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The mining of mineral resources has caused serious damage to the ecosystems of mining areas, resulting in the degradation of large areas of vegetation. In the Loess Plateau in particular, the ecological environment is fragile, and soil erosion is serious. It is urgent to restore vegetation and to improve the quality of the damaged environment. In the process of restoring the vegetation in the Pingshuo opencast mining area, this paper investigates the growth rates of species and the factors that affect these rates. The results showed that the maximum growth rate of Robinia pseudoacacia was 0.25 m/year in Mingled stand and 0.23 m/year in pure stand. The growth rate of R. pseudoacacia in Mingled stand was higher than that in pure stand, and the diversity indicators in the Mingled stand plots were higher than those in the pure stand plots. The stepwise regression analysis of the species diversity index, soil, and climate with the growth rate of the two plots showed that Margalef’s richness index had a significant effect on the growth rate of R. pseudoacacia in Mingled stands. This indicates that the R. pseudoacacia in our study area grows faster in mingled stand and that the Ulmus pumila and Ailanthus altissima that belong to the broad-leaved forest will grow together with R. pseudoacacia. The configuration pattern of broad-leaved pure stand is more singular than that of broad-leaved mingled stand, so the pure stand is not more suitable for vegetation restoration in the mining area.
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1. Introduction

Mining is considered to be one of the most aggressive human disturbances in the world to date, and the exploitation of mineral resources can destroy natural ecosystems on a massive scale, making them irreversible, among them, severe land degradation can occur following open-pit mining activities, negatively affecting the vegetation and soil quality of natural ecosystems (Hou X. et al., 2019; Hou X. Y. et al., 2019). In addition, the coordinated relationship between coal mining and ecological protection is not dealt with in the mining process, this can also lead to severe vegetation degradation, as degradation alters the material cycle in the mining ecosystem (Fu et al., 2016). At present, the restoration of open-pit mines mainly includes land reclamation (Yuan et al., 2022), ecotourism (Ashok et al., 2022), and vegetation restoration (Hui et al., 2021), among which vegetation restoration is a cost-effective and prospective green technology for the restoration of contaminated sites (Han et al., 2021). The Pingshuo open-pit mining area was one of the early adopters of vegetation restoration, and the vegetation that has been restored over the years has improved significantly (Liu et al., 2016).

Vegetation growth cannot be achieved without the influence of climate change, which is an important driving factor for vegetation change and provides the heat and moisture needed for vegetation growth (Li et al., 2019). Vegetation growth in an arid and semi-arid region, is very sensitive to changes in precipitation, and vegetation coverage improves significantly as annual precipitation increases (Zhang et al., 2012). Studies have shown that in some areas of the Loess Plateau, vegetation growth is positively affected when the average annual temperature is higher than 8°C and negatively affected when the temperature is lower than 8°C (Sun et al., 2015). Additionally, a contributing element to plant development in recent decades has been the Loess Plateau’s rising temperatures, which has extended the growing season of vegetation (Zhao et al., 2017; Ma et al., 2019).

In addition to climate change, soil conditions are one of the driving factors affecting vegetation growth. Mining areas are generally located harsh environments with low a nutrient content, and this inhibits vegetation growth (Ahirwal et al., 2017). Moreover, the success of vegetation restoration is highly dependent on the organic matter, available phosphorus, available potassium, and total nitrogen content of the soil (Noumi, 2015), because soil organic matter, the available potassium, and total nitrogen have significant effects on the growth and development of vegetation under vegetation growth and development conditions (An et al., 2014). Furthermore, nitrogen and phosphorus play an important role in plant growth and development, influencing the interaction between plant nitrogen and phosphorus and regulating plant growth with each other. Therefore, it is important to determine how soil parameters affect vegetation growth in the process of vegetation restoration (Stoorvogel et al., 2017).

In arid and semi-arid regions, species diversity has had a positive impact on soil protection and plant community stability, especially in the midst of climate change in recent decades (Alarcón et al., 2018). The China Coal Pingshuo open-pit coal mine is a typical area in the Loess Plateau region of China in which the ecosystem has been destroyed, and favorable modes of vegetation restoration include planting trees, shrubs, and grasses. Robinia pseudoacacia was first planted for vegetation restoration in the Loess Plateau region in the 1950s (Jiao et al., 2012). In general, the R. pseudoacacia grows very rapidly because they can photosynthesize more and use resources more efficiently, so they may affect coexisting native species (Fu et al., 2016). However, it has also been shown that while strong competitiveness allows R. pseudoacacia to suppress the growth of native species, it is also thought to benefit the growth of neighboring plants and achieve symbiosis due to its nitrogen fixation capacity (Von Holle et al., 2005; Hellmann et al., 2011).

However, many of the current studies on ecological restoration in mining areas are conducted in the short term, without long-term observation and monitoring, and there are few studies on the changes in vegetation and the impact on the environment, so it is essential that the impact of mining activities on the ecosystem in mining areas be studied in a long-term and dynamic manner and that the process and patterns of ecological restoration be scientifically assessed via long-term monitoring (Dong et al., 2019). The establishment of economically viable permanent vegetation coverage on abandoned soil from mines through reclamation or ecological restoration is an important solution (Dutta and Agrawal, 2003). The long-term positioning and monitoring of the ecological restoration effect of the site vegetation are of great practical significance to solve the current problem of the ecological reconstruction of the damaged land in the mine. Moreover, the dynamic changes in vegetation are influenced by various biotic and abiotic factors, so it is especially important to follow up on the vegetation at each stage of the ecological restoration process of the mine site through long-term positioning monitoring, especially from the early stage of reclamation, and to apply ecological principles for scientific plant allocation and process management to artificially induce positive plant community succession. So we have established a permanent fixed monitoring sample site within the Pingshuo open-pit coal mine dumps to monitor changes in various indicators such as vegetation and soil since the land reclamation process began. The primary issue mentioned in this study is the maximum growth rate and time required to achieve the maximum growth rate of R. pseudoacacia under various vegetation configuration modes as well as the factors that influence the maximum growth rate of R. pseudoacacia. To determine the final influencing factors, soil, species diversity, temperature, and precipitation are analyzed. In this paper, two sample plots with different configuration patterns, a R. pseudoacacia–Ulmus pumila (U. pumila)–Ailanthus altissima (A. altissima) broadleaf Mingled stand and a R. pseudoacacia broadleaf pure stand, were selected from the dumping site of the Pingshuo open-pit coal mine reclamation area. Our hypothesis is that soil and climate factors as well as diversity will jointly affect the growth of R. pseudoacacia in plantations.



2. Materials and methods


2.1. Study sites

The Pingshuo mine is located along the border area between Jin, Shaanxi, and Mongolia on the Loess Plateau, in the northern part of Shanxi Province, in the Pinglu District of Shuozhou City, with the geographical coordinates of 112°10′–113°30′ East and 39°23′–39°37′ North (Figure 1). The mine is located in the northern part of the Ningwu coalfield and is bounded on the east, west, and north by coal seam outcrops and on the south by the Danshuigou fault, which spans 21 km from north to south and is 22 km wide from east to west, covering an area of 380 km2, with a geological reserve of 12.75 billion tons. The area where the Antaibao open-pit coal mine is located belongs to the low hills of the Loess Plateau in Shanxi, and the whole area is mostly covered by loess. The loess plateau in the area was once subject to strong erosion and cutting. Coupled with the sparse vegetation in the area, the terrain is variable from the highlands to the river valley, with large changes in height. The highest point is 1,505.72 m, the lowest point is 1,270 m, and the relative height difference is 235.72 m. The continental monsoon climate in the mining area is extremely typical, with cool summers, strong winds in spring and winter, severe sand, and dry and cold weather as its characteristics. The temperature is generally low, characterized by a large annual temperature difference and daily temperature difference, with an average annual temperature of 5.4–13.8°C. The longest sunshine period in the mining area is 2,883.1 h, the shortest annual period is 2,444.5 h, and the average is 2,693.3 h. The annual precipitation distribution is extremely uneven, and the intensity of heavy rainfall is high. The annual rainfall is 345.3–682.2 mm. Due to the long history of development and the high reclamation index, natural secondary forests have been destroyed, and large grassland communities are rarely seen but are scattered and have low vegetation cover, so the current agricultural landscape is generally appropriate for farming. The zone soil in this area is the transition zone of chestnut soil and chestnut cinnamon soil. Drought-tolerant plants such as Stipa bungcana, Stipa krylovii, Agropyron cristatum, Thymus mongolicus, and Lespedeza davurica are widely distributed in the area. The main zone soil is chestnut soil, which is distributed in alluvial plain. Most of the weathering products are granite and gneiss. Thus, the physical weathering of the soil is strong. The soil is sandy, arid, well-ventilated (Zhao et al., 2018).
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FIGURE 1
Location map of the study area.


The south dump site of the Antaibao open-pit coal mine started land reclamation in 1993, with an early reclamation time, various configuration patterns, and significant reclamation effects. Together, these factors have formed a biodiversity-rich vegetation restoration area that basically covers the original bare surface of the dump site, with vegetation cover reaching over 90%. For this reason, a fixed monitoring sample site was set up in the south dump site of the Antaibao open-pit coal mine.



2.2. Vegetation survey and analysis

The study area is located within the south dump of the Antaibao open-pit mine in the Pingshuo mining area. The height of R. pseudoacacia seedlings was uniformly 0.3 m when reclamation began in 1993. The vegetation had been severely damaged after mining (Figures 2A, B). Additionally, the sample site was constructed in 2010, and all vegetation in the sample site was surveyed in both 2015 and 2020. We selected two plots of 1 hm2 (100 × 100 m) of flat land, one of which was a mingled R. pseudoacacia–U. pumila–A. altissima broadleaf forest and the other with a pure R. pseudoacacia broadleaf forest (Figures 2C, D), with the same planting density in both plots (Table 1). We selected R. pseudoacacia species that were still alive in 2020 and over 1.3 m in height and selected the same species in 2010 and 2015 according to the tree number of each surviving R. pseudoacacia. Other species were also counted (Table 2). Additionally, we divided the 1 hm2 plots into 100 quadrats of 10 m × 10 m (Figure 3), the maximum growth rate of all R. pseudoacacia within each 10 m × 10 m sample plot was calculated, and the two plots were compared. The height of the trees was measured using altimetry poles, and both plots were 1 hm2, that is, each plot was 100 m × 100 m.
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FIGURE 2
Vegetation types before and after restoration. (A) Original vegetation; (B) damaged vegetation; (C) mingled stand; (D) pure stand.



TABLE 1    Summary of restoration patterns by sample site.
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TABLE 2    Number of main tree species in the plot.
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FIGURE 3
Sample division and working order diagram. The left figure shows the schematic diagram of sample number, 0 is the origin, each small square is 10 m × 10 m, and the total is 100 m × 100 m. The right figure shows the schematic diagram of work order for each 10 m × 10 m sample.


To evaluate species variety, measures like the Pielou evenness index and the Patrick richness index are frequently utilized. The diversity index is determined by the number of species in a sample of a specific size according to the Margalef richness index, which also takes into account the total number of members in the community. The Simpson Ecological Diversity Index has been used previously to evaluate economic inequality. The Shannon (or Shannon Weiner) diversity index was originally a measure of entropy, which was then used in information theory. In this manuscript, the species diversity in the two sample sites surveyed was calculated as follows (Song, 2004):
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S is the total number of species, N is the total number of individuals of each species, InS is the natural logarithm of species, InN is the natural logarithm of individuals, and pi denotes the proportion of individuals of the ith species to all individuals.



2.3. Soil sampling and analysis

The soil in the study area was severely damaged after mining (Figure 4). This manuscript refers to the CTFS (Center for Tropical Forest Science) soil sampling plan and the actual situation of the study area, the sample area was divided into nine 30 m ×30 m grids, and the node of each grid was used as a reference point for sampling. Then one of the eight directions from each reference point was randomly selected, and two places within this direction were randomly selected at 2, 5, or 15 m for additional sampling. Thus, a total of 96 sampling points were set up in this study (Figure 5).
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FIGURE 4
Soil comparison before and after mining. (A) Original soil; (B) damaged soil.
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FIGURE 5
Spatial distribution of soil sampling. (A) Mingled stand; (B) pure stand.


Three soil samples at depths of 0–10 cm (auger diameter of 5 cm) were collected with a soil auger at a distance of 20 cm around the sampling points designed above, and these three soil samples were mingled and used as samples (500 g each) for that sampling point. The obtained soil samples are dried in an oven at 105°C for 48 h before testing, and then stones larger than 2 mm were removed from the dried soil (using a 2 mm sieve). The soil indicators tested in this study included pH, soil organic matter (SOM), total nitrogen (TN), available phosphorus (AP), and available potassium (AK)(Shi et al., 2021). The 48 soil sampling data from the two sample plots were interpolated separately, and five soil factors from the 48 points were interpolated into each 10 m × 10 m small sample square using the kriging method, with soil sampling values for each 10 m × 10 m small sample square.



2.4. Meteorological data

The analysis in this paper uses temperature and precipitation data for Pinglu District, Shuozhou City, Shanxi Province, from the China Meteorological Data Service Centre.1



2.5. Statistical analysis

In this paper, we used a three-parameter logistic function to describe the growth dynamics across growing seasons, the “stats” and “deSolve” packages were employed for the growth rates (Paine et al., 2012). The data were processed and analyzed using SPSS 20.0, ANOVA was used to analyze the significance of differences in growth rates of different pairs of R. pseudoacacia, and the significance of differences test with Bonferroni (p < 0.05). Correlation analysis was done using the “corrplot” package in Matlab 2020. Stepwise regression was used to analyze the final influencing factors.




3. Results


3.1. Growth rate

In this manusript, the growth rates of R. pseudoacacia in the two sample plots were subjected to ANOVA to compare whether the results were significantly different.

According to the results of the ANOVA (Figure 6), the significance p < 0.01 indicates that there is a significant difference in the comparison between the two sample sites, and the means of the two groups are significantly unequal. The maximum growth rate of R. pseudoacacia was 0.25 m/year in the Mingled stand and 0.23 m/year in the pure stand. The maximum growth rate of R. pseudoacacia was higher in the Mingled stand sample than in the pure stand sample, and the maximum growth rate was reached earlier in the Mingled stand sample than in the pure stand sample, but the rapid growth of R. pseudoacacia in both samples ended in 2012 and 2014 (Table 3). The mine site studied in this paper was reclaimed in 1993, and the maximum growth rate was reached in 2006 and 2007, which means that R. pseudoacacia reached its maximum growth rate after 13 years in the Mingled stand and the rapid growth stage in years 7–19. In the pure stand, the maximum growth rate was reached in the 14th year and the rapid growth stage in years 8–21.
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FIGURE 6
Results of ANOVA. **p < 0.01. R is the maximum growth rate of R. pseudoacacia.



TABLE 3    Growth rate results of the two sample plots.
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3.2. Correlation

The diversity indices calculated in this manuscript included all trees and shrubs in the sample plots, and five commonly used diversity indices were selected for each species in the two sample plots that were surveyed.

In the main species diversity results (Figure 7), the Mingled stand sample plots contained the main three species, including R. pseudoacacia, U. pumila, and A. altissima, and the pure stand sample plots included R. pseudoacacia and U. pumila. The U. pumila in the pure stand sample plots were invasive species. In the total species diversity results (Figure 8), we combined all trees and shrubs in the two sample plots, with nine species in the Mingled stand sample plot and three species in the pure stand sample plot. It was evident that Margalef index (M), Simpson index (D), and Shannon–Wiener index (H’) increased as the Patrick index (S) increased, and the Pielou index (J) decreased as the Patrick index (S) increased in both sample plots, and all of the diversity indices within the Mingled stand sample plots were much higher than those in the pure stand sample plots.
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FIGURE 7
Major species diversity. The blue is the Mingled stand diversity index, and the red is the pure forest diversity index. It includes Patrick index, Margalef’s index, Simpson’s index, Shannon–Wiener index, Pielou’s index.
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FIGURE 8
Total species diversity. The blue is the Mingled stand diversity index, and the red is the pure forest diversity index. It includes Patrick index, Margalef’s index, Simpson’s index, Shannon–Wiener index, Pielou’s index.


We correlated the diversity indices, soil factors, and climatic data (temperature and precipitation) with the growth rates (Figures 9, 10) and found no correlation (p > 0.05) between the diversity indices and growth rates for all five species in the two sample plots. Species richness was significantly correlated with species diversity M, D, and H′ (p < 0.01) but not with evenness in Mingled stand samples, while species richness was significantly correlated with species diversity M, D, and H′ as well as evenness (p < 0.01) in pure stand samples, which also indicates that the increase in species affects the species evenness. All five soil factors in the Mingled stand sample were not correlated with R (p > 0.05), while in the pure stand sample, four of the soil factors (SOM, TN, AP, and AK) were not correlated with R (p > 0.05). However, soil pH and R were significantly correlated (p < 0.01), indicating that soil pH affects the growth rate of R. pseudoacacia in the pure stand sample. The results in Table 1 show the time range of rapid growth of R. pseudoacacia, and we used the average monthly temperature and precipitation in this range to analyze whether R was related to the temperature and precipitation in it. From the results, it can be seen that the growth rate of R. pseudoacacia was not correlated with temperature and precipitation in either the mingled or pure stands (p > 0.05).
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FIGURE 9
Correlation matrix between R. pseudoacacia growth rate and different properties in mingled stands. Blue color indicates positive correlation and red color indicates negative correlation. Precipitation (mm); Temperature (°C); pH; SOM (g/kg); TN (g/kg); AP (mg/kg); AK (mg/kg). The closer the graph is to a straight line (that is, closer to 1 or –1), the stronger the correlation.
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FIGURE 10
Correlation matrix between R. pseudoacacia growth rate and different properties in pure stands. Blue color indicates positive correlation and red color indicates negative correlation. Precipitation (mm); Temperature (°C); pH; SOM (g/kg); TN (g/kg); AP (mg/kg); AK (mg/kg). The closer the graph is to a straight line (that is, closer to 1 or –1), the stronger the correlation.




3.3. Influencing factors

Through correlation analysis we can see that only pH is significantly correlated with R. pseudoacacia in the pure stand. This is because correlation analysis only considers the relationship between the values of two variables. Stepwise regression is based on the consideration of multiple variables and controls for the effects of a variable after controlling for the other variables. Therefore, we took the five diversity indices calculated in each of the two sample plots, the five soil indicators after interpolation, and the temperature and precipitation data for the Pinglu district and performed stepwise regression analysis. The independent variable was the 12 indices, and the dependent variable was the growth rate of R. pseudoacacia. We analyzed which indices had significant effects on the growth rate of R. pseudoacacia in the two sample plots separately.

As seen in the results of the above analysis (Tables 4, 5), VIF < 10. The data are consistent with the assumptions of the multiple stepwise regression analysis, and there is no multicollinearity problem to be analyzed. Two models in the Mingled stand entered the final stage: the Margalef index of species diversity and nitrogen in the soil, with two-factor coefficients of p < 0.05. The two indicators explained 65.9% of the total indicators, indicating that the factors affecting the maximum growth rate of R. pseudoacacia within the Mingled stand sample plots were M and N, which together influenced the growth rate of R. pseudoacacia within the Mingled stand sample plots. Only one model in the pure stand entered the final stage, with a precipitation coefficient p < 0.05, and the precipitation index explained 61.8% of the total index, indicating that the only factor affecting the maximum growth rate of R. pseudoacacia within the pure stand sample site was precipitation.


TABLE 4    Model summary.
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TABLE 5    Coefficientsa.
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4. Discussion

The selection of artificially planted species in mining sites for vegetation restoration was done in this article. Since natural vegetation restoration takes decades or even centuries, artificial vegetation restoration is essential (Shoo et al., 2016). For artificially introduced plants, it is essential to select species that are well adapted to the local environment (Tordoff et al., 2000), including having characteristics that are well adapted to nutrient-poor soils, high biomass, and rapid growth, such as Populus alba var. pyramidalis and Astragalus adsurgens (Lei et al., 2016). R. pseudoacacia forests are an important part of China’s boreal broadleaf forests, in our results, R. pseudoacacia in both plots ended its growth peak about 20 years after planting, because they are a fast-growing species and will have a high growth peak before the age of 20 due to its fast growth characteristics (Nicolescu et al., 2020).

As a major factor in determining the duration of vegetation growing seasons, temperature has been confirmed by many studies (Zhou, 2003; Zhao et al., 2019). Our results did not find that temperature can affect the growth of R. pseudoacacia, which should be due to the fact that our study area is located in the Loess Plateau, the effect of precipitation in the growing season on vegetation growth is more important than that of temperature (Zhang et al., 2019), and the current afforestation in China often takes place where the rainfall is close to that of minimum of species survival and growth. We also found that despite the two plots receiving the same amount of precipitation, only the precipitation in the pure stand plot affected the growth rate of R. pseudoacacia. The data in this research do not entirely support the concept that climate can influence R. pseudoacacia growth, this is because the interspecific competition in mingled stand with complementary features is much lower than that in pure stand (Kelty, 2006). Another limitation was the fact that the point data (precipitation and temperature) was interpolated, which may cause errors (Bier and de Souza, 2017).

In addition to climate, the impact of soil on vegetation restoration cannot be ignored (Liu et al., 2018). Our results found that the nitrogen in the soil of Mingled stand plots limited the growth of R. pseudoacacia and affected the growth rate of R. pseudoacacia, this is because Nitrogen is an essential nutrient for plants in soil and a key element for the growth of most forest plants (Laliberté et al., 2012). Some scholars also believe that phosphorus is one of the key substances required for plant growth and metabolism (Wagh and Sayyed, 2013), and adequate potassium also allows rapid plant growth. However, only nitrogen was found to affect the growth of R. pseudoacacia in our results, and this usually due to soil organic matter-related nutrient deficiencies (Ussiri and Lal, 2005), this may also be due to increased inter-species diversity and changes in precipitation reducing the content between the P and K available in the soil for species growth.

In this study, one of the two sample plots was a mingled forest and the other was a pure forest, although the invasive species U. pumila was found in the pure forest sample plots, the number was sparse and insufficient to affect the growth and development of R. pseudoacacia. The U. pumila is also a light-loving species, dependent on light, drought, and infertile, and grows very quickly (Zhao et al., 2012), it is also very adaptable to different climates. Research has shown that planting R. pseudoacacia mingled forests on the Loess Plateau, especially with a planting ratio of two R. pseudoacacia - one U. pumila (2R1U), can improve the water use efficiency of R. pseudoacacia, and the mingled forest of R. pseudoacacia and U. pumila can effectively improve photosynthetic capacity (Qin et al., 2016). Some studies prove that A. altissima and R. pseudoacacia can co-exist (Call and Nilsen, 2003). The above ratios were not planted in this study, but our results also suggest that R. pseudoacacia can grow synergistically with U. pumila and A. altissima. Moreover, we found that R. pseudoacacia grows faster in mingled forests than pure forests, which is due to the higher species diversity of mingled forests and the richer flora of mingled forests than pure forests, thus providing more abundant resources diversity. This suggests that interspecific competition with complementary characteristics is much lower than the intraspecific competition (Kelty, 2006). And under similar environmental conditions, R. pseudoacacia pure forests resulted in the loss of plant richness and changes in species composition. This is in line with the paper’s hypothesis that specific variety may have an impact on R. pseudoacacia growth.

Through the analysis of different vegetation configuration patterns of mine dumping sites, it is important to explore the optimal configuration pattern of vegetation construction in the process of mine vegetation restoration, which is important for mine vegetation restoration and ecological reconstruction. Population, as a basic biological level, is both the basic unit that constitutes a biome and the basic unit that makes up a species as well as the key level for studying the effects of vegetation restoration. The study of plant populations is of great importance in the study of all aspects of community ecology, such as dynamics, succession, diversity, and stability. Key species groups play a direct or indirect role in regulating the distribution and abundance of other species, determining the stability of vegetation restoration communities, species diversity, and the persistence or modification of many ecological processes. In this paper, we show that the growth rate of species cannot be related to any single factor but that it depends on the interaction of several factors through studying R. pseudoacacia populations in mine dump sites under different configuration patterns. Additionally, in the process, we found that a single type of tree configuration in artificial vegetation is not the best choice because in this case, the selected plants were more dependent on precipitation, resulting in the plant richness and diversity in these communities being lower.



5. Conclusion

In this paper, the growth rate of R. pseudoacacia and its influencing factors were analyzed in combination with species diversity, soil, climate, and other factors. The results showed that R. pseudoacacia grows faster in mingled broad-leaved forests because U. pumila and A. altissima will grow with R. pseudoacacia, while broad-leaved forests will complement the same species as broad-leaved forests. This is because species richness has a greater effect on the growth of R. pseudoacacia than other factors, and the increase in species can increase the growth rate of R. pseudoacacia. That is to say since species richness is the primary influencing factor in this study area, it can have a significant impact on the growth rate of R. pseudoacacia. It can be seen from the results that the rapid growth of the Mingled stand with R. pseudoacacia started in the seventh year. Therefore, planting 7-year-old R. pseudoacacia in the mining area directly to achieve restoration should be considered. Additionally, it is best to use a broad-leaved Mingled stand with species that can grow synergistically with each other. Therefore, the analysis of vegetation development in mine reclamation sites can provide a good reference for future reclamation actions. However, the research scope of this paper is limited. Only Mingled stand with R. pseudoacacia–U. pumila–A. altissima and pure R. pseudoacacia forest were analyzed. Other broad-leaved forests are not included, and the performance of R. pseudoacacia in mingled coniferous and broad-leaved forest is unknown. The research area in this paper is flat and has the same density. It is necessary to analyze and verify different site conditions and different planting densities.
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