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Abstract

:

The extensive vegetation destruction in opencast mining regions has led to various environmental problems, including the loss of biodiversity. However, our understanding of biodiversity’s response to survival, as well as its interactions with soil characteristics and climate change, remains limited. To address this gap, we analyzed data from a long-term monitoring site in an opencast coal mine reclamation region, focusing on the effects of species diversity, soil properties, and climate factors on the survival of four key restored species at 17, 22, and 27 years after planting. Our findings indicate that increased plot diversity is associated with decreased overall survival, and significant variations in diversity levels were observed among different plots. We also found that soil properties influenced species’ survival response to diversity, and these responses varied with stand age. In the early stages of succession, soil and diversity primarily affect species survival, with diversity playing a more dominant role as stand age increases. Overall, our findings suggest that the interaction between species diversity and soil composition significantly influences the survival of species. Continuous monitoring is necessary to validate these conclusions, particularly considering the diverse planting patterns in mine reclamation areas that can result in varying feedbacks of biodiversity on species survival.
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1. Introduction


Large-scale coal mining has indeed contributed to human prosperity in recent decades. However, the areas that remain after mining, such as waste dump, have also had detrimental effects on the ecological environment. In particular, the extensive eradication and disappearance of vegetation in these areas have led to several environmental issues, including the loss of biodiversity, soil erosion, and desertification. It is worth noting that a significant number of China’s opencast coal mines, including the Pingshuo opencast mine in the Loess Hills [1], are situated in ecologically vulnerable dry and semi-arid northern regions. Given the strong evidence indicating that revegetation promotes biodiversity and enhances ecosystem services [2], it becomes imperative to undertake reforestation efforts in these regions. Furthermore, understanding the long-term effects of revegetation is crucial, as it takes years, or even decades, for plantations to grow and establish themselves. Therefore, regular monitoring of successful plantations is essential to ensure the maturity and survival of the trees [3]. According to certain studies, the assessment of the survival rates of plants provides valuable insights into their adaptation to the surrounding environment [4,5].



The survival rates of plants, including slow-growing or statically developing ones, provide an indication of the number of plants that are still alive and thriving [6]. Decreased survival and growth can lead to instability in plant populations within the forest, ultimately hindering restoration efforts [7]. Survival serves as a crucial link between ecosystem function and community dynamics [8]. Additionally, it has been suggested that species composition can influence survival probabilities, with dominant species in a stand potentially maintaining consistent survival rates over time from an ecological perspective [9]. Other research proposes that factors such as low nutritional status [10], interspecific competition [11], and shifting environmental conditions may contribute to lower survival rates [12]. However, few studies, especially those considering long-term data, have examined the influence of other factors on species survival [13]. Moreover, due to the challenges associated with accurately determining stand ages, particularly in large-scale surveys, stand age variables are not frequently utilized in survival studies [14].



Both abiotic and biotic factors can influence survival. In the abiotic environment, soil nutrients play a vital role in the ecosystem by supporting the survival and development of trees [15]. During the early stages of reclamation, nutrient accumulation in mine soil is particularly important for plant growth, as most plant mortality occurs during the establishment phase, while established plants tend to survive well [16]; although the input of nutrients such as SOC and N in mine soils is relatively low compared to woodland or agricultural land, their availability directly affects plant survival [17]. While the effects of pathogens and soil microorganisms on plant survival have been extensively studied [18,19], research on the impact of soil nutrients on plant survival is limited. Unlike soil nutrients, topographic variables indirectly influence plant distribution and species composition by regulating factors such as soil water availability, light, and climate [20]. Changes in climate, including increased dryness and the density of trees, can have detrimental effects on tree development and ultimately lead to reduced tree survival [21,22]. Historical data from the arid and semi-arid regions of northern China since 1949 indicate that only 15% of newly planted trees have survived, highlighting the positive connection between the survival rate of newly planted trees and temperature and rainfall [23]. Furthermore, this environmental change has had a profound impact on the biodiversity of ecosystems [24].



The diversity of plant species can influence tree survival in biotic environments. The risk of tree mortality due to density-constraining effects decreases as plant species diversity increases, which can promote tree survival [25]. However, it has also been observed that increased species diversity enhances stand productivity while simultaneously intensifying competition for resources among trees, thereby inhibiting tree survival [26]. In restoration sites, tree diversity and richness progressively increase as the stand ages [27]. For instance, researchers have concluded that the biodiversity of planted forests grows over time, indicating that species capable of thriving in diverse mixed stands have a higher likelihood of survival [28]. The reclaimed lands of the Pingshuo mine are undergoing a self-sustaining succession process. For example, it was observed that the abundance of Robinia pseudoacacia (R. pseudoacacia) decreased over time in the forests where it was present, while the number of Ulmus pumila (U. pumila) trees increased. On the other hand, other tree species like Pinus tabuliformis (P. tabuliformis) thrived in many early trials due to their ability to counteract unfavorable environmental factors [29], including the positive effect of interplanting on species survival. Different species exhibit different responses, leading to a “buffer effect” in various forests under environmental disturbances, where few individuals are at risk of dying simultaneously. The higher performance of each species under certain environmental conditions contributes to the “performance-enhancing effect” and leads to higher average community performance [30]. Mixed-species forests may fare better in the absence of environmental disruption, primarily due to lower interspecific rivalry compared to intraspecific competition, known as the “complementarity effect,” which arises from trees occupying complementary niches [31]. However, few studies, particularly in plantations, have investigated the impact of species diversity on species survival.



Long-term monitoring in restoration initiatives has encountered significant challenges and remains inadequately developed in many cases. The lack of clarity in restoration goals further complicates the monitoring process [32]. Similarly, overly simplistic targets can yield information of limited utility, mirroring the findings from monitoring efforts [33]. While there has been a growing focus on studying changes in vegetation survival and mortality via NDVI analysis in recent years [34], the specific causes of vegetation mortality still remain unknown. To address the aforementioned research gap, we conducted an investigation using a long-term dataset from artificially guided plantings in the land reclamation area of the China Coal Pingshuo mine. We examined the survival rates of four major restored tree species across three time series in fixed monitoring sample plots and compared various traits, including diversity, age, and soil characteristics, between two different sites.



Based on the above introduction (Figure 1), we formulated the following hypotheses: (1) species composition can influence survival probabilities; (2) species diversity facilitates tree development; (3) favorable soil nutrients and weather conditions enhance tree survival.




2. Materials and Methods


2.1. Study Sites


The study area is located at the fixed monitoring base in the south waste dump of China Coal Pingshuo Antaibao Mine in Pinglu District, Shuozhou City, Shanxi Province (Figure 2). The geographic coordinates of the area are 112°10′–113°30′ E and 39°23′–39°37′ N. The research region has a continental monsoon climate, characterized by dry, chilly, and low temperatures. The average annual temperature ranges from 5.4 to 13.8 °C. The annual precipitation in the area varies greatly, ranging from 345.3 to 682.2 mm. The zonal soils in this region are in the transition zone between chestnut-calcium soils and chestnut-calcium brown soils. Drought-tolerant plants such as Stipa bungcana (Perennial herbaceous plants of the genus Stipa in the Poaceae family), Stipa krylovii (Perennial herbaceous plants of the genus Stipa in the Poaceae family), Agropyron cristatum (Perennial herbaceous plants of the Gramineae family and the Ice Grass genus), Thymus mongolicus (Small semi shrubs of the genus Thyme in the family Labiatae), and Lespedeza davurica (Leguminous shrubs of the genus Lespedeza) are widely distributed in the area. Land reclamation efforts began in 1993, and in 2010, a permanent fixed monitoring base was established; monitoring is conducted every five years [35].




2.2. Sample Plot Setting


The vegetation suffered severe damage following mining activities (Figure S1A,B). We established two plots for our study: a flat plot measuring 1 hm2 (100 × 100 m), where a mixed forest of R. pseudoacacia, U. pumila, and Ailanthus altissima (A. altissima) was planted, and a sloping plot measuring 0.8 hm2 (100 × 80 m), where a mixed forest of R. pseudoacacia and P. tabuliformis was planted (Figure S1C,D). The specific planting patterns for these plots are presented in Table S2. To evaluate species survival, we analyzed three time series: 1993–2010, 1993–2015, and 1993–2020. These periods correspond to 17, 22, and 27 years of vegetation recovery, respectively. We calculated the conditional probability of survival, which represents the number of trees alive at the end of the interval divided by the number of individuals alive at the beginning of the interval. Additionally, each sample plot was further divided into 100 smaller sample squares for the 1 hm2 plots and 80 smaller sample squares for the 0.8 hm2 plots. Our study encompassed a total of 180 plots measuring 10 m × 10 m, and Table S1 provides the number of surviving species for each plot. We assessed the survival rate of the trees within each sample plot and compared the results between the two plots.




2.3. Sample Plot Survey


After mining operations, the soil in the study region experienced significant degradation (Figure S2). The majority of the excavated soil was deposited into a dumpsite. The soil used for paving purposes consisted primarily of loess, occasionally mixed with a small amount of coal gangue and gravel. The soil texture generally ranged from sandy loam to loam. The loess parent material in plots I and II directly covered the ground surface to a thickness of approximately 1 m [36].



To divide the sampled region, nine grids measuring 30 × 30 m were utilized, with each grid node serving as a reference point for sampling. Subsequently, two locations were randomly chosen within each of the eight directions from each reference point, at distances of 2 m, 5 m, or 15 m, for additional sampling. Thus, a total of 84 soil-sampling points were included in this study (Figure S3). The pH, organic carbon (SOC), total nitrogen (TN), available phosphorus (AP), and available potassium (AK) of the soil were analyzed in this study [37]. The 84 soil-sampling data points from the two sample plots were interpolated separately. Using the kriging method, the five soil factors from the 84 points were interpolated into each 10 m × 10 m small sample square. Each small sample square represented a soil-sampling value.



The temperature and precipitation data for the Pinglu District, Shuozhou City, Shanxi Province, were obtained from the China Meteorological Data Service Centre (https://data.cma.cn(accessed on 12 December 2022)) and used in the analysis of this study.




2.4. Statistical Analysis


Three diversity metrics are commonly employed in the extensive body of literature on ecological diversity. While the species richness metric calculates the number of species, it does not consider species frequency. In order to address this limitation, the Shannon Diversity Index was developed as an information theory tool, initially used as an indicator of entropy. Previously, the Simpson Index of Ecological Diversity was used to assess ecological disparity. These three indices belong to the same family of one-parameter diversity indices and exhibit close interconnections (Table 1) [38].


  Margalef’s   index   ( M ) :   M = ( S − 1 ) / I n N  



(1)
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In this paper, the Pearson correlation coefficient is used to study whether there is correlation between variables, and the data conforms to normal distribution. Structural equation modeling (SEM) is a statistical approach utilized in ecology to elucidate intricate interactions. It offers a hypothesis-based framework for investigating the structural connections between variables [39]. Within this framework, latent variables are formed by observed variables, leading to a hierarchical model structure and providing a robust means of representing comprehensive hypotheses in ecology [40]. In our study, SEM was implemented using the ‘lavaan’ R package [41].



All analyses were conducted using R 4.2.3 and SPSS 20.0.





3. Results


3.1. Survival Tends to Decrease with Stand Age and Diversity (H1)


As can be seen from Table 2, the total species survival rate in Sample Site I (R. pseudoacacia–P. tabuliformis) was 100%, 58.66%, 57.23%, and 57.01%, the total species survival rate decreased with the increase in forest age and diversity, and the species survival rate decreased seriously before the establishment of the fixed monitoring base (before 2010), and then stabilized; the total species survival rate in Sample Site II (R. pseudoacacia–U. pumila–A. altissima) was 100%, 33.02%, 31.73%, and 47%, and the total species survival rate decreased at the 17th and 22nd year, and increased at the 27th year, while the diversity was the opposite of the total survival rate (Table 3).




3.2. Different Species Show Differential Survival Responses to Diversity and with Stand Age (H2)


The survival rates of various species at different stand ages were significantly associated with species diversity at site I (Table 4, Figure S4). However, P. tabuliformis exhibited a positive correlation with diversity, while R. pseudoacacia showed a negative correlation. This indicated that, although species’ survival responses to diversity varied within the group, they remained consistent over time.



The association between acacia survival and species diversity exhibited changes as the stand age increased at Site II (Table 5, Figure S5). U. pumila and A. altissima did not show any significant alterations; U. pumila remained negatively correlated, while A. altissima remained positively correlated. Initially, R. pseudoacacia displayed a negative correlation with species diversity, but this relationship turned positive at year 27.




3.3. Different Survival Responses of Species to Diversity Always Depend on the Soil (H3)


We observed that, while there were both positive and negative associations between species of different stand ages and diversity, only negative correlations were detected in terms of overall survival (Table 6 and Table 7, Figures S6 and S7).



The soil indicators did not adequately explain the variation in species survival. The concentration of certain soil indicators in sample I significantly affected survival at years 17 and 22 (Table 6, Figure S6). In sample II, there was only an effect on survival at year 17 (Table 7, Figure S7). Furthermore, there is no correlation between soil indicators and diversity, suggesting that the previous notion of changes in species diversity response being influenced by changes in the nutrient composition of their soils is not valid (Table 7, Figure S7). The analysis of climate variables revealed that neither temperature nor precipitation had any impact on survival.



Based on the correlation analysis results, we found no positive influence of diversity on species survival. To further investigate this, we conducted another analysis using SEM, including all variables from both sample locations in the model, which was validated for the years 2010, 2015, and 2020.



The data regarding the effects of diversity, climate, and soil on species survival have been effectively analyzed using route analysis, as illustrated in the figure. In Figure 3, the path coefficient demonstrates that, between 2010 and 2015, there is an increase in the positive influence of soil on species diversity, as well as a rise in the negative impact of species diversity on survival rate. However, by 2020, the negative impact of species diversity on survival rate decreased, while the negative impact of soil on species diversity increased. This data highlights two key findings: firstly, species diversity consistently has a negative effect on species survival, regardless of changes in the coefficient intensity; and secondly, soil influences the intensity of the impact of species diversity on survival by affecting species diversity. Moving on to Site II (Figure 4), it can be observed that the impact of soil on species diversity also shifted from positive to negative with greater intensity between 2010 and 2015, as indicated by the path coefficient. Similarly, the impact of species diversity on survival rate changed from positive to negative with the same intensity. By 2020, species diversity was found to have a negative impact on species survival, mirroring the findings from Site I. Additionally, soil can change the intensity of the impact of species diversity on survival by influencing species diversity, as evident from the decrease in negative impact of species diversity on survival rate and the increase in negative impact of soil on species diversity.



Overall, the initial analysis indicated that only a small portion of the soil indicator content had an impact on species survival, and over time, neither soil, temperature, nor precipitation had a significant influence on it (Figure 5).





4. Discussion


The levels of diversity in the two sample plots fluctuated over time, indicating variations in species composition and survival rates. Our results support our initial prediction that diversity increases with stand age. However, while the survival rate of sample plot I is stabilizing, the survival rate of sample plot II exhibits fluctuations. This discrepancy may be attributed to the selection of species combinations during the restoration process, which can impact natural regeneration [42]. Another possibility is that the species assemblages in sample plot II have not yet demonstrated steady survival rates, possibly due to the relatively short 27-year time series. The significant reduction in early survival in both sample plots can be attributed to high early mortality resulting from significant density-dependent mortality and self-thinning due to intraspecific competition [43]. The presence of high abundances of the same species drastically reduces the chance of survival, highlighting the stronger influence of intraspecific competition on plant survival compared to interspecific competition [44].



The survival response of different tree species to diversity and stand age exhibited significant variations, contrasting with the negative correlation between diversity and overall survival. While numerous studies have demonstrated the positive effects of species diversity on ecosystem functions in forest ecosystems [45], such as stand productivity and biomass, its effects on survival remain less clear. Initially, the effects are negligible [46], but over time, they may tend to hinder survival [26]. This finding does not support our second hypothesis that the responses to diversity change with stand age. Due to the young age of the previous stands, the inhibitory effect of species diversity on tree survival was not substantial. The detrimental effect of species variety on survival may be attributed to resource competition among trees in the stand. As tree diversity increases, the yearly expansion of the total cross-sectional area of trees in the stand leads to increased competition, limiting their survival [26,45]. Different correlations between interspecific and intraspecific competitive abilities may be related to how different species respond to diversity in terms of their survival chances. R. pseudoacacia is an early successional species and, as a result, it is being replaced by more shade-tolerant and competitive trees such as P. tabuliformis and U. pumila [47,48]. This is why R. pseudoacacia plantations significantly differ from natural forests in Europe in terms of their natural characteristics and cultural context. Additionally, the increase in slope and the decrease in species diversity lead to a negative correlation between topography and species diversity [49]. We also observed that although different species displayed different responses to species diversity, the overall survival rates showed a consistent negative correlation, which can be attributed to the presence of dominant species at various stand ages. Dominant species are numerically abundant species within a community that alter the community’s functioning via their numerical superiority, thereby affecting one or more other species within the community and altering the overall function of the community as a whole [50]. In competition, dominant species typically benefit from mixed stands, while subdominant species may benefit from monoculture [51].



Our third hypothesis posits that the differential survival response to diversity can be attributed to variations in soil nutrients and climate change, as previously discussed. The influence of soil heterogeneity on plant species diversity relies on shifts in soil nutrients or soil pH [52,53,54]; it is generally observed that heterogeneity in soil nutrients does not typically promote plant species diversity [55], while heterogeneity in soil pH usually has a positive effect [56]. One possible explanation for this pattern is that heterogeneity in soil nutrient availability reduces plant species diversity, as species adapted to heterogeneous soils may outcompete other species, leading to a decline in diversity [57]. Another explanation could be that increased soil nutrients create an imbalance in interspecific competitiveness, resulting in a decline in community species diversity. However, the specific type of nutrient limitation in the study area also influences the relationship between nutrient availability and biodiversity [58]. In terrestrial environments, particularly Chinese forests, nitrogen and phosphorus are the primary limiting elements for plant growth [59]. Nitrogen-fixing species tend to have an advantage over other species in the early stages of succession due to their ability to acquire nitrogen from the atmosphere, thereby increasing the availability of both nitrogen and phosphorus. However, during the middle stages of succession, soil phosphorus starts to decline due to rapid plant growth [60,61], suggesting that soil pH and nutrient content have minimal influence on species survival during the later stages of succession. In contrast to the impact of soil on species survival, the response to climate change was found to be predictable. Changes in precipitation and temperature had negligible effects on species survival at both sample sites. This can be attributed to the fact that afforestation in China typically occurs in regions with precipitation levels that are close to the minimum requirement for species survival and expansion [62]. Denser stands may be less susceptible to drought mortality due to facilitative interactions between trees, which buffers against drought stress [63].



The interrelationships between stand age, stand diversity, and soil conditions affecting species survival necessitate a comprehensive investigation into changes in species survival within plantations on mining sites. Such an investigation is both vital and complex, as it contributes to the process of stand succession [64]. Furthermore, in certain stands, the reduction in intraspecific competition relative to interspecific competition may facilitate coexistence over time by yielding complementary effects [64], thereby maintaining the stand’s survival rate in a more stable state. Consequently, studying the impact of stand diversity on species survival presents an intriguing avenue of research.




5. Conclusions


We analyzed the effects of species diversity, soil, and climate factors on the survival of four major restoration species at 17, 22, and 27 years post-planting using a dataset from a long-term monitoring site in an opencast coal mine reclamation region. Our findings indicate that the survival rates of tree species in forests vary, suggesting the presence of synergistic or competitive interactions among different species that influence survival; this finding aligns with our previous research outcomes. Species diversity does not foster tree growth; rather, higher species diversity indexes correspond to lower tree survival rates due to the inhibitory effects of soil on species diversity. Additionally, our research results indicate that temperature and precipitation have no discernible impact on tree survival, possibly due to the limited observation period and the absence of significant climate fluctuations. In future research, longer time series and detailed data will be necessary to quantify the effects of various factors on vegetation survival. Consequently, we will continue to manage restoration areas to enhance their role in biodiversity conservation while optimizing ecological processes. Furthermore, it is important to consider the multitude of biotic and abiotic variables collectively, as our findings from one location may not be applicable to all woodland areas.
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Figure 1. Conceptual diagram. Survival is calculated as the number surviving at the end of the interval divided by the number surviving at the start of the interval (usually expressed as a percentage and then referred to as survival probability rather than survival rate). H: Overall, stand diversity can improve tree survival. However, H1: The effects of stand diversity on survival vary with stand age. H2: Different species survival may have different responses to diversity and these may change with stand age (R and U are two example species, R indicates R. pseudoacacia, U indicates U. pumila). H3: The different responses of survival to diversity may depend on soil nutrient conditions. In addition, climatic conditions may also influence its variation. 
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Figure 2. Location map of the study area. The green line designates the study area, and the red line delineates the mine border. 
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Figure 3. Sample site I structural equation model showing latent variables (circles) and observed variables (squares) and their relationships. Path coefficients describe the sign and strength of the links between variables (red represents negative relationships, green represents positive relationships). All path coefficients are statistically significant (p-value < 0.05). 
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Figure 4. Sample site II structural equation model showing latent variables (circles) and observed variables (squares) and their relationships. Path coefficients describe the sign and strength of the links between variables (red represents negative relationships, green represents positive relationships). All path coefficients are statistically significant (p-value < 0.05). 
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Figure 5. Result diagram. The response of species survival to different impact factors in two sample sites. R indicates R. pseudoacacia, U indicates U. pumila, A indicates A. altissima, P indicates P. tabuliformis. 
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Table 1. Formula legend.
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	Index
	Parameter Interpretation





	S
	the total number of species



	N
	the total number of individuals of each species



	InN
	the natural logarithm of individuals



	pi
	the proportion of individuals of the ith species to all individuals










 





Table 2. Total Survival and Diversity Index (Site I).
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	Stand Age/Year
	Total Survival Rate/%
	M
	D
	H’





	0
	100
	0.300
	1.237
	0.340



	17
	58.66
	0.412
	1.584
	0.711



	22
	57.23
	0.551
	1.812
	0.794



	27
	57.01
	0.631
	2.245
	0.913







M indicates Margalef’s index, D indicates Simpson’s index, H’ indicates Shannon-Wiener index.













 





Table 3. Total Survival and Diversity Index (Site II).
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	Stand Age/Year
	Total Survival Rate/%
	M
	D
	H’





	0
	100
	0.435
	3.000
	1.099



	17
	33.02
	0.988
	2.393
	0.988



	22
	31.73
	0.993
	2.673
	1.054



	27
	47
	0.592
	1.784
	0.756







M indicates Margalef’s index, D indicates Simpson’s index, H’ indicates Shannon-Wiener index.













 





Table 4. Correlation of species survival and diversity (Site I).
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Survival Rate

	
Stand Age/Year

	
M

	
D

	
H’






	
R

	
17

	
−0.508 **

	
−0.507 **

	
−0.573 **




	
P

	
0.598 **

	
0.609 **

	
0.701 **




	
Total

	
−0.349 **

	
−0.345 **

	
−0.385 **




	
R

	
22

	
−0.421 **

	
−0.473 **

	
−0.517 **




	
P

	
0.584 **

	
0.729 **

	
0.727 **




	
Total

	
−0.263 *

	
−0.272 *

	
−0.320 **




	
R

	
27

	
−0.531 **

	
−0.438 **

	
−0.540 **




	
P

	
0.786 **

	
0.686 **

	
0.796 **




	
Total

	
−0.311 **

	
−0.243 *

	
−0.319 **








**, significantly correlated at the 0.01 level. *, significantly correlated at the 0.05 level. R indicates R. pseudoacacia, P indicates P. tabuliformis, M indicates Margalef’s index, D indicates Simpson’s index, H’ indicates Shannon-Wiener index.













 





Table 5. Correlation of species survival and diversity (Site II).
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Survival Rate

	
Stand Age/Year

	
M

	
D

	
H’






	
R

	
17

	
−0.333 **

	
−0.504 **

	
−0.427 **




	
U

	
−0.229 *

	
0.149

	
0.158




	
A

	
0.171

	
0.621 **

	
0.618 **




	
Total

	
−0.364 **

	
0.002

	
0.059




	
R

	
22

	
−0.125

	
−0.125

	
0.009




	
U

	
−0.298 **

	
−0.317 **

	
−0.311 **




	
A

	
0.038

	
0.575 **

	
0.584 **




	
Total

	
−0.355 **

	
−0.214 *

	
−0.133




	
R

	
27

	
−0.068

	
0.442 **

	
0.433 **




	
U

	
−0.310 **

	
−0.638 **

	
−0.609 **




	
A

	
0.258 **

	
0.539 **

	
0.567 **




	
Total

	
−0.301 **

	
−0.469 **

	
−0.437 **








**, significantly correlated at the 0.01 level. *, significantly correlated at the 0.05 level. R indicates R. pseudoacacia, U indicates U. pumila, A indicates A. altissima. M indicates Margalef’s index, D indicates Simpson’s index, H’ indicates Shannon-Wiener index.













 





Table 6. Correlation of total survival rate with soil and climate (Site I).
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Site I

	
Stand Age/Year

	
pH

	
SOC

(g/kg)

	
TN

(g/kg)

	
AP

(mg/kg)

	
AK

(mg/kg)

	
T

	
P






	
Total survival

	
17

	
−0.020

	
−0.261 *

	
−0.244 *

	
0.285 *

	
0.278 *

	
−0.143

	
−0.024




	
Total survival

	
22

	
0.372 **

	
−0.235 *

	
−0.143

	
0.022

	
−0.257 *

	
0.034

	
−0.074




	
Total survival

	
27

	
0.039

	
0.134

	
0.117

	
−0.039

	
0.014

	
−0.218

	
−0.217




	
M

	
17

	
0.023

	
−0.087

	
−0.092

	
−0.111

	
−0.028

	
0.018

	
0.044




	
D

	
0.080

	
−0.097

	
−0.105

	
−0.039

	
−0.042

	
0.045

	
0.006




	
H’

	
0.053

	
−0.102

	
−0.110

	
−0.112

	
−0.009

	
0.005

	
−0.016




	
M

	
22

	
−0.095

	
0.109

	
−0.009

	
−0.177

	
0.092

	
0.169

	
0.023




	
D

	
−0.095

	
0.103

	
−0.065

	
−0.153

	
0.065

	
0.052

	
−0.024




	
H’

	
−0.070

	
0.105

	
−0.058

	
−0.142

	
0.105

	
0.048

	
−0.047




	
M

	
27

	
0.045

	
−0.191

	
−0.104

	
0.164

	
−0.136

	
0.021

	
0.058




	
D

	
−0.026

	
−0.020

	
0.069

	
0.181

	
−0.036

	
−0.011

	
0.021




	
H’

	
−0.020

	
−0.077

	
0.027

	
0.147

	
−0.080

	
0.014

	
0.029








** and * indicate statistically significant correlations at the 0.01 and 0.05 levels, respectively; the absence of * indicates irrelevance. M indicates Margalef’s index, D indicates Simpson’s index, H’ indicates Shannon-Wiener index.













 





Table 7. Correlation of total survival rate with soil and climate (Site II).
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Site II

	
Stand Age/Year

	
pH

	
SOC

(g/kg)

	
TN

(g/kg)

	
AP

(mg/kg)

	
AK

(mg/kg)

	
T

	
P






	
Total survival

	
17

	
0.212 *

	
−0.246 *

	
−0.230 *

	
0.035

	
−0.009

	
0.246

	
−0.329




	
Total survival

	
22

	
0.125

	
0.057

	
−0.100

	
−0.130

	
0.081

	
0.029

	
−0.277




	
Total survival

	
27

	
0.228 *

	
−0.024

	
−0.033

	
−0.075

	
−0.061

	
−0.212

	
0.224




	
M

	
17

	
−0.154

	
0.068

	
0.061

	
−0.019

	
0.023

	
0.056

	
0.109




	
D

	
0.056

	
−0.115

	
−0.124

	
−0.141

	
0.060

	
0.070

	
0.036




	
H’

	
0.091

	
−0.070

	
−0.074

	
−0.116

	
0.094

	
0.108

	
0.085




	
M

	
22

	
−0.111

	
−0.152

	
−0.071

	
0.117

	
−0.159

	
0.052

	
0.223 *




	
D

	
−0.039

	
−0.255 *

	
−0.237 *

	
0.117

	
−0.174

	
0.121

	
0.160




	
H’

	
−0.019

	
−0.280 **

	
−0.268 **

	
0.104

	
−0.179

	
0.139

	
0.189




	
M

	
27

	
−0.187

	
−0.088

	
0.113

	
0.056

	
−0.102

	
0.106

	
−0.024




	
D

	
−0.187

	
−0.048

	
−0.036

	
−0.253*

	
0.012

	
0.086

	
0.168




	
H’

	
−0.182

	
−0.062

	
−0.019

	
−0.225 *

	
−0.021

	
0.087

	
0.142








** and * indicate statistically significant correlations at the 0.01 and 0.05 levels, respectively; the absence of * indicates irrelevance. M indicates