18.34



	42
	3360
	11–24
	East
	792
	23.32







DBH, Diameter at breast height.
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Table 2. The relationship among the different components C:N in P. asperata plantations.
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	Tree Leaf
	Tree Root
	Aboveground Herb
	Belowground Herb
	Forest Floor
	Soil Microbes

(0–20 cm)
	Soil Microbes

(20–40 cm)





	Mineral Soil

(0–20 cm)
	−0.405
	0.324
	−0.189
	−0.353
	−0.340
	0.734 *
	0.919 **



	Mineral Soil

(20–40 cm)
	−0.383
	0.425
	0.362
	−0.274
	0.514
	0.743 *
	0.840 **







* Significances are indicated at p < 0.05. ** Significances are indicated at p < 0.01.
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Table 3. The relationship among the different components C:P in P. asperata plantations.
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	Tree Leaf
	Tree Root
	Aboveground Herb
	Belowground Herb
	Forest Floor
	Soil Microbes

(0–20 cm)
	Soil Microbes

(20–40 cm)





	Mineral Soil

(0–20 cm)
	0.046
	−0.218
	0.546
	0.298
	0.787 *
	0.300
	0.370



	Mineral Soil

(20–40 cm)
	0.267
	0.069
	0.749 *
	0.154
	0.852 **
	0.039
	0.385







* Significances are indicated at p < 0.05. ** Significances are indicated at p < 0.01.
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Table 4. The relationship among the different components N:P in P. asperata plantations.
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	Tree Leaf
	Tree Root
	Aboveground Herb
	Belowground Herb
	Forest Floor
	Soil Microbes

(0–20 cm)
	Soil Microbes

(20–40 cm)





	Mineral Soil

(0–20 cm)
	0.504
	−0.307
	0.652
	0.834 **
	0.596
	−0.380
	−0.388



	Mineral Soil

(20–40 cm)
	0.717 *
	0.083
	0.803 **
	0.711 *
	0.799 *
	−0.421
	−0.278







* Significances are indicated at p < 0.05. ** Significances are indicated at p < 0.01.
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Table 5. The C Stocks of different components and their contributions to the total ecosystem C pool in three different aged stands.
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22-Year-Old Stand

	
32-Year-Old Stand

	
42-Year-Old Stand




	

	
C Stock (kg hm−2)

	
Ratio (%)

	
C Stock (kg hm−2)

	
Ratio (%)

	
C Stock (kg hm−2)

	
Ratio (%)






	
Aboveground tree

	
64,325.75

(12,202.95) a

	
57.87

(2.56) A

	
114,847.90 (10,212.70) b

	
62.55 (0.73) A

	
90,866.62

(9007.32) ab

	
56.32 (2.10) A




	
Aboveground herb

	
414.04

(119.37) a

	
0.37

(0.08) B

	
117.22

(8.84) a

	
0.06

(0.00) B

	
262.08

(96.10) a

	
0.16

(0.05) B




	
Forest floor

	
16,575.12

(1111.11) a

	
15.46

(1.26) C

	
24,780.46

(1232.39) b

	
13.61 (0.82) C

	
19,474.49

(1734.13) a

	
12.35 (1.79) C




	
Tree roots

	
10,871.25

(2209.40) a

	
9.75

(0.55) C

	
25,638.54

(2690.03) b

	
13.94 (0.48) C

	
22,484.83

(2123.27) b

	
13.94 (0.45) C




	
Herb roots

	
420.96

(112.14) a

	
0.38

(0.06) B

	
156.36

(12.04) a

	
0.09

(0.01) B

	
243.45

(80.67) a

	
0.15

(0.04) B




	
Mineral soil

	
17,140.35

(727.440) a

	
16.17

(1.91) C

	
17,731.46

(667.12) a

	
9.75

(0.54) D

	
27,295.93

(936) b

	
17.08 (0.80) C




	
Total

	
109,747.47 (16,062.27) a

	

	
183,271.83 (14,054.88) b

	

	
160,627.41 (10,247.59) ab

	








Data are presented as the mean value with the standard error (SE) given in parenthesis. Mean values within a row followed by different lowercase letters are significantly different at p < 0.05, Mean values within a column followed by different Uppercase letters are significantly different at p < 0.05.
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Table 6. The N Stocks of different components and their contributions to the total ecosystem N pool in three different aged stands.
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22-Year-Old Stand

	
32-Year-Old Stand

	
42-Year-Old Stand




	

	
N Stock (kg hm−2)

	
Ratio (%)

	
N Stock (kg hm−2)

	
Ratio (%)

	
N Stock (kg hm−2)

	
Ratio (%)






	
Aboveground tree

	
189.14

(38.62) a

	
7.36

(1.02) A

	
591.22

(51.90) b

	
17.97 (0.95) A

	
430. 45

(62.17) b

	
12.54 (1.52) A




	
Aboveground herb

	
30.87

(11.42) a

	
1.21

(0.39) B

	
7.95

(0.18) a

	
0.24

(0.01) B

	
18.79

(7.74) a

	
0.54

(0.22) B




	
Forest floor

	
710.50

(69.23) a

	
28.05

(0.83) C

	
950.67

(42.07) a

	
29.05 (1.49) C

	
739.66

(69.60) a

	
21.80 (2.55) C




	
Tree roots

	
43.72

(10.22) a

	
1.70

(0.29) B

	
127.11

(12.23) b

	
3.86

(0.23) B

	
93.36

(11.97) ab

	
2.72

(0.28) B




	
Herb roots

	
12.24

(2.87) a

	
0.48

(0.09) B

	
3.94

(0.08) a

	
0.12

(0.01) B

	
8.11

(3.26) a

	
0.24

(0.09) B




	
Mineral soil

	
1537.36

(69.52) a

	
61.21

(2.50) D

	
1597.77

(52.65) a

	
48.76 (1.15) D

	
2124.10

(101.40) b

	
62.16 (0.64) D




	
Total

	
2523.82

(178.50) a

	

	
3278.67

(111.71) b

	

	
3414.49

(129.34) b

	








Data are presented as the mean value with the standard error (SE) given in parenthesis. Mean values within a row followed by different lowercase letters are significantly different at p < 0.05, Mean values within a column followed by different Uppercase letters are significantly different at p < 0.05.
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Table 7. The P Stocks of different components and their contributions to the total ecosystem P pool in three different aged stands.
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22-Year-Old Stand

	
32-Year-Old Stand

	
42-Year-Old Stand




	

	
P Stock (kg hm−2)

	
Ratio (%)

	
P Stock (kg hm−2)

	
Ratio (%)

	
P Stock (kg hm−2)

	
Ratio (%)






	
Aboveground tree

	
17.82

(4.32) a

	
4.00

(0.81) A

	
54.57

(3.91) b

	
8.86

(0.35) A

	
33.33

(3.03) a

	
7.04

(0.70) A




	
Aboveground herb

	
4.56

(1.66) a

	
1.03

(0.35) A

	
1.69

(0.14) a

	
0.28

(0.02) BD

	
2.36

(0.67) a

	
0.50

(0.15) B




	
Forest floor

	
83.51

(7.46) a

	
18.97 (0.92) B

	
126.29

(3.61) b

	
20.60 (0.86) C

	
87.39

(9.53) a

	
18.35 (1.66) C




	
Tree roots

	
3.22

(0.62) a

	
0.72

(0.11) A

	
13.76

(1.01) b

	
2.24

(0.10) B

	
10.51

(1.92) b

	
2.19

(0.31) B




	
Herb roots

	
2.19

(0.60) a

	
0.50

(0.12) A

	
0.66

(0.01) a

	
0.11

(0.00) D

	
1.08

(0.44) a

	
0.23

(0.10) B




	
Mineral soil

	
327.54

(12.09) a

	
74.78 (2.22) C

	
417.27

(15.60) a

	
67.92 (0.41) E

	
340.12

(11.48) a

	
71.68 (0.92) D




	
Total

	
438.84

(21.32) a

	

	
614.24

(20.47) b

	

	
474.78

(19.22) a

	








Data are presented as the mean value with the standard error (SE) given in parenthesis. Mean values within a row followed by different lowercase letters are significantly different at p < 0.05, Mean values within a column followed by different Uppercase letters are significantly different at p < 0.05.
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