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Ecological stoichiometry is an important index that reflects the element cycle and ecosystem stability. In this study, two sites (sunny and shady slopes) and five forest ages (young stage, half-mature stage, near-mature stage, mature stage, and over-mature stage) in a Pinus tabuliformis plantation were chosen to illustrate the effects of forest ages and site conditions on the biomass and stoichiometric characteristics of leaves and soils in the temperate mountainous area of China. Except for young stage, the biomass of the leaves of P. tabuliformis on sunny slopes were higher than those on shady slopes in other forest ages, the average carbon content of the leaves in sunny slopes was higher than that in shady slope, while the average total nitrogen contents and average total phosphorus contents of the leaves showed the opposite of this. The biomass of leaves increased on sunny slopes, and increased first and then decreased in shady slopes with increasing forest ages. The contents of soil total carbon (STC) and soil total nitrogen (STN) decreased with increasing soil depth, while the soil total phosphorus (STP) and soil available phosphorus (SAP) contents displayed the opposite. In addition to SAP, the average content of STC, STN, and STP in shady slopes was higher than that in sunny slopes, and the ratio was the opposite. Except for STC: STN on shady slopes, the other ratios showed a downward trend with an increase in soil depth. Excluding the topsoil, the change trend of STC : STP and STN : STP in shady slopes and sunny slopes was consistent with forest ages. The results showed that forest ages and site conditions had significant effects on leaf biomass. The biomass of the leaves is mainly limited by nitrogen. These results have important significance in improving the refinement of local forestry management of Pinus tabuliformis plantations in the temperate mountainous area of China.
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1  Introduction

Forest ecosystems are the main constitute of terrestrial ecosystems (Wang et al., 2008), which play a pivotal role in coping with global climate change, maintaining ecological balance, and protecting biodiversity. In complex forest ecosystems, soil is the basis for plant survival. It provides nutrients and water for plants, and plants return nutrients to the soil through dead branches and leaves. These factors are closely linked and there is an extremely close relationship between plant and soil C, N, and P stoichiometric characteristics. Based on the principles and methods of ecological stoichiometry, it is of great significance to study the ecological stoichiometry characteristics of total carbon, total nitrogen, and total phosphorus of plants and soils in forest ecosystems to reveal the nutrient limitation and the mechanism of element cycling and balance. Ecological stoichiometry is the application of stoichiometry in ecology. It is a new subject developed in the last 20 years and a new method to study plant-soil interactions and the carbon, nitrogen, and phosphorus cycle (Yang, 2020), which provides a good index and research direction for the study of plant-environment interactions (Deng et al., 2020). In ecological stoichiometry, each element has a different role, among which carbon plays the part of a structural element in the plant body, and nitrogen and phosphorus play an important role in determining the limiting factors of plant productivity (Wassen et al., 1995; Zhang et al., 2004). Studies have found significant differences in nitrogen and phosphorus contents between plant phylogenetic stages (coniferous and broad-leaved) and plant functional groups (tree, shrub, and grass), and the seasonal variation has been found to be strongly reflected in the leaves (Yan et al., 2021). The C: N and C:P ratios can represent the nitrogen and phosphorus nutrient utilization efficiency and carbon assimilation capacity of plants, and the N:P ratio can reflect the characteristics of the supply and limitation of nitrogen and phosphorus nutrients to plants in the ecosystem (Yang et al., 2020). Changes and the distribution of soil nutrients directly affect the availability of plant nutrients Plant biomass is an important indicator of plant growth (Huang, 2020). The stability of plant elements in different growth and development stages, along with the relationship between plant growth biomass allocation and the content and ratio of nitrogen and phosphorus elements have become the focus of ecological stoichiometry research (Wang and Yu, 2008; Wu et al., 2010). To date, many studies on modeling individual tree biomass in China have been published (Zou et al., 2015). Stands of different ages require different allometric biomass equations (Mensah et al., 2016). Because of the differences in studies (Wang et al., 2013; Lie and Xue, 2016; Yang et al., 2019), there are significant differences in tree biomass among different age groups, leaving some researchers believe that plants with stable stoichiometric characteristics have higher and more stable biomass (Güxsewell and Gessner, 2009). Biomass is the material and energy basis of the entire forest ecosystem and is the basis for studying the productivity, net primary productivity, and carbon cycle in a forest. Metrological characteristics can intuitively reflect plant nutrient content and nutrient utilization strategies (Li et al., 2015). The distribution pattern and changes in the nutrient content of the soil will greatly affect the growth and development of plants in the forest stand (Liu et al., 2010). Therefore, understanding the terrestrial ecosystem which includes plant leaves and soil carbon, nitrogen, and phosphorus nutrient elements and their relationship with biomass, along with exploring the sources of plant nutrients in the soil nutrient cycling and balance constraint relationship between them, has important significance in improving the refinement of local forestry management.

At present, ecological stoichiometry has made great progress worldwide, especially in the study of forest and aquatic ecosystems. Compared with Western countries, China’s relevant research theory has had a late start, and there is still a big gap within the knowledge. Since Elser et al. (1996) first clearly put forward the concept of ecological stoichiometry, an increasing number of ecologists have begun to pay attention to and devote themselves to this field (Elser et al., 2000a; Elser et al., 2000b; Tessier and Raynal, 2003; Güsewell, 2004; Sistla and Schimel, 2012). Some researchers have studied the stoichiometric characteristics of plant leaves, other organs, and soil. And one of the studies found that the nitrogen content in the leaves of the three main plants in the Songnen plain had great differences, while the phosphorus content showed no significant differences. The N:P ratio in plant leaves was greatly affected by the content of soil nutrients, such as carbon, nitrogen, and phosphorus. Studies have shown that leaf nitrogen and phosphorus content can affect the final allocation of plant biomass (Usuda, 1995; Andrews et al., 2006;  Kerkhoff and Enquist, 2006; Ren et al., 2007; Fan et al., 2008; Ding et al., 2011; Xu and Jiang, 2015). It indicated that the nutrient content of soil had certain influence on the nutrient content and biomass of leaves. Forest ages and site conditions are important factors for studying plant and soil nutrients. There are few studies on plant-soil nutrients including forest ages and site conditions. Therefore, it is very necessary and important to study the effects of soil carbon, nitrogen and phosphorus on leaf biomass and carbon, nitrogen and phosphorus contents of leaves under different forest ages and site conditions.

Pinus tabuliformis is an important tree species for afforestation and soil and water conservation in the temperate mountainous area of China and a large area of P. tabuliformis plantations has been formed, which plays a very important ecological role in the environment of the area. In our previous study found a conclusion that the carbon content of the leaves and the TC, TN, and TP content of the soil of Pinus tabuliformis plantations in the temperate mountainous area of China changed with forest ages and the accumulations of soil TC, TN, and AP are long-term process, and TP content has the most evident accumulation trend with an increase in forest ages (Wang et al., 2021). Therefore, based on the previous research results, this study was aimed to analyze leaf biomass and the changes of leaf total carbon (LTC), total nitrogen (LTN), total phosphorus (LTP), and soil total carbon (STC), total nitrogen (STN), total phosphorus (STP), available phosphorus (SAP) in P. tabuliformis plantations over the entire life cycle under different site conditions in a more in-depth manner. The purpose of this study was to determine:1) the changes of leaf biomass and element content in P. tabuliformis plantations at different forest ages and site conditions; 2) effects of soil C: N: P stoichiometry on leaf biomass and leaf C: N: P stoichiometry.


2  Materials and methods

2.1  Overview of the study area

The sample plots are located in Fushun County, a mountainous area of eastern Liaoning Province in the temperate humid climate region of China, which belongs to the temperate monsoon climate zone with cold winters and rainy summers. The average annual precipitation is 700–850 mm, average annual temperature is 4–11°C, the soil is mainly dark brown loess, generally acidic or neutral loess. Quercus mongolica, Juglans mandshurica, Rubus crataegifolius, Alnus sibirica, Lespedeza bicolor, and Corylus heterophylla were the main understory plants.

Fixed sample plots of Pinus tabuliformis plantations are located in Magu Forest Farm of Fushun Mining Group Co., Ltd. in the eastern mountainous area of Liaoning Province. A total of 30 sample plots were set up for the study, each with an area of 0.06 hm2 (20 m × 30 m)。Fifteen of the sample plots had a low mountain sunny slope and the other 15 plots had a low mountain shady slope. The stands of each site condition included five age classes: young stage (YS ≤ 20a), half mature stage (20a<HMS ≤ 30a), near mature stage (30a<NMS ≤ 40a), mature stage (40a<MS ≤ 60a) and over mature stage (OMS>60a). In each sample plot, two standard trees were selected and their height and diameter at breast height were measured, and stand density, stand age, stand average diameter at breast height, stand average height and other stand indicators were also investigated. The profiles of the sample plots are listed in Table 1.

Table 1 | Profiles of the sample plots.




2.2  Leaf samples

Two standard branches were selected from each of the three layers (upper, middle, lower) of the canopy for needle leaf sampling in October 2019. Needle leaf samples collected from each standard branch were mixed and stored in an envelope. Six needle leaf samples were collected from each standard tree crown, and a total of 360 needle leaf samples were collected from all 30 sample plots. Needle leaf samples were weighed at the sample plots for fresh weight and brought back to the laboratory. Fresh leaf samples were killed using an oven at 105°C and dried at 65°C to a constant weight, then weighed for dry weight and the biomass of the needle leaves was calculated.


2.3  Determination of biomass of leaf per plant

In order to reduce the error caused by water loss of needles during the removal of needles from standard branches, the fresh weight of each layer of standard branches with leaves was weighed and recorded as M1, and the fresh weight of branches was recorded as M2 after the removal of the fresh leaves, and the fresh weight of needles was recorded as M1-M2. After weighing the fresh weight of the sampling branches and sample leaves, they were placed in a laboratory oven and baked to a constant weight at a constant temperature of 80°C. Then, the biomass calculation formula for each layer of leaves is as follows:

	

where W is leaf biomass, M1 is the standard branch weight with leaves, M2 is the standard branch weight, N is the number of standard branches, and P is the leaf water content (dry weight of sample leaves versus fresh weight of sample leaves).

The obtained leaf biomass of each layer was added as the biomass of leaf per plant.


2.4  Soil samples

In October 2019, a soil pit (1m× 0.5m × 0.6m) was excavated at 0.5m and 1m away from the standard tree trunk in each sample plot. Set three soil layers (0-20 cm, 20-40 cm, and 40-60 cm) in the soil pit, and collect soil mixed samples of each layer. A total of 360 soil samples were collected. Soil samples were brought back to the laboratory, dried and subjected to soil nutrient measurements.


2.5  Elements in leaf and soil samples

Needle samples were screened using a 60-mesh sieve and soil samples were screened using a 100-mesh sieve. Appropriate samples were weighed to determine the nutrients of needles and soil. Total carbon and total nitrogen contents of soil and needle were measured using an elemental analyzer (Vario EL III, Elementa Langensel bold, Germany). Total phosphorus content of needles is the molybdenum blue colorimetric-spectrophotometer method. Total phosphorus in soil was determined by the HCLO4-H2SO4-molybdenum-antimony colorimetric method, and available phosphorus in soil was determined by the molybdenum-antimony colorimetric method (Zhang J, 2019).


2.6  Statistical analysis

Data were analyzed using SPSS 22.0 software (SPSS, Inc., Chicago, IL, USA). The differences in the biomass, total carbon, total nitrogen, and total phosphorus content in leaf and soil ecological stoichiometry and its ratio throughout different age classes in entire life cycle at different site conditions were examined using single factor variance analysis. Duncan’s multiple comparison method was used for significance analysis (p< 0.05). Furthermore, the ecological stoichiometry and ratio of soil and its correlation with leaf biomass was also analyzed by Person correlation analysis. The same correlation analysis was used to examine the ecological stoichiometry and ratio of soil and its correlation with leaf biomass. The relationships between the ecological stoichiometry and the ratio of the surface soil (0-20 cm), the ecological stoichiometry and ratio of leaves, along with the ecological stoichiometry and ratio of soil and its correlation with leaf biomass in P. tabuliformis plantations were analyzed by Pearson correlation analysis.



3  Results

3.1  Leaf biomass per plant in .Pinus tabuliformis plantation

Over the entire life cycle of the P. tabuliformis plantation, the average biomass of leaves per plant was 38.86 kg on sunny slopes and 22.43 kg on shady slopes. The leaf biomass of the sunny slope gradually increased with increasing forest ages and reached a maximum in the OMS (Figure 1). The leaf biomass of YS was significantly different from that of the other forest ages. The leaf biomass of the shady slope first increased and then decreased with the increase in forest ages and reached the maximum value in NMS. At the same forest ages, the biomass of leaves at different site conditions was significantly different only in HMS and OMS. And the biomass of leaves on the sunny slope was higher than that on the shady slope.



Figure 1 | Biomass of leaf based on forest ages and site conditions. Different capital letters indicate significant differences in forest ages, and different lowercase letters indicate significant differences sites conditions (p< 0.05). YS, Young stage; HMS, Half-mature stage; NMS; Near-mature stage; MS, Mature stage; OMS, Over-mature stage; Sunny, Sunny slope; Shady, Shady slope.




3.2  Leaf ecological stoichiometric characteristics

3.2.1  LTC, LTN, and LTP

Over the entire life cycle of the P. tabuliformis plantation, the average total carbon in the leaves was 480.89 g·kg-1 on sunny slopes and 465.86 g·kg-1 on shady slopes (Figure 2A); the average total nitrogen in the leaves was 14.39 g·kg-1 on sunny slopes and 15.25 g·kg-1 on shady slopes (Figure 2B), and the average total phosphorus in the leaves was 1.78 g·kg-1 on sunny slopes and 2.01 g·kg-1 on shady slopes (Figure 2C).



Figure 2 | The total carbon of leaf (A), total nitrogen of leaf (B), and total phosphorus of leaf (C). Different capital letters indicate significant differences in forest ages, and different lowercase letters indicate significant differences sites conditions (p< 0.05). YS, Young stage; HMS, Half-mature stage; NMS, Near-mature stage; MS, Mature stage; OMS, Over-mature stage; Sunny, Sunny slope; Shady, Shady slope.



In the same site conditions, there was no significant difference in the total carbon, total nitrogen, and total phosphorus in the leaves of sunny slopes among different ages. The total carbon of leaves in shady slopes was significantly different between the other forest ages, excluding NMS and OMS. Except for YS and OMS, there was a significant difference in the total nitrogen of leaves between the other forest ages. There was no significant difference in the total phosphorus of leaves among the different forest ages. In the same forest age, the total carbon of leaves in HMS and NMS was significantly different between the two site conditions. The total nitrogen of leaves in YS, HMS, and MS was significantly different between the two site conditions while the total phosphorus of leaves in NMS was significantly different between the two site conditions. The average total nitrogen and total phosphorus of leaves on shady slopes were higher than those on sunny slopes, but the regular of total carbon of leaves was the opposite.


3.2.2  Stoichiometric ratio of LTC, LTN, and LTP

Over the entire life cycle of the P. tabuliformis plantation, the average LTC : LTN ratio was 33.71 in the sunny slope and 30.92 in the shady slope (Figure 3A), the average LTC : LTP ratio was 274.43 in the sunny slope and 235.17 in the shady slope (Figure 3B), and the average LTN : LTP ratio was 8.21 in sunny slopes and 7.67 in shady slopes (Figure 3C). The results showed that LTC : LTN had no obvious change with forest ages. LTC : LTP and LTN : LTP both reached their maximum values at MS or OMS. LTC : LTN, LTC : LTP, and LTN : LTP of sunny slopes was higher than that of shady slopes.



Figure 3 | LTC : LTN of leaves (A), LTC : LTP of leaves (B), and LTN : LTP of leaves (C). Different capital letters indicate significant differences in forest ages, and different lowercase letters indicate significant differences sites conditions (p< 0.05). YS, Young stage; HMS, Half-mature stage; NMS, Near-mature stage; MS, Mature stage; OMS, Over-mature stage. Sunny, Sunny slope; Shady, Shady slope.





3.3  Soil ecological stoichiometric characteristics

3.3.1  STC, STN, STP, and SAP

Over the entire life cycle of the P. tabuliformis plantation, the average STC was between 4.88 and 26.34 g·kg-1 in sunny slopes and in shady slopes it ranged between 4.09 and 32.42 g·kg-1 (Figure 4A), while the average STN was between 0.31 and 1.91 g·kg-1 in sunny slopes and in shady slopes it was between 0.27 and 2.08 g·kg-1 (Figure 4B). The average STP ranged from 0.36 to 1.08 g·kg-1 in sunny slopes and in shady slopes it was between 0.64 and 1.80 g·kg-1 (Figure 4C), and the average SAP was 14.72 to 19.06 mg·kg-1 in sunny slopes and between 13.97 and 18.20 mg·kg-1 in shady slopes (Figure 4D).



Figure 4 | STC of soil (A), STN of soil (B), STP of soil (C), and SAP of soil (D). Different capital letters indicate significant differences in soil layers and different lowercase letters indicate significant differences forest ages, and additional different capital letters indicate significant differences in site conditions (p< 0.05). YS, Young stage; HMS, Half-mature stage; NMS, Near-mature stage; MS, Mature stage, OMS, Over-mature stage. Sunny: Sunny slope, Shady: Shady slope.



The STC and STN were not significantly different under different site conditions, but the STP and SAP were significant differences under different site conditions. The order of the STC and STN in different soil layers were 0-20 cm, 20–40 cm, 40-60 cm. Moreover, the topsoil content (0–20 cm) was significantly different from that of the other soil layers. However, the STP and SAP in different soil layers were generally found to be greater in the following order of soil depth: 40–60 cm, 20–40 cm, 0–20 cm. The STC and STN decreased with increasing soil depth, while the STP and SAP were opposite. There was no significant difference in the STP among the different soil layers. However, there was a significant difference in the SAP between the 40cm and 60 cm soil layer and other soil layers. In the sunny slopes, the element contents did not change with forest ages, but almost all reached the maximum value in the OMS. In shady slopes, the STC, STN and STP in different soil layers changed with forest ages in the same way, both increased first and then decreased. The SAP in different soil layers decreased first and then increased with the increase in forest ages, and the maximum value was found in YS.


3.3.2  Stoichiometric ratio of STC, STN, and STP

Over the entire life cycle of the P. tabuliformis plantation, the average STC : STN was between 12.87 and 16.94 in sunny slopes and in the shady slopes it ranged from 13.97 to 18.20 (Figure 5A). The average STC : STP was found to be between 12.97 and 51.93 in sunny slopes and in shady slopes it was between 4.37 and 34.26 (Figure 5B), while the average STN : STP ranged from 0.87 to 3.31 in sunny slopes and 0.35 and 2.36 in shady slope (Figure 5C).



Figure 5 | STC : STN (A), STC : STP (B), and STN : STP (C). Different capital letters indicate significant differences in soil layers and different lowercase letters indicate significant differences forest ages, and additional different capital letters indicate significant differences in site conditions (p< 0.05). YS, Young stage; HMS, Half-mature stage; NMS, Near-mature stage; MS, Mature stage; OMS, Over-mature stage. Sunny: Sunny slope, Shady: Shady slope.



STC : STN showed no significant difference under different site conditions, while STC : STP and STN : STP were significantly different under different site conditions. On sunny slopes, STC : STN, STC : STP, and STN : STP showed a downward trend with increasing soil depth. STC : STP and STN : STP first increased and then decreased with increasing forest ages. In shady slopes, STC : STN changed irregularly with soil depth, and both STC : STP and STN : STP showed a decreasing trend with increasing soil depth.



3.4  Correlation of leaf ecological stoichiometry and biomass with soil ecological stoichiometry

As shown in Table 2, in the sunny slopes, in YS, STC : STN had a significant negative correlation with LTN and LTN : LTP, and a significant positive correlation with LTC : LTN. STN : STP was significantly and positively correlated with LTC. There was a significant positive correlation between LTN and LTP. LTC : LTN, LTC : LTP, and LTN : LTP were significantly negatively correlated. In HMS, there was a significant negative correlation between biomass and LTN, and LTP and LTC : LTP was significantly negatively correlated. In NMS, there was a significant negative correlation between biomass and LTC : LTP. In MS, STC was negatively correlated with LTP and positively correlated with LTC : LTP. STN and LTC : LTP showed a significant positive correlation. SAP was positively correlated with LTC. LTC and LTN : LTP showed a significant negative correlation. In the OMS, SAP had a significant positive correlation with LTC : LTN. There was a significant positive correlation between biomass and STN : STP. LTP and LTN : LTP showed a significant negative correlation.

Table 2 | Correlations of leaf biomass and ecological stoichiometry with soil ecological stoichiometry.



In the shady slopes, there is a significant positive correlation between LTC and LTN in YS, and a significant negative correlation between LTC, LTN, and LTC. LTN and LTC : LTN were negatively correlated. LTP and LTC : LTP showed a significant negative correlation. In NMS, there was a significant positive correlation between biomass and LTC. STP and LTC : LTP showed a significant positive correlation. STC : STP and LTC : LTP were significantly negatively correlated. STN : STP and LTP showed significant positive correlations. In MS, STC : STN, and LTN : LTP showed a significant positive correlation, while STN : STP and LTN : LTP showed a significant negative correlation. The correlation between LTN and LTC LTN was significantly negative. In the OMS, there was a significant positive correlation between biomass and STC : STP, while there was a significant negative correlation between LTC and LTN, a significant positive correlation between LTC and LTN, a significant positive correlation between LTC and LTP, and a significant positive correlation between LTC : LTP and LTN : LTP. There were significant negative correlations between LTN and LTC : LTN, LTC : LTP, and LTN : LTP. LTC : LTN, and LTC : LTP, LTC : LTP, and LTN : LTP were significantly positively correlated, while LTN : LTP and LTP showed a significant negative correlation



4  Discussion

4.1  Effects of site conditions and forest ages on leaf biomass

In this study, the result (Figure 1) is consistent with the results of Huang (2020) and Zhang P (2019). P. tabuliformis is a coniferous evergreen tree of Pinaceae, The species is greatly affected by light and because light had a certain promotion effect on the increase in leaf biomass, the leaf biomass of sunny slopes was slightly higher than that of shady slopes. And with an increase in forest ages, the leaf biomass showed an increase with the increase in forest ages. At the later stage of tree growth, the biomass growth of each stand stage showed a decreasing trend, indicating that the growth of trees was gradually stable, especially at the aged stage. Some studies believe that the death of trees is one of the main reasons for the decrease in forest biomass in the old forest age stage (Xu et al., 2012). In addition, the light is not sufficient on the shady slope, therefore the leaf biomass of P. tabuliformis may decrease after it enters the aging stage. These results determined the changes of leaf biomass and element content in P. tabuliformis plantations under different forest ages and site conditions.


4.2  Effects of site conditions and forest ages on leaves and soil C:N:P stoichiometric characteristics

In this study, the results (Figures 2A, 2B and 2C) which was inconsistent with previous research results (Liu et al., 2015; Wang et al., 2015; Jiang et al., 2016). These results may be influenced by different factors such as sampling time, forest ages, site conditions, and climate environment of the growing place. This study also found that because of the fact that the P. tabuliformis plantation with NMS was in the peak growth period and may needed more rRNA to meet the protein synthesis, thus leading to an increase in leaf nitrogen content. In shady slopes, leaf total nitrogen of the P. tabuliformis plantation reached the maximum value in MS, which may be due to a lack of light. In addition, this species was in the peak growth stage in the MS stage. The change of total nitrogen in P. tabuliformis needles between forest ages directly affected the difference between forest ages of LTC : LTN and LTC : LTP. The changes in total carbon, total nitrogen, and total phosphorus of the needles of the five forest ages were not consistent, which might be because the absorption and demand of soil nutrients were different with the increase in the age of the forest. In addition, the supply of soil nutrients under the forest also changed with the change of time and the comprehensive influence of various factors (Wang et al., 2011). The total carbon of the leaves on the sunny slopes was higher than that of the leaves on the shady slopes, which may be because the leaves on sunny slopes undergo photosynthesis and accumulate more nutrients than those on shady slopes. The results verified that the element content of P. tabuliformis plantation leaves were related to forest ages and site conditions. The leaf total carbon of P. tabuliformis was significantly higher than that of 492 other terrestrial plants (464 g·kg-1) studied by Elser et al. (2000a), indicating that the leaf organic compound content of P. tabuliformis was higher.

The total nitrogen of leaves was significantly lower than the average nitrogen content of Chinese plants (20.2 g·kg-1) and the average nitrogen content of global plants (20.6 g·kg-1). In contrast, the total phosphorus in leaves was slightly higher than the average phosphorus content in China (1.46 g·kg-1) and the average phosphorus content of global plants (1.99 g·kg-1). The results showed that there was a lack of nitrogen in P. tabuliformis. Some studies have shown that when LTN : LTP is >16, plant growth is restricted by phosphorus. When LTN : LTP was less than 14, plant growth is considered to be restricted by nitrogen and when LTN : LTP is between 14 and 16, plant growth is considered to be restricted by both (Koerselman and Meuleman, 1996). In this study, the result (Figure 3C) showed that the growth of P. tabuliformis plantations was mainly restricted by nitrogen. In the management of plantations, especially in the young stage of P. tabuliformis plantations, nitrogen fertilizer should be reasonably applied to improve the soil nutrient supply. Based on the principle of LTN : LTP stoichiometry, the changes in the LTN : LTP ratio in different age communities were studied. It was found that the main nutrient elements limiting plant growth in different age groups are of great significance for forest management to improve productivity.

The results of soil stoichiometric characteristics are consistent with the research results of Zhao et al. (2012). The reason may be that woodland litter gradually increases with an increase in time, so soil elements are accumulating. However, in shady slopes, it may be that in the late growth period, due to insufficient illumination, weakened photosynthesis, and reduced synthetic organic matter, the demand of plants for soil nutrients increased, so the nutrient content in the soil decreased. The STC and STN were the highest in the surface layer (0–20 cm), showing a “surface aggregation” phenomenon, which was consistent with previous research results (Pan et al., 2011). In this study, the STP was lower than the global average level (2.8 g·kg-1) (Ren et al., 2007), which is consistent with the previous findings reporting that soil phosphorus content in China is generally lower than the global level (Yang et al., 2014). Soil phosphorus is made available from the differentiation of soil minerals and the activities of microorganisms, and with an increase in time, the external environment changes, and the hydrothermal conditions also change, leading to a change in phosphorus content. However, the main source of available phosphorus in soil is rock and mineral weathering, which is a steady and lengthy process. Therefore, soil phosphorous did not significantly change due to soil depth. In this study, because the growth of P. tabuliformis in sunny slopes is better than that in shady slopes, and the nutrient demand is higher. Therefore, the soil transports more nutrients to P. tabuliformis in sunny slopes, so the nutrient content in the soil is relatively low.


4.3  C:N:P stoichiometric characteristics of soil and leaves

In this study, based on the correlation between leaf biomass and leaf total carbon, total nitrogen and total phosphorus, and soil total carbon, total nitrogen, and total phosphorus, it can be concluded that leaf biomass was related to leaf total carbon, total nitrogen, and the LTC : LTP ratio, and STC : STP and STN : STP. In other words, leaf biomass can be adjusted by adjusting the soil total carbon, total nitrogen, and total phosphorus. When soil total nitrogen is sufficient, the leaf biomass can be improved. The results confirmed that soil C:N:P stoichiometric characteristics have a certain influence on leaf biomass. The stoichiometric characteristics of nitrogen and phosphorous in plant leaves were not significantly correlated with biomass change. This result is consistent with the findings of Yan et al. (2015). In shady slopes and YS, it may be that the plants are in the early stage of structure construction and growth, which requires a large amount of protein synthesis from nitrogen and is also the period of biomass accumulation. Therefore, there is a significant positive correlation between LTC and LTN. In the OMS, LTC and LTN were negatively correlated. This result is consistent with the results of Dong (2017), which may be due to the contradictory allocation of leaf nutrients between structural construction and rapid plant growth.

Under different site conditions, according to the correlation between leaf total carbon, total nitrogen, and total phosphorus and soil total carbon, total nitrogen, and total phosphorus, it can be seen that the leaf carbon, nitrogen, and phosphorus content can be adjusted by adjusting the soil carbon, nitrogen, and phosphorus content. This result confirmed that soil C:N:P stoichiometric characteristics significantly affect leaf C:N:P stoichiometric characteristics.



5  Conclusions

The forest ages and site conditions of P. tabuliformis plantations had significant effects on leaf biomass and site conditions had a certain effect on the total carbon, total nitrogen, and total phosphorus in leaves and soil. Due to light, the biomass, LTC and element ratios of P. tabuliformis on sunny slopes were all higher than those on shady slopes. The STC and STN decreased with increasing soil depth. In addition to SAP, the average content of STC, STN, and STP in shady slopes was higher than that in sunny slopes, and the ratios showed the opposite. The results showed that the biomass of leaves was mainly limited by nitrogen, and there was a lack of nitrogen in the leaves. In the management of P. tabuliformis plantations in this temperate mountainous area, it is suggested to plant on sunny slopes, and especially during the young stage of P. tabuliformis plantations. In addition, it is suggested to apply a reasonable amount of nitrogen fertilizer to improve the soil nutrient supply and increase the biomass of leaves. These results can provide a reference for the management of P. tabuliformis plantations in the temperate mountainous area of China.


Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.


Author contributions

All authors contributed to the article and approved the submitted version.


Funding

This research was funded by Scientific Research Fund of Liaoning Provincial Education Department (LJKZ0686), Science and Technology Project Program of Liaoning Provincial Science and Technology Department (2021JH2/1020007, 2020JH2/10200033), The Nationa l Key R&D Program of China (2017YFD060050102).


Acknowledgments

We are particularly grateful to the following lab members for their help: ZJ, BQ, and ML.


Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


References

 Andrews, M., Raven, J. A., Lea, P. J., and Sprent, J. I. (2006). A role for shoot protein in shoot-root dry matter allocation in higher plants. Ann. Bot. 97, 3–10. doi: 10.1093/aob/mcj009

 Deng, B. W., Xu, Y. Y., Chen, Y. F., Zhang, S., Zhen, D. X., Liao, X. L., et al. (2020). Stoichiometry and homesotasis of nitrogen, phosphorus and potassium in leaf of dominant tree species in china’s coniferous forest. For. Res. 33, 81–87. doi: 10.13275/j.cnki.lykxyj.2020.06.010

 Ding, F., Lian, P. Y., and Zeng, D. H. (2011). Characteristics of plant leaf nitrogen and phosphorus stoichiometry in relation to soil nitrogen and phosphorus concentrations in songnen plain meadow. Chin. J. Ecol. 30, 77–81. doi: 10.13292/j.1000-4890.2011.0029

 Dong, N. N. (2017). Influence of c, n, p stoichiometric characteristics of typical forests in qinling mountains on community biomass (Yangling,China: Northwest Agricultural and Forestry University).

 Elser, J. J., Dobberfuhl, D. R., Mackay, N. A., and Schampel, J. H. (1996). Organism size, life history, and N:P stoichiometry. BioScience 46, 674–684. doi: 10.2307/1312897

 Elser, J. J., Fagan, W. F., Denno, R. F., Dobberfuhl, D. R., Folarin, A., Huberty, A., et al. (2000a). Nutritional constraints in terrestrial and freshwater food webs. Nature 408, 578–580. doi: 10.1038/35046058

 Elser, J. J., Sterner, R. W., Gorokhova, E., Fagan, W. F., Markow, T. A., Cotner, J. B., et al. (2000b). Biological stoichiometry from genes to ecosystems. Ecol. Lett. 3, 540–550. doi: 10.1111/j.1461-0248.2000.00185.x

 Fan, Z. Q., Wang, Z. Q., Chu, W., Sun, H. L., Xu, W. J., and Huo, C. F. (2008). Nitrogen and biomass partitioning pattern in root and leaf of Fraxinus mandshurica seedlings. Chines Agric. Sci. Bull. 24, 45–51. doi: CNKI:SUN:ZNTB.0.2008-01-011

 Güsewell, S. (2004). N: P ratios in terrestrial plants: Variation and functional significance. New Phytol. 164, 243–266. doi: 10.1111/j.1469-8137.2004.01192.x

 Güsewell, S., and Gessner, M. O. (2009). N:P ratios influence litter decomposition and colonization by fungi and bacteria in microcosms. Funct. Ecol. 23, 211–219. doi: 10.1111/j.1365-2435.2008.01478.x

 Huang, X. N. (2020). Response and simulation of biomass contrast conditions and stand structure of larix principis-rupprechtii plantation in liupanshan mountain (Beijing, China: Beijing Forestry University).

 Jiang, P. P., Cao, Y., Chen, Y. M., and Wang, F. (2016). Variation of c, n and p stoichiometric in plants, litter and soil in during stand development in Pinus tabulaeformis plantations. Acta Ecologica Sin. 36, 6188–6197. doi: 10.5846/stxb201507211532

 Kerkhoff, A. J., and Enquist, B. J. (2006). Ecosystem allometry: The scaling of nutrient stocks and primary productivity across plant communities. Ecol. Lett. 9, 419–427. doi: 10.1111/j.1461-0248.2006.00888.x

 Koerselman, W., and Meuleman, A. F. M. (1996). The vegetation N:P ratio: A new tool to detect the nature of nutrient limitation. J. Appl. Ecol. 33, 1441–1450. doi: 10.2307/2404783.

 Li, T., Deng, Q., Yuan, Z. Y., and Jiao, F. (2015). Latitude gradient change on herbaceous biomass and leaf n and p stoichiometry characteristics in loess plateau. J. Plant Nutr. Fertilizer 21, 743–751. doi: 10.11674/zwyf.2015.0322

 Lie, G. W., and Xue, L. (2016). Biomass allocation patterns in forests growing different climatic zones of China. Trees 30, 639–646. doi: 10.1007/s00468-015-1306-0

 Liu, B. Y., Chen, Y. M., Cao, Y., and Wu, X. (2015). Storage and allocation of carbon and nitrogen in Pinus tabuliformis plantations on the south slope of the ease qinling mountains, China. Chin. J. Appl. Ecol. 26, 643–652. doi: 10.13287/j.1001-9332.20150106.006

 Liu, X. Z., Zhou, G. Y., Zhang, D. Q., Liu, S. Z., Chu, G. W., and Yan, J. H. (2010). N and p stoichiometry of plant and soil in lower subtropical forest successional series in southern China. Chin. J. Plant Ecol. 34, 64–71. doi: 10.3773/j.issn.1005-264x.2010.01.010

 Mensah, S., Veldtman, R., Du, T. B., Glèlè Kakaï, R. G., and Seifert, T. (2016). Aboveground biomass and carbon in a south African mistbelt forest and the relationships with tree species diversity and forest structures. Forests 7, 1–17. doi: 10.3390/f7040079

 Pan, F. J., Zhang, W., Wang, K. L., He, X. Y., Liang, S. C., and Wei, G. F. (2011). Litter C N:P ecological stoichiometry character of plant communities in typical karst peak-cluster depression. Acta Ecologica Sin. 31, 335–343. Available at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMjA1Eg1zdHhiMjAxMTAyMDA1Ggh4aTZybmVvaA==.

 Ren, S. J., Yu, G. R., Tao, B., and Wang, S. Q. (2007). Leaf nitrogen and phosphorus stoichiometry across 654 terrestrial plant species in NSTEC. Environ. Sci. 28, 2665–2673. doi: 10.3321/j.issn:0250-3301.2007.12.001

 Sistla, S. A., and Schimel, J. P. (2012). Stoichiometric flexibility as a regulator of carbon and nutrient cycling in terrestrial ecosystems under change. New Phytol. 196, 68–78. doi: 10.1111/j.1469-8137.2012.04234.x

 Tessier, J. T., and Raynal, D. J. (2003). Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation. J. Appl. Ecol. 40, 523–534. doi: 10.1046/j.1365-2664.2003.00820.x

 Usuda, H. (1995). Phosphate deficiency in Maize.V. mobilization of nitrogen and phosphorus within shoots of young plants and its relationship to senescence. Plant Cell Physiol. 36, 1041–1049. doi: 10.1093/oxfordjournals.pcp.a078846

 Wang, L. J., Jing, X., Han, J. C., Yu, L., Wang, Y. T., and Liu, P. (2021). How c: N: P stoichiometry in soils and carbon distribution in plants respond to forest age in a Pinus tabuliformis plantation in the mountainous area of eastern liaoning province, China. PeerJ. 9:e11873 doi: 10.7717/peerj.11873

 Wang, J. Y., Wang, S. Q., Li, R. L., Yan, J. H., Sha, L. Q., and Han, S. J. (2011). C:N:P stoichiometric characteristics of four forest types’ dominant tree species in China. Chin. J. Plant Ecol. 35, 587–595. doi: 10.3724/SP.J.1258.2011.00587

 Wang, F. M., Xu, X., Zou, B., Guo, Z. H., Li, Z. A., and Zhu, W. X. (2013). Biomass accumulation and carbon sequestration in four different aged casuarina equisetifolia coastal shelterbelt plantations in south China. PLoS One 8 (10): e77449. doi: 10.1371/journal.pone.0077449

 Wang, B., Yang, F. W., Guo, H., Li, S. N., Wang, Y., Ma, X. Q., et al. (2008). Code for assessing forest ecosystem services (LY/T1721-2008) (Beijing,China: State Forestry Administration).

 Wang, S. Q., and Yu, G. R. (2008). Ecological stoichiometry characteristics of ecosystem carbon, nitrogen and phosphorus elements. Acta Ecologica Sin. 28, 3937–3947. doi: 10.3321/j.issn:1000-0933.2008.08.054

 Wang, N., Zhang, Y. L., Wang, B. T., and Wang, R. J. (2015). Stoichiometric of carbon, nitrogen and phosphorus in Pinus tabulaeformis carr. forest ecosystem in shanxi province, China. Res. Soil Water Conserv. 22, 72–79. doi: 10.13869/j.cnki.rswc.2015.01.014

 Wassen, M. J., Olde Venterink, H. G. M., and De Swart, E. O. A. M. (1995). Nutrient concentrations in mire vegetation as a measure of nutrient limitation in mire ecosystems. J. Vegetation Sci. 6, 5–16. doi: 10.2307/3236250

 Wu, T. G., Wu, M., Liu, L., and Xiao, J. H. (2010). Seasonal variations of leaf nitrogen and phosphorus stoichiometry of three herbaceous species in hangzhou bay coastal wetlands, China. Chin. J. Plant Ecol. 34, 23–28. doi: 10.3773/j.issn.1005-264x.2010.01.005

 Xu, Y. N., and Jiang, M. X. (2015). Forest carbon pool characteristics and advances in the researches of carbon storage and related factors. Acta Ecologica Sin. 35, 926–933. doi: 10.5846/stxb201304190745

 Xu, C. Y., Turnbull, M. H., Tissue, D. T., Lewis, J. D., Carson, R., Schuster, W. S. F., et al. (2012). Age-related decline of stand biomass accumulation is primarily due to mortality and not to reduction in NPP associated with individual tree physiology, tree growth or stand structure in a quercus-dominated forest. J. Ecol. 100, 428–440. doi: 10.1111/j.1365-2745.2011.01933.x

 Yang, L. (2020). Study on the ecological stoichiometric characteristics of larch forest in greater hinggan mountains, inner Mongolia (Hohhot, China: Inner Mongolia Agricultural University).

 Yang, B., Xue, W., Yu, S., Zhou, J., and Zhang, W. (2019). Effects of stand age on biomass allocation and allometry of Quercus acutissima in the central loess plateau of China. Forests 10, 1. doi: 10.3390/f10010041

 Yang, J. J., Zhang, X. R., Ma, L. S., Chen, Y. N., Dang, T. H., and An, S. S. (2014). Ecological stoichiometric relationships between components of Robinia pseudoacacia forest on loess plateau. Acta Pedologica Sin. 51, 133–142. doi: 10.11766/trxb201211280492

 Yang, T., Zhong, Q. L., Li, B. Y., Cheng, D. L., Xu, C. B., Yu, H., et al. (2020). Stoichiometry of carbon, nitrogen and phosphorus and their allometric relationship between leaves and fine roots of three functional forest seedlings. Chin. J. Appl. Ecol. 31, 4051–4057. doi: 10.13287/j.1001-9332.202012.004

 Yan, B. G., Liu, G. C., Fan, B., He, G. X., Shi, L. T., Li, J. C., et al. (2015). Relationships between plant stoichiometry and biomass in an arid-hot valley, southwest China. Chin. J. Plant Ecol. 39, 807–815. doi: 10.17521/cjpe.2015.0077

 Yan, J. M., Zhang, S. H., Wang, M., Hang, W., Qian, S., Qiu, D., et al. (2021). Seasonal dynamics of N,P and K stoichiometry in twigs and needles of pinus dabeshanensis, an endangered gymnosperm species. Bull. Botanical Res. 3, 395–407. doi: 10.7525/j.issn.1673-5102.2021.03.010

 Zhang, P. (2019). Biomass of robinia pseudoacacia plantation and its interannual variation of n and p in the zhifanggou watershed, ansai (Yangling, China: Northwest A&F University).

 Zhang, J. (2019). Effects of fertilization and forest ground clearance methods on growth and coniferous nutrient contents of young pinus tabuliformis plantation (Shenyang, China: Shenyang Agricultural University).

 Zhang, L. X., Bai, Y. F., and Han, X. G. (2004). Differential responses of N:P stoichiometry of Leymus chinensis and Carex korshinskyito n additions in a steppe ecosystem in nei Mongol. J. Integr. Plant Biol. 46, 259–270. doi: 10.3321/j.issn:1672-9072.2004.03.002

 Zhao, F. Z., Han, X. H., Yang, J. H. M., Tong, X. G., Kang, Le, and DUJ, (2012). Change characteristics of density of soil organic carbon and nitrogen under land shifted into forestland in hilly loess region. Res. Soil Water Conserv. 19, 43–47 doi: CNKI:SUN:STBY.0.2012-04-011.

 Zou, W. T., Zeng, W. S., Zhang, L. J., and Zeng, M. (2015). Modeling crown biomass for four pine species in China. Forests 6, 433–449. doi: 10.3390/f6020433


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Zhang, Wang, Jing, Yu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls.2022.1060406_cover.jpg
& frontiers | Frontiers in Plant Science

Response of leaf biomass, leaf
and soil C:N:P stoichiometry
characteristics to different site
conditions and forest ages: a
case of Pinus tabuliformis
plantations in the temperate
mountainous area of China





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Response of leaf biomass, leaf and soil C:N:P stoichiometry characteristics to different site conditions and forest ages: a case of Pinus tabuliformis plantations in the temperate mountainous area of China

      

        		

          1  Introduction

        



        		

          2  Materials and methods

        

          		

            2.1  Overview of the study area

          



          		

            2.2  Leaf samples

          



          		

            2.3  Determination of biomass of leaf per plant

          



          		

            2.4  Soil samples

          



          		

            2.5  Elements in leaf and soil samples

          



          		

            2.6  Statistical analysis

          



        



        



        		

          3  Results

        

          		

            3.1  Leaf biomass per plant in .Pinus tabuliformis plantation

          



          		

            3.2  Leaf ecological stoichiometric characteristics

          

            		

              3.2.1  LTC, LTN, and LTP

            



            		

              3.2.2  Stoichiometric ratio of LTC, LTN, and LTP

            



          



          



          		

            3.3  Soil ecological stoichiometric characteristics

          

            		

              3.3.1  STC, STN, STP, and SAP

            



            		

              3.3.2  Stoichiometric ratio of STC, STN, and STP

            



          



          



          		

            3.4  Correlation of leaf ecological stoichiometry and biomass with soil ecological stoichiometry

          



        



        



        		

          4  Discussion

        

          		

            4.1  Effects of site conditions and forest ages on leaf biomass

          



          		

            4.2  Effects of site conditions and forest ages on leaves and soil C:N:P stoichiometric characteristics

          



          		

            4.3  C:N:P stoichiometric characteristics of soil and leaves

          



        



        



        		

          5  Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Biomass LTC : LTP

STC : STN -0.594 -0.762 -.998* 0.982 999* -0.995 -1.000**

STN : STP -0.13 .998* 0.764 -0.575 -0.696 0.644 0.73
YS

LTN 0.54 0.803 1 -0.967 -0.995 0.986 .999*

LTC:LTN -0.621 -0.74 -0.995 0.988 1 -.998* -.999*

Biomass 1 -0.86 -.998* 0.653 0.982 -0.677 -0.814
HMS

LTP 0.653 -0.175 -0.604 1 0.497 -1.000* -0.972
NMS Biomass 1 0.966 -0.556 0.994 0.463 -997* -0.797

Sunny slope

STC 0.423 -0.847 0.214 -.998* -0.096 998 0.869

STN 0.298 -0.768 0.081 -0.981 0.038 997* 0.795
MS

SAP -0.871 .998* -0.742 0.846 0.657 -0.775 -0.995

LTC -0.84 1 -0.7 0.877 0.61 -0.812 -.999*

SAP -0.371 -0.966 -0.987 -0.877 1.000* 0917 0.873
OMS STN : STP 1.000* 0.579 0.494 -0.146 -0.374 0.053 0.153

LTP -0.122 0.722 0.788 1 -0.863 -0.996 -1.000**

LTC -0.567 1 .999* 0.986 -.999* -0.979 0.984
YS LTN -0.606 .999* 1 0.977 -1.000%* -0.968 0.992

LTP -0.423 0.986 0.977 1 -0.978 -.999* 0.941

Biomass 1 .999* -0.012 -0.727 0.303 0.825 0.498

STP 0.858 0.88 0.504 -0.976 -0.23 .998* 0.873
NMS

STC : STP -0.831 -0.856 -0.546 0.986 0.278 -1.000** -0.896

STN : STP -0.675 -0.708 -0.73 .997* 0.499 -0.974 -0.976

Shady slope

STC : STN 0.312 -0.619 0.487 -0.675 -0.49 0.551 :999%
MS STN : STP -0.333 0.637 -0.506 0.658 0.51 -0.532 -.998*

LTN 0.982 -0.987 1 0.316 -1.000%* -0.461 0.454

STC : STP 997 -0.887 0.882 0.927 -0.874 -0.891 -0.911

LTC -0.85 1 -1.000** -0.996 1.000* 1.000** 1999
OMS

LTN 0.845 -1.000** 1 0.995 -1.000* -1.000* -.998*

LTP 0.896 -0.996 0.995 1 -0.993 -0.996 -.999*

*p < 0.05, **p < 0.01. Only the results with significant correlations are presented in the table. YS, Young stage; HMS, Half-mature stage; NMS, Near-mature stage; MS, Mature stage; OMS,
Over-mature stage. LTC, Leaf total carbon; LTN, Leaf total nitrogen; LTP, Leaf total phosphorus; STC, Soil total carbon; STN, Soil total nitrogen; STP, Soil total phosphorous; SAP, Soil
available phosphorous; Site, site factors, including shady slope and sunny slope. Age: stand age class Variable: all factors for correlation comparison. Biomass: leaf biomass per plant; LTC, Leaf
total carbon; LTN, Leaf total nitrogen; LTP, Leaf total phosphorus. The meaning of bold value indicates the significant correlation between leaf biomass, leaf ecological stoichiometry and soil
ecological stoichiometry under different forest ages and site conditions.





OEBPS/Images/fpls-13-1060406-g002.jpg
25

LTP (g-kg?)

-

0.5

Aa Ba AapBb AaABa

W Sunny
4 = Shady

Forest age

Aa Ab
Aa  Ap Aa AaAa
Aa Aa
Aa
W Sunny
= Shady
4 T T
Ys HMS NMS

Forest age

LTN (g-kg?)

Boe
[SERN)

oN B O ®

ABb

Aa

Ab
Aa A ABa
Ba ABa.
Cb
B Sunny
© Shady
|

YS

T T T T
oms
Forest age





OEBPS/Images/fpls-13-1060406-g004.jpg
YS HMSNMS MS OMS YS HMSNMS MS OMS

Sunny Shady

STP (g'kg™)

YS HMSNMS MS OMS YS HMSNMS MS OMS
Shady

Sunny

®0-20cm
20-40cm

W 0-20cm
W 20-40cm
W 40-60cm

25

[ N
« o

SAP (mg-kg")
!
o

YS HMSNMS MS OMS YS HMSNMS MS OMS

Sunny Shady

YS HMSNMS MS OMS YS HMSNMS MS OMS
Shady

Sunny

H0-20cm
M 20-40cm
1 40-60cm

0-20cm
B 20-40cm
1 40-60cm





OEBPS/Images/fpls-13-1060406-g001.jpg
Biomass of leaf (kg)

~
o

D
o

(€4
o

IS
o

w
o

N
o

[
o

o

YS

HMS

NMS
Forest age

MS

CDb

OMS

B Sunny

i Shady





OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/M1.jpg
W=(M, -

M) X NxP





OEBPS/Images/fpls-13-1060406-g003.jpg
41 4 330
A B " s
39 | 310 -
37 | 290 Aa Aa
270
z B £ f:
5 s 5 250 - e
O o E
5 31 4 g %0 ABb
210 - Ba
29 - 190 |
27 4 170
Cb
25 150
s HMS NMS Ms oMs Ys HMS NMS Ms oms
———Sunny | 3870 30.19 32.09 32.64 34.92 ——Sunny | 27327 | 25080 | 271.13 | 28210 | 28586
——Shady | 30.42 29.41 33.80 29.01 31.95 ——shady | 237.40 | 17551 | 22871 | 267.15 | 267.08
Forest age Forest age
C 10
95
9
85 |
O 8 A
5 75
a 7
6.5 |
6 |
55
5
Ys HMS NMS Ms oms
——sunny | 7.12 8.58 8.52 8.62 8.18
——shady | 8.02 5.98 6.79 9.22 8.33

Forest age






OEBPS/Images/table1.jpg
Age class Mean DBH (cm) Mean tree height (m) Mean stand density(tree-hm’z)

S1, Sunny slope; S2, Shady slope.

S S2 S1 S1 S2
YS 63£09 78+12 38+05 ‘ 45%03 1600 + 52 1600 + 67 ‘
HMS 18.0 + 0.6 16.6 + 1.1 10.7 £ 0.6 ‘ 129+ 1.3 1255 + 31 1255 + 35 ‘
NMS 20313 208 +1.3 123+12 ‘ 13.0+08 1089 + 118 1083 + 108 ‘
MS 207 £22 23547 12.6 £2.0 ‘ 13205 900 + 106 900 + 100 ‘
OMS 275+12 264+ 1.8 15.1£29 ‘ 133+ 1.1 563 + 108 563 + 98 ‘
|






OEBPS/Images/fpls-13-1060406-g005.jpg
STC:STN

STN:STP

M 0-20cm
M 20-40cm
7 40-60cm
YS HMSNMS MS OMS YS HMS NMS MS OMS
Sunny Shady
A A
W 0-20cm
9 20-40cm
AP 40-60cm
AabB

YS HMSNMS MS OMS YS HMSNMS MS OMS
Shady

Sunny

STC: STP

YS HMSNMS MS OMS YS HMSNMS MS OMS
Shady

Sunny

m0-20cm
¥ 20-40cm
 40-60cm





