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Abstract

:

Rural agricultural activity generates cropland, secondary vegetation and straggling primary forest and can modify the soil seed bank (SSB), potentially impacting the restoration of preferred species. The interaction between vegetation and seed banks during the recovery process is dependent on management practices and recovery pathways. This study was carried out in Guilin of southwest China to assess the variation in plant diversity and species composition of both aboveground and soil seed banks across three typical vegetation types with different human interventions: orchard, bamboo shrub and primary forest. The results show that there were significant differences in the species composition and diversity of aboveground vegetation and SSB, as well as in soil properties among three typical vegetation types. The primary forest had the highest aboveground species diversity, while the orchard had the highest species diversity and seed density of SSB. In addition, principal component analysis (PCA) and canonical correspondence analyses (CCAs) showed that the species composition and plant life forms of the three typical vegetation types were significantly influenced by soil properties. Based on these findings, the characteristics of aboveground vegetation and the soil seed bank and their correlations with soil properties are expected to drastically change with human intervention. These results imply that unsustainable land use has greatly impacted soil properties, and consequently, the aboveground vegetation and SSB. Nevertheless, vegetation will recover quickly after farming is abandoned. The successful restoration of fragmented ecosystems requires the addition of seeds and seedlings of target species, especially perennial woody plants from the relevant natural ecosystems, to accelerate succession from bamboo shrub to forest.
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1. Introduction


Southwest China is one of the largest continuous karsts in the world, and it is known for its unique landscapes and rich biodiversity. However, it has experienced rapid turnover within the past few decades due largely to intense human activity on the fragile karst ecosystems [1,2,3,4,5,6,7]. Farming leads to diverse land use patterns, with a range of specific types, such as farmlands, orchards, natural vegetation, and other, more complex landscapes. The 20th century intensification in grain and fruit production through agriculture resulted in severe vegetation cover loss and soil erosion. This unsustainable land use in the karst ecosystem could cause a catastrophic impact on ecosystem function and, therefore, the ecosystem may not recover on timescales relevant to land management decisions.



Since the end of the 1990s, the Chinese government at various levels has initiated ecological engineering projects to mitigate desertification and restore ecosystem services [1,8]. The karst environment has remarkably improved in the past 20 years [3]. Vegetation is one of the most important components in the karst ecosystem, and it has changed greatly over the years. Nowadays, orchards, secondary vegetation and a low percentage of primary forest are the three typical vegetation types in most karst areas. After 20 years of recovery, abandoned orchards were replaced by secondary vegetation, which was dominated by bamboo shrubs. However, it may take decades or centuries for a site to return to a state similar to primary forest, even if it is abandoned without any human disturbance. Ecologists have paid increasing attention to evaluating the improvement in the ecosystem services of karst degradation areas, mainly by remote sensing technology [3,9,10,11,12]. However, the changes in soil properties and vegetation variation in the process of vegetation restoration remain unclear.



As two major components of terrestrial ecosystems, vegetation and soil are strongly interlinked. Successional changes in vegetation are usually associated with the physical, chemical and biological alteration of soil properties. The effects of vegetation recovery on soil nutrients are still poorly understood and contradictory results have been reported in different studies [13]. This may be due to different management practices or recovery pathways. The usage of chemical fertilizers, pesticides, herbicides, and hormones in croplands has changed the physical, chemical and biological properties of soil [14]. The recovery of vegetation community structure may encourage the restoration of soil function after eliminating external interference [9]. Understanding how vegetation and soil properties are correlated and how their relationship develops in the process of vegetation restoration is key for effective forest restoration and management.



Soil seed banks (SSBs) play a key role in the post-disturbance recruitment of plant species. It provides a memory of past vegetation and an indication of the likely composition of future vegetation [15,16]. In addition, it has been suggested that SSBs could be one of the major sources that facilitate the recovery of vegetation after disturbance in degraded communities [17]. When assessing the restoration potential of degraded areas, viable SSBs may be useful for restoration after removing disturbances or stressors [18,19]. As a result, the evaluation of SSBs can therefore provide an index of the recovery potential of degraded plant communities. Knowing the relationships between SSB and aboveground vegetation may help to develop an effective conservation plan for restoring diversity, and for better understanding the resilience of plant communities after disturbances [16]. Vegetation dynamics, including the role of SSBs, in regeneration phases in karst areas are still poorly understood.



The influence of soil properties on the variation in the plant diversity and species composition of aboveground vegetation and the SSB of the three typical vegetation types are still unknown, despite their importance for understanding ecological patterns and processes, as well as for guiding management decisions for conservation or restoration measures. We therefore conducted a series of field surveys and specifically asked the following questions: (1) How do the soil properties differ among three typical vegetation types? (2) Do the characteristics of SSBs differ among three typical vegetation types? (3) How do the relationships between aboveground vegetation, SSB and soil properties change within different vegetation types? Finally, we discuss our results within the framework of future conservation management plans for karst ecosystems.




2. Materials and Methods


2.1. Study Area


The study was conducted in the Gongcheng Yao Autonomous County (hereinafter referred to as Gongcheng) (24°37′ N to 25°17′ N, 110°36′ E to 111°10′ E), Guangxi Zhuang Autonomous Region, in Southern China (Figure 1). Topographically, the area is a hilly area of karst terrain, with a valley, flat land, and hilly crisscrossing zone in the middle, among which mountains and hills account for more than 70% of the total land area. Typically, this area keeps a temperate climate throughout the year, belonging to the subtropical monsoon climate zone. The average annual temperatures and the average annual precipitation are 20.0 °C and 1517.5 mm, respectively, for the years 1971−2020. The annual accumulated temperature of measurements higher than 10 °C ranges from 5718.6 to 6382.6 °C.



The karst land area in Gongcheng is large. The rocky desertification area is mainly distributed across six townships (towns), Lianhua, Pingan, Gongcheng town, Xiling, Limu and Jiahui, with a total area of 25,300 hm2, accounting for 12% of the total land area of the county. Preliminary investigation showed that the vegetation has been completely removed in parts of the area by the intensive planting of fruit trees (e.g., peach, plum and persimmon), which caused the emergence of bare soil patches. The fruit industry has become the leading industry fueling local economic development. However, the area of rocky desertification caused by orchard planting accounted for 42.5% of the total area of rocky desertification, according to the 2019 technical reports from local authorities.



Bamboo shrubs (e.g., Phyllostachys sulphurea) are distributed either individually or in clumps in most of the karst mountainside. It became the main type of secondary vegetation after orchards were abandoned in this karst area. Vegetation species have drought-resistant characteristics because of their extensive exposure to the basement rocks and thin soil. The bamboo shrub is generally dominated by vines; small, almost leather-like tree species; and single and mini-type leaf plants. Long-term observations show that abandoned orchards turn into bamboo shrubs after 10 years of natural restoration, but it is difficult for them to turn into a shrub or forest that is dominated by tree species. The primary forest ecosystem characteristic of the mid-subtropics is dotted around a housing colony, which is preserved in the form of a geomantic forest. The local people claim that almost all primary forest was stripped in the “Great Leap Forward” from 1958 to 1961, after which the area was reclaimed repeatedly for farming or restored naturally to bamboo shrub (Figure 2).




2.2. Sampling of Vegetation and Site Conditions


We identified three typical vegetation types in our study area: orchard, bamboo shrub and primary forest. For each type, three 20 × 20 m plots were randomly selected (Table 1). At each plot, five 1 × 1 m quadrats were chosen in the corners and center. All woody stems with a diameter at breast height (DBH) of ≥ 1 cm in each plot were counted, measured and identified to the species level. The composition and abundance of vascular plant species in the herb layer (including seedlings of woody plants) were recorded in each quadrat. In addition, vegetation and litter height, percentage cover of bare rock, cover of bryophytes and litter, species composition and percentage cover of the woody overstorey were recorded. Plant specimens were identified according to Flora of China.



Parallel to the vegetation census, in August 2020, soil samples of 200 g each were taken at each quadrat at an average depth of 10 cm. Each soil sampling quadrat was marked with a PVC tube after sampling for later soil seed bank sampling. After air-drying and sieving to 2 mm to remove stones, roots and rhizomes, soil chemical properties (organic carbon (OCC), total nitrogen (TNC), total phosphorus (TPHC), total potassium (TPOC), available nitrogen (Alkeline-N), available phosphorus (Olsen-P), rapidly available potassium (Olsen-K), calcium (CAC) and magnesium (MAC)) were analyzed in October 2020, by the Shaanxi Biorace Biological Technologies Company using the procedures described by Bao [20].




2.3. Seed Bank Sampling


The SSB experiment was conducted in November 2020 prior to the germination of seeds in the field. Soil samples were manually collected using a 10 × 10 cm frame at each quadrat. Each sample was divided into three soil depths (0–5, 5–10 and 10–15 cm) (Figure S1). A total of 135 soil samples (3 vegetation types × 3 plots × 5 quadrats × 3 soil depths) were collected. Soil samples were stored at 4 °C for approximately one week. Soil samples were then sieved with a 2 mm screen to remove stones, roots and rhizomes. After sieving, each soil sample was manually homogenized and spread on 10 cm of sterilized sand in a 50 cm length × 20 cm width × 10 cm depth plastic tray with drainage holes in early January 2021. Trays were randomly arranged on benches lined with plastic in the greenhouse. Samples were generally kept at field moisture conditions by surface watering every 2 days. Newly emerged seedlings were removed from pots after identification to prevent crowding. Seed germination assays continued for six months after germination had ceased. The mean density of the total number of emerging seedlings per sample was expressed on a per m2 basis.




2.4. Statistical Analyses


This study employed the Shannon–Wiener diversity, Simpson diversity, species richness, Pielou evenness and Sørensen’s quotient of similarity indices to demonstrate the different cover of the distinguished vegetation types and the characteristics of changes in the species composition of the seed bank:




	(1)

	
Diversity index (H), using the Shannon–Wiener index [21]:
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Dominance index (D), using the Simpson dominance index [22]:
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Richness index (R):











  R = S  












	(4)

	
Pielou index (E) [23]:
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	(5)

	
Similarity index, using Sørensen’s quotient index (SQ) [24]:
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where N is the total number of plants, Ni is the number of individuals of species “i”, Pi is the relative abundance of species “i”, S is the total number of species, A is the number of species in the soil seed bank, B is the number of species in aboveground vegetation and C is the number of species common to the seed bank and aboveground vegetation.



One-way analysis of variance (ANOVA) was used to identify significant differences among three vegetation types for the different soil physiochemical properties. Principal component analysis (PCA) and canonical correlation analysis (CCA) were used to evaluate similarity in soil chemical properties, species composition of seed banks and aboveground community among three vegetation types. The species diversity, PCA and CCA were implemented using the vegen package [25] in R 4.1.2 [26].





3. Results


3.1. Soil Chemical Properties


There were significant differences in the soil chemical properties among different vegetation types (Figure 3). The TPHC, TPOC, Olsen-P and Olsen-K were higher in the orchard than bamboo shrub and primary forests. There were significantly higher contents in OCC, TNC and Alkeline-N in the bamboo shrub than the other two vegetation types, but CAC and MAC did not differ among the three vegetation types. According to the classification standards of the second national soil census, the TNC and Alkeline-N were at an extremely high level in the three vegetation types, while the TPHC and Olsen-P were at a depressed level in bamboo shrub and primary forest.



The first two principal components in PCA of the nine variables accounted for 68.63% of the total variation among sites (Table 2). Comp 1 (36.05% of variation) was positively correlated with eight of the nine variables, and negatively with MAC; Comp 2 (32.58% of variation) was highly correlated with eight of the nine variables but had no significant correlation with MAC. In addition, the PCA revealed a separation among different vegetation types, but with an obvious overlap between the bamboo shrub and primary forest (Figure 4a).




3.2. Species Composition of Aboveground Vegetation


A total of 80 species occurred in the 45 quadrats of the three vegetation types (Table S1). The species composition was quite different among the three vegetation types. It was dominated by annual herbs in the orchard. Perennial herbs and perennial woody vines (Scandent shrub) dominated the plant communities of the bamboo shrub, but perennial herbs and tree or shrub species dominated in the primary forest. The four indices of diversity, H, D, R and E, all indicated the highest species diversity in the primary forest and the lowest species diversity in the orchard (Figure 5). However, there was no significant difference between primary forest and bamboo shrub for the four diversity indices, while the orchard had a significantly lower diversity among the three vegetation types for H, D and E indices.




3.3. Species Composition of Soil Seed Bank


A total of 44 species occurred in the 135 soil samples of the three vegetation types (Table 3). The four indices of diversity, H, D, R and E, all indicated a higher species diversity in the orchard but a lower diversity in the primary forest. Although there was no significant difference between primary forest and bamboo shrub for the H, R and E indices of SSB, the SSB of the orchard had a significantly higher diversity among the three vegetation types, which is in contrast with aboveground vegetation (Figure 5). In addition, the mean Sørensen’s quotient of similarity between the SSB and aboveground vegetation was less than 10% in the three typical vegetation types, and almost all the similarity indices of communities were zero in bamboo shrub and primary forest (Figure 6).



The soil seed bank density was significantly different among the three vegetation types (Table 3). The average SSB density was 22,446.67 ± 14,315.18 seed/m2 in the orchard, 1086.6 ± 213.22 seed/m2 in the bamboo shrub and 1519.89 ± 383.65 seed/m2 in the primary forest. Besides the SSB density being higher in the orchard than in the bamboo shrub and primary forest, the standard deviation was also higher in the orchard than in the other vegetation types, indicating the high volatility of the SSB density in the orchard. The SSB density was gradually decreased with soil depth in the three typical vegetation types (Table 4).



The species composition and the dominant species of the SSB were significantly different among the three vegetation types (Table 3). In the orchard, a total of 31 plant species belonging to 20 families were observed in the SSB. The dominant species were Galium aparine (47.82%), Stellaria media (27.18%) and Oxalis corniculata (5.58%). In the bamboo shrub, only 19 species belonging to 12 families were observed in the soil bank. The dominant species were Conandron ramondioides (18.52%), Setaria viridis (15.74%) and Carex doniana (12.04%). In the primary forest, only 22 species belonging to 16 families were observed in the soil bank. The dominant species were Botrychium ternatum (34.87%), Woodsia ilvensis (18.42%) and Broussonetia papyifera (17.76%).



Annual herbs dominated the SSB in the orchard and included 18 species, accounting for more than 75% of life forms. Only one tree species, a native pioneer species, B. papyifera, was found in the orchard in two soil samples. Perennial plants dominated the species composition of both bamboo shrub and primary forest, and included 9 and 14 species, accounting for approximately 60% of life forms. However, the primary forest had a higher percentage of trees or shrubs than bamboo shrubs (Figure 7, Table 4).




3.4. Correlation between Vegetation, Soil Seed Banks and Soil Properties


The CCA identified the species composition groupings of the aboveground vegetation and SSBs among the three vegetation types (Figure 4b,c). The established vegetation and SSBs in the orchard were positively correlated with TPHC, TPOC, Olsen-P and Olsen-K, while the established vegetation and soil seed banks in the bamboo shrub had no significant correlations with any soil properties. Meanwhile, the CCA results indicate that there was a converse trend between the species composition of vegetation and SSB in the orchard and primary forest. The species composition of vegetation had a positive correlation with TPHC, TPOC, Olsen-P and Olsen-K, but the soil seed bank had a negative correlation with these variables. The SSBs in the primary forest had a positive correlation with MAC (Figure 4c).





4. Discussion


Our results show that the amounts of basic elements and available ingredients in the soil, such as TPHC, TPOC, Olsen-P and Olsen-K, were significantly higher in the orchard than in the other vegetation types. After 20 years of recovery, OCC, TNC and Alkeline-N showed a significant increase. This was mainly due to the well-developed fibrous roots of bamboo, which hold the soil in place, increasing the stability of soil matrixes as succession proceeds. The accumulated litter covers the soil and increases soil organic matter content and permeability, reduces runoff and extends runoff time [27]. The interlocked roots of bamboo and the dry micro-climate played a limiting role in litter decomposition. The PCA revealed a separation among different communities and a greater separation between the orchard and the other two vegetation types, and the typical vegetation types were influenced by different soil properties. These results indicate that aspects of intensive planting such as fertilizing, abusing herbicides and pesticides dramatically changed the soil chemical properties. In addition, the CCA also revealed a separation among different vegetation types but a modicum of overlap between bamboo shrub and primary forest in the SSBs. Almost all soil samples were gathered together, which indicated that the species composition of SSBs had incredible similarity in the orchard. In contrast, in bamboo shrub and primary forest, all soil samples were spread out, which indicated that the species composition of SSBs had a striking contrast.



Soil physiochemical properties are the most important factors influencing the vegetation restoration in karst regions [28,29]. As nutrients and organic matter accumulate with time, they increase species complexity along the following successional stages [30]. Available P, rather than N, in calcareous soils is an effective indicator of nutrient limitation in karst regions [31]. The secondary and primary forests are P-limited, while the shrub is constrained by N and P or by other nutrients [5]. The low availability of P is expected to be due to the very low solubility of Ca-phosphate minerals at a neutral to alkaline pH in karst soils [9]. There are extremely high levels of TNC and Alkaline-N but depressed levels of TPHC and Olsen-P in the bamboo shrub and primary forest in our study. Thus, the bamboo shrub and primary forest within our region may be limited by P rather than N. This could be an intrinsic factor making it difficult for an area to succeed from bamboo shrub to primary forest.



It was found that the total seed density in the seed banks of the orchard was much greater than that in the bamboo shrub and primary forest. The total seed density in the orchard was much greater than that in plant communities in which there was no bare rock. For example, a density of approximately 3500 seeds m−2 in SSBs at a depth of 0–10 cm was observed in wetlands of the Yellow River Delta [32]. However, the number of seeds produced by malignant weeds that adapted to herbicides was great, which resulted in very high seed bank densities. For example, the density of G. aparine and S. media reached 10,733.34 and 6099.99 seeds m−2, which accounted for approximately 80% of the total seed density in the orchard. A density of 1519.89 seeds m−2 was observed in SSBs in the primary forest of this study, which was much lower than that found in another tropical karst region of China [33]. The primary forest is located next to the village, and the understory herbaceous layer and litter layer might have therefore been disturbed by free-range poultry in this study. In addition, seed density declines with increasing soil depth, with the majority of seeds being distributed in the surface soil.



The biological characteristics of the species that present in the SSB influence its similarity to aboveground vegetation. There were significantly different proportions of plant life forms among the three typical vegetation types. Seeds of annual herbs constituted almost all SSBs in the orchard, while perennial plants constituted most of the SSBs in the bamboo shrub and primary forest in this study. These results are similar to those previously found regarding the level of life forms reported in secondary forests in karst areas of southwest China [34]. Of particular interest here is that the primary forest had a higher percentage of trees or shrubs, but the bamboo shrub had a higher proportion of perennial woody vines. In the intermediate succession stage (herein referred to as bamboo shrubs), there were few shrubs and trees, but perennial plants, especially woody vines, were still abundant, which caused some shade, although the habitats received abundant sunlight and had drought-resistant characteristics because of their extensive exposure to the basement rocks and thin soil. These conditions made them unfavorable for seed viability for some plant species. In addition, creeping rootstocks of bamboo were unfavorable for the maintenance of the seed viability of trees or shrubs, and climbing perennial woody vines are the main restricting factor affecting the vertical growth and development of trees.



The species diversity of the SSBs is much higher than that of the aboveground vegetation in the orchard, but the opposite patterns were found in the primary forest. The seed bank and aboveground vegetation assemblages differed substantially, with less than 10% similarity in species composition in the three vegetation types. In the current study, approximately 76.33% of the quadrats have no species common to the seed bank and aboveground vegetation. Some studies have demonstrated that SSBs consisting mainly of annual plants have a high degree of similarity in terms of species composition to the aboveground vegetation [32]. Seed banks that consist mainly of perennial plants often have a lower degree of similarity in terms of species composition to the aboveground vegetation [35]. Differences in the species composition of the seed bank and aboveground vegetation can be caused by many factors. A possible reason is that the aboveground vegetation utilizes a seasonal strategy in the orchard, but our vegetation census was conducted in August 2020, when some spring-appearing herbs had been removed by herbicides, while the seeds of some species delay germination and remain viable in the soil to await suitable conditions for germination in the bamboo shrub and primary forest. The perennial plant population usually produces a large number of fruits or seeds intermittently and synchronously in different years.




5. Implications for Ecological Restoration in Karst Rocky Desertification Regions


In the karst region of southwestern China, the indices of population density, the degree of gathering of low-income individuals and the size of the workforce are relatively lower. The growing population and low land productivity have triggered agricultural expansion to marginal cropland on slopes and ridges and have resulted in severe rocky desertification. If management practices are adjusted towards sustainable land use and the promotion of active restoration efforts, the karst in southwest China stands a chance to recover to its state of function in earlier centuries [4,12]. The karst environment has remarkably improved after more than 20 years of effort by the Chinese government at different levels.



With the development of the economy and social transition, many youths migrate to urban areas for better job opportunities, which helps to lessen regional land use pressure. However, at the same time, advanced tools have increased farmers’ production efficiency, and so bamboo shrub faces a greater risk of being reclaimed again in this region. In addition, the overuse of fertilizers, herbicides and pesticides has stripped the soil of nutrients, making it too acidic, and has resulted in the invasion of exotic noxious weeds, as well as severe agricultural diffuse pollution. Therefore, stereoscopic agriculture and/or complex ecological agriculture are sorely needed to increase the per-unit labor and consequently raise the per-unit profit. Further study is needed to explore the stereoscopic planting modes of interplanting in orchards, such as Chinese medicinal herbs and cash crops. How to comprehensively apply and evaluate stereoscopic agriculture and/or complex ecological agriculture is the most important aspect to consider when discussing ecosystem services in karst landscapes in the future.



Ecological restoration projects have greatly decreased the aerial cover of karst rocky desertification in southwestern China [1]. However, land use/land cover changes are only the first step toward ecological restoration, and further close-to-nature restoration methods are necessary to promote ecological functions, e.g., biodiversity and carbon stock. Bamboo shrub is a typical vegetation type with low species diversity and carbon stock, and it is difficult to turn this type of vegetation into shrub or forest dominated by tree species by natural succession. Close-to-nature restoration methods could accelerate the succession of the bamboo shrub into forest. Close-to-nature restoration adopts traditional artificial restoration approaches and relies on natural ecological processes to achieve sustainable ecological restoration. It focuses on a return to nature and realizes sustainable restoration through the self-regulating function of the natural ecosystem. Therefore, ecosystems that are restored through close-to-nature restoration may maintain higher biodiversity and productivity and provide more ecosystem functions and services. The addition of seeds and seedlings of target species from natural ecosystems, especially perennial woody plants, is needed to accelerate succession from bamboo shrub to forest.
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Figure 1. Sampling points distribution of plant communities. 
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Figure 2. The characteristics of the three typical vegetation types and the interrelations between them. 
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Figure 3. Difference analysis of soil physiochemical properties in each vegetation type (mean ± standard error, n = 15). Different capital letters indicate significant differences (ANOVA, LSD test, p < 0.05). 
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Figure 4. Principal component analysis (PCA, (a)) and canonical correlation analysis (CCA, (b,c)) of the correlation between aboveground vegetation, soil seed bank and soil chemical properties. 
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Figure 5. Species diversity index of vegetation and soil seed bank in each vegetation type (mean ± standard error, n = 15). Different capital letters indicate significant differences (ANOVA, LSD test, p < 0.05): lowercase letters for aboveground vegetation and uppercase letters for soil seed bank. 
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Figure 6. The Sørensen’s quotient of similarity between the SSB and aboveground vegetation in each vegetation type (mean ± standard error, n = 15). 
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Figure 7. Soil seed bank life form spectrum of sampling points among different vegetation types. O, P and B represent the orchard, primary forest and bamboo shrub, respectively. The black column indicates annual herbs, the grey column indicates perennial plants (herbs and woody vines), and the white column indicates trees or shrubs. 
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Table 1. Sample plot survey.
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Vegetation Types

	
Sample Number

	
Longitude

	
Latitude

	
Altitude

(m)

	
Rock Exposed Rate

	
Slope

(°)

	
Edificator






	
Orchard

	
O-1

	
110°47′16″ E

	
24°55′00″ N

	
208

	
75

	
5

	
Prunus salicina




	
O-2

	
110°47′13″ E

	
24°55′05″ N

	
235

	
80

	
2




	
O-3

	
110°47′15″ E

	
24°55′06″ N

	
234

	
70

	
3




	
Bamboo shrub

	
B-1

	
110°47′20″ E

	
24°55′16″ N

	
198

	
85

	
6

	
Phyllostachys sulphurea




	
B-2

	
110°47′11″ E

	
24°55′07″ N

	
229

	
85

	
9




	
B-3

	
110°47′23″ E

	
24°55′17″ N

	
192

	
80

	
8




	
Primary forest

	
S-1

	
110°51′50″ E

	
24°45′49″ N

	
173

	
65

	
10

	
Cyclobalanopsis glauca, Pterospermum heterophyllum




	
S-2

	
110°51′49″ E

	
24°45′46″ N

	
155

	
75

	
17




	
S-3

	
110°52′07″ E

	
24°45′18″ N

	
150

	
70

	
5
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Table 2. Coefficients of the linear combinations of variables making up the principal components of nine soil properties.
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	Variable
	Comp 1 (36.05%)
	Comp 2 (32.58%)





	Organic carbon (OCC)
	0.369
	0.387



	Total nitrogen (TNC)
	0.442
	0.341



	Total phosphorus (TPHC)
	0.392
	−0.379



	Total potassium (TPOC)
	0.14
	−0.399



	Available nitrogen (Alkeline-N)
	0.417
	0.361



	Available phosphorus (Olsen-P)
	0.353
	−0.356



	Rapidly available potassium (Olsen-K)
	0.379
	−0.388



	Calcium (CAC)
	0.191
	0.145



	Magnesium (MAC)
	−0.132
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Table 3. Average soil seed bank density (m2) of each plant species in different vegetation types.
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Latin Name

	
Family

	
Life Form

	
Vegetation Type




	
Orchard

	
Bamboo Shrub

	
Primary Forest






	
1

	
Galium aparine

	
Rubiaceae

	
Annual herb

	
10,733.34

	
-

	
-




	
2

	
Stellaria media

	
Caryophyllaceae

	
Annual herb

	
6099.99

	
9.99

	
-




	
3

	
Oxalis corniculata

	
Oxalidaceae

	
Annual herb

	
1253.34

	
20.01

	
-




	
4

	
Clinopodium chinense

	
Labiatae

	
Perennial herb

	
860.01

	
-

	
-




	
5

	
Gnaphalium affine

	
Compositae

	
Annual herb

	
826.68

	
-

	
-




	
6

	
Youngia japonica

	
Compositae

	
Annual herb

	
346.68

	
69.99

	
-




	
7

	
Paspalum thunbergii

	
Gramineae

	
Perennial herb

	
246.66

	
-

	
-




	
8

	
Cardamine hirsuta

	
Brassicaceae

	
Herbs annual

	
146.67

	
-

	
-




	
9

	
Capsella bursa-pastoris

	
Brassicaceae

	
Annual or biennial herb

	
133.32

	
-

	
-




	
10

	
Talinum paniculatum

	
Portulacaceae

	
Perennial herb

	
60

	
-

	
-




	
11

	
Thyrocarpus sampsonii

	
Boraginaceae

	
Annual herb

	
33.33

	
-

	
-




	
12

	
Lygodium japonicum

	
Lygodiaceae

	
Perennial herbaceous vines

	
26.67

	
6.6

	
-




	
13

	
Agastache rugosa

	
Labiatae

	
Perennial herb

	
13.32

	
-

	
-




	
14

	
Centella asiatica

	
Umbelliferae

	
Perennial herb

	
13.32

	
-

	
-




	
15

	
Eclipta prostrata

	
Compositae

	
Annual herb

	
13.32

	
-

	
-




	
16

	
Dendranthema indicum

	
Compositae

	
Perennial herb

	
13.32

	
110.01

	
-




	
17

	
Solanum lyratum

	
Solanaceae

	
Perennial herbaceous vines

	
6.66

	
39.99

	
-




	
18

	
Parathelypteris glanduligera

	
Thelypteridaceae

	
Perennial herb

	
6.66

	
-

	
-




	
19

	
Cichorium endivia

	
Compositae

	
Annual herb

	
6.66

	
-

	
-




	
20

	
Clematis florida

	
Ranunculaceae

	
Perennial herbaceous vines

	
6.66

	
-

	
-




	
21

	
Selaginella uncinata

	
Selaginellaceae

	
Perennial herb

	
-

	
20.01

	
-




	
22

	
Conandron ramondioides

	
Gesneriaceae

	
Perennial herb

	
-

	
200.01

	
-




	
23

	
Botrychium ternatum

	
Botrychiaceae

	
Perennial herb

	
279.99

	
-

	
530.01




	
24

	
Woodsia ilvensis

	
Woodsiaceae

	
Perennial herb

	
33.33

	
30

	
279.99




	
25

	
Broussonetia papyifera

	
Moraceae

	
Trees or shrubs

	
33.33

	
50.01

	
270




	
26

	
Solanum nigrum

	
Solanaceae

	
Annual herb

	
53.34

	
80.01

	
60




	
27

	
Carex doniana

	
Cyperaceae

	
Annual herb

	
6.66

	
129.99

	
50.01




	
28

	
Oplismenus compositus

	
Gramineae

	
Annual herb

	
-

	
-

	
50.01




	
29

	
Stephania tetrandra

	
Menispermaceae

	
Perennial herbaceous vines

	
-

	
39.99

	
39.99




	
30

	
Arthraxon hispidus

	
Gramineae

	
Annual herb

	
-

	
-

	
39.99




	
31

	
Achyranthes bidentata

	
Amaranthaceae

	
Perennial herb

	
-

	
-

	
39.99




	
32

	
Setaria viridis

	
Gramineae

	
Annual herb

	
20.01

	
170.01

	
30




	
33

	
Erigeron acer

	
Compositae

	
Biennial herb

	
13.32

	
39.99

	
20.01




	
34

	
Commelina bengalensis

	
Commelinaceae

	
Perennial herb

	
1113.33

	
9.99

	
9.99




	
35

	
Pilea notate

	
Urticaceae

	
Perennial herb

	
26.67

	
9.99

	
9.99




	
36

	
Artemisia carvifolia

	
Compositae

	
Annual or biennial herb

	
13.32

	
9.99

	
9.99




	
37

	
Fatoua villosa

	
Moraceae

	
Annual herb

	
6.66

	
-

	
9.99




	
38

	
Mallotus paniculatus

	
Euphorbiaceae

	
Trees or shrubs

	
-

	
-

	
9.99




	
39

	
Vernonia esculenta

	
Compositae

	
Trees or shrubs

	
-

	
20.01

	
9.99




	
40

	
Pistacia chinensis

	
Anacardiaceae

	
Trees or shrubs

	
-

	
-

	
9.99




	
41

	
Praxelis clematidea

	
Compositae

	
Annual

	
-

	
20.01

	
9.99




	
42

	
Celtis sinensis

	
Ulmaceae

	
Trees or shrubs

	
-

	
-

	
9.99




	
43

	
Cyclobalanopsis glauca

	
Fagaceae

	
Trees or shrubs

	
-

	
-

	
9.99




	
44

	
Cayratia japonica

	
Vitaceae

	
Perennial herbaceous vines

	
-

	
-

	
9.99
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Table 4. Average soil seed bank density (m2; mean ± standard deviation) of each vegetation type in different soil depths.
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	Soil Depth
	Orchard
	Bamboo Shrub
	Primary Forest





	0–5 cm
	12,906.67 ± 8995.6
	406.67 ± 55.87
	826.67 ± 197.66



	5–10 cm
	6033.33 ± 5357.29
	353.33 ± 68.24
	493.33 ± 106.77



	10–15 cm
	3526.67 ± 1398.33
	326.6 ± 67.21
	200 ± 43.38



	Total
	22,446.67 ± 14,315.18
	1086.6 ± 213.22
	1519.89 ± 383.65
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