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Introduction: Understory removal is a traditional practice in forest management to reduce fire risk and promote seedling regeneration. However, its effect on understory diversity, biomass and soil nutrients in temperate forest ecosystems is less known, which limits our assessment of the effectiveness of understory vegetation management.

Methods: We quantified the composition of the understory species, their diversity, and the biomass of the understory and factors driving changes in these parameters in primary mixed broad-leaved Pinus koraiensis forest (BKF), secondary Betula platyphylla forest (BF), and Larix gmelinii plantation (LF) in northeast China after a 5-year understory removal.

Results: After understory removal, the number of shrub and herb species in BKF and LF decreased, while the number of shrub species in BF increased significantly and that of herb species decreased; the species with strong light preference, Equisetum hyemale, Impatiens noli-tangere, and Filipendula Palmata, were dominant in the herb layer of the three forest types; Shannon–Wiener diversity, Pielou evenness, and Simpson diversity of the herb layer in LF increased significantly (P < 0.05), while those of the shrub and herb layers in BF and LF showed no significant changes (P > 0.05). The total understory biomass of understory of BKF and LF decreased by 0.94 t·hm−2 and 1.32 t·hm−2, respectively, while that of BF increased by 1.31 t·hm−2; soil [image: image]-N and total phosphorus (TP) were the key factors regulating understory vegetation diversity and biomass, respectively.

Conclusion: These results suggest that understory removal is a beneficial management strategy for increasing shrub biomass and diversity in secondary forests, while it should be avoided in primary forests and plantations to prevent the reduction of understory plant diversity and soil nutrient loss.
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1 Introduction

Understory vegetation accounts for a large proportion of the species diversity of forest ecosystems (Deng et al., 2023a) and is very crucial to maintaining community stability and regulating the structure and function of the forest ecosystem (Nilsson and Wardle, 2005; Bartels and Chen, 2013; Rodriguez-Rodriguez et al., 2023). The tree layer dominates the consumption of space, light (Bartels and Chen, 2010), water, and soil nutrients (Rybar et al., 2023) and has strong space heterogeneity (Yu et al., 2022), which strongly influences the composition and distribution of understory vegetation (Kumar et al., 2018). Nevertheless, understory vegetation has a detrimental impact on sharing environmental resources (De Lombaerde et al., 2020) or poses an interference competition against target overstory trees (Balandier et al., 2022) when it covers more forest land area. Moreover, overstory management, mainly thinning and pruning practices, can directly and indirectly affect the formation of understory vegetation (Wang et al., 2021). However, the process of forest management, such as understory removal, seldom attracts people's attention. Therefore, it is necessary to explore the ecological effects of understory removal, so as to implement high-quality forest ecosystem management based on improving forest complexity and versatility (Wang and Yu, 2023).

Understory removal is a sustainable forest management practice followed worldwide for plantations and natural forests (Povak et al., 2008) to decrease fire hazards (Jimenez et al., 2015) and promote the growth of target trees (Yildiz et al., 2011). Therefore, understory removal has stimulated much exploration about its effectiveness, producing some controversial results (Deng et al., 2023a). Understory removal can alter the characteristics of the understory environment, for example, soil water and nutrient availability (Zhao et al., 2011; Deng et al., 2023b), microbial community (Deng et al., 2023b) and light conditions (Kume et al., 2003), as well as limiting the build-up of litter (Navarro et al., 2010). Although previous studies have confirmed that, on the one hand, understory removal increases the understory diversity (Premer et al., 2016) and biomass by decreasing belowground competition and enhancing soil nutrients (Canteiro et al., 2011; Giuggiola et al., 2018), on the other hand, understory removal predominantly results in an increased seedling performance (De Lombaerde et al., 2021) and biomass. This contrasting finding is because it not only elicits significant increases in photosynthetic characteristics (Kume et al., 2003) but also reduces drought stress, resulting in an increased allocation of carbon into below-ground organs (Vandenberghe et al., 2006). Moreover, other researchers have argued that understory removal can prevent nutrient output and limit the build-up of litter and light distribution (Motsinger et al., 2010), thereby limiting plant recruitment (Premer et al., 2016) and ultimately leading to a decrease in understory biomass (Pires and Xavier, 2010). These contradictory reports on the effects of understory management on the understory characteristic may be attributed to differences in forest stand and types (Premer et al., 2016) and ages (Yildiz et al., 2011; Zhou et al., 2018b), the number (Dupuy and Chazdon, 2008) and times (De Lombaerde et al., 2021) of understory management, and vegetation types (Copeland et al., 2019). Therefore, it is imperative to understand how the understory community changes following understory removal, paying particular attention to the dynamic relationship between its characteristics (e.g., diversity and biomass) and soil properties (Ares et al., 2010; MacDonald et al., 2015), which will aid in a comprehensive assessment of the effectiveness of understory removal management.

The Changbai Mountains forest area is a typical temperate forest ecosystem and also is the largest forest area in Northeast China (Dai et al., 2011). Before the 1980s, the forest area was mainly used for timber production and therefore had a large area of logging. Following the complete implementation of the natural forest protection project in 2015, all commercial logging of natural forests in the forest area has ceased entirely (Qi et al., 2018). At present, the forest area is characterized by a small amount of undisturbed original broad-leaved Korean pine forest, a large number of Betula platyphylla secondary forests disturbed by logging, and some Larix gmelinii artificial forests replanted on clear-cutting land. Currently, the main forest management strategy is understory removal (Qi et al., 2018). Previous studies mainly focused on the effects of understory management on soil microorganisms (Deng et al., 2023b) and the effects of thinning on the characteristics of understory vegetation (Wang et al., 2021) in Changbai Mountains, which revealed the mechanism of the influence of vegetation on forest soil ecological process to a certain extent. However, it is unclear about the restoration characteristics of understory vegetation and their influencing factors in typical forests in Northeast China after understory removal.

In this study, our goal was to assess the effectiveness of understory removal management by determining how it affected understory plant community composition, diversity and biomass in a short-term (5 years) understory manipulation experiment in temperate forests (original broad-leaved Korean pine forest, B. platyphylla secondary forest, and L. gmelinii artificial forest). We examined the change in plant community and how it correlates with its driving soil contents and looked for indexes in plant community measures associated with management goals, such as understory plant abundance, height, and coverage. We particularly addressed the following questions: (1) What are the changes in understory vegetation composition in three typical stands before and after understory management? Considering that understory species have different demands for light and soil contents, we hypothesized that heliophile plants in understory removal treatments dominated the understory layer of the three stands; (2) After the short-term management, what are the characteristics of understory vegetation community in different stands and its driving factors? The removal of denser understory vegetation and under open understory conditions is expected to increase the biomass and diversity in the shrub layer faster than in the herb layer. Our findings will not only support forest managers' decision-making but also help to assess understory removal under which stand is the most justified and most conducive to understory regeneration.



2 Materials and methods


2.1 Study area

This study was conducted in Fusong County, Jilin Province in the northwest of Changbai Mountains (127°29′ to 128°02′E; 42°20′to 42°40′N; 600 to 800 m A. S. L., Figure 1). It is characterized by north temperate continental climate with prolonged and severe winters and hot and humid summer: long-term average annual precipitation recorded at the Baihe weather station ranged from 800 to 1,040 mm and the average annual temperature is 4.5–7.8°C. The forests are characterized by the original broad-leaved Korean pine forest and natural secondary forests regenerated after devastation with complex canopy, which is dominated by Pinus koraiensis, B. platyphylla, L. gmelinii, and Acer pictum. The soil is characterized as a mountain dark brown forest soil, and its average depth is about 50 cm (Deng et al., 2023b).


[image: Figure 1]
FIGURE 1
 The location of the study area.




2.2 Experimental design

In the summer of 2015, two types, namely, understory removal plot (UR) and understory left intact plot (CK), of monitoring large plots with three repetitions (50 m × 50 m) were set up in the mixed broad-leaved P. koraiensis (BKF), B. platyphylla (BF), and L. gmelinii (LF) forests, respectively, and according to the forest inventory data from the local forestry bureau, the ages of the three stands were 195, 42, and 22 years, respectively. To minimize the edge effects, the large plots of each plot were replicated at least 20 m away from each other. The understory removal experiment in each stand was performed by a kind of machine that was used to cut the above-ground part of the understory shrubs, vines, and tall herbs that hinder the growth of seedlings, saplings, and trees. As a result, the plant residues were evenly stacked in the forests with some spacing. In July 2020, we randomly set up three subplots and their control plots with an area of 20 m × 20 m with similar abiotic conditions of topography, geology, soil, and climate in each large plot. The characteristics of each stand with two kinds of understory treatments are shown in Table 1.


TABLE 1 Characteristics of the three stands with understory left intact (CK) and removal (UR).
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2.3 Understory vegetation survey and measurement
 
2.3.1 Diversity survey

In July 2020, we set up four 1 m × 1 m subplots for herbaceous species at the four corners of each management plot. We collected basic information on all herbaceous species including their names, abundance, height, coverage, and total coverage, and then harvested the whole plant for all the herbs in a 50 cm × 50 cm random sample square in a 1 m × 1 m subplots. Meanwhile, four 5 m × 5 m subplots were set up for recording species names, abundance, height, canopy width and basal diameter of all shrub plants.



2.3.2 Obtaining biomass

We took the herbaceous samples back to the laboratory and dried them in an oven at 85°C for 48 h to constant weight and weighed their dry weight. The indicators (height, ground diameter, east-west and north-south, and crown width) of each shrub were placed into the corresponding allometric growth equations for obtaining biomass (Fan et al., 2011; He et al., 2011; Wang et al., 2016). The herb and shrub biomass per unit area were calculated based on coverage, the dry weight of the herbaceous plants, shrub biomass in each subplot, and the area of the entire subplot. The coverage of the plant refers to the ratio of the vertical projection area of above the ground part of the plant to the ground, and it was estimated in the field research by a visual method.




2.4 Soil sampling and analysis

Five soil cores (0–20 cm depth) of each subplot were collected randomly with an auger after removing the litter layer in July 2020 and were mixed with one composite sample. Soil samples of four plots from each treatment in each forest of each site were divided into two parts. One fresh part was dried and weighed to test its water content (SWC). The other part was air-dried for the determination of soil total carbon (TC), total nitrogen (TN), total phosphorus (TP), available phosphorus (AP), ammonium nitrogen ([image: image]-N), and nitrate nitrogen ([image: image]-N) content, as well as pH, resulting in a total of 24 soil samples.

Soil pH was determined using a pH meter (PHS-3C) in a 1:2.5 soil:water solution (weight/volume). Soil TC and TN contents were measured using a C/N analyzer (Elementar vario MACRO cube, German). Soil TP and AP contents were obtained by using a spectrophotometer (UV-9000S, China) with H2[image: image]HClO4 digestion and 0.5 mol/L NaHCO3 extraction, respectively. Soil [image: image]-N and [image: image]-N contents were extracted by 1 mol/L potassium chloride solution and analyzed using dual-wavelength ultraviolet spectrophotometry.



2.5 Data analysis
 
2.5.1 Importance value of understory vegetation

To quantify the status and dominance of understory plants in the community, we calculated their importance value (IV, Equation 1), which was defined as the average of its relative abundance (Ar, Equation 2), relative coverage (Cr, Equation 3), and relative frequency (Fr, Equation 4) based on the obtained data. These parameters were calculated as follows (Arbainsyah et al., 2014):
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where Ar is the relative abundance, Cr is the relative canopy, and Fr is the relative frequency.



2.5.2 Understory vegetation diversity

Margalef richness index (R, Equation 5), Shannon–Wiener diversity index (H, Equation 6), Simpson dominance index (D, Equation 7), and Pielou evenness index (J, Equation 8) were selected for calculating understory vegetation diversity (Hill and Pielou, 1970):
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where S is the number of species in the sample plot, N is the total number of individuals of all species in the sample plot, and Pi is the ratio of the number of individuals of a species to the number of individuals of all species in the sample plot.

Importance values of understory species were calculated using Excel 2016. The vegetation diversity indices were calculated using the ‘vegan' package of RStudio software. Based on SPSS18.0 software, one-way analysis of variance (ANOVA) was performed to test understory removal effects on herbaceous diversity and biomass and test the difference between different forests (LSD, P = 0.05). Independent-sample t-test was performed to compare the difference between using different management strategies in the same forest. Redundancy analysis (RDA) was performed in Canoco 5.0 software to determine the extent to which the soil's physical and chemical properties can explain the quantitative characteristics of plant communities.





3 Results


3.1 Understory vegetation diversity
 
3.1.1 Species composition and importance values

Five years after understory removal, the number of herbaceous plants of all three stands decreased; the number of species, genera, and families of shrub plants of LF decreased significantly, BKF decreased little, whereas BF increased largely (Figure 2). In particular, there were no significant differences of the number of understory plants between different understory management in the same stand, the number of species, genera, and families of shrub plants of BKF was significantly higher than that of LF (P < 0.05).


[image: Figure 2]
FIGURE 2
 Changes in the number of families, genera, and species in understory left intact (CK) and removal (UR) stands. BKF, mixed broad-leaved Pinus koraiensis forest; BF, Betula platyphylla forest; LF, Larix gmelinii forest. Mean ± SD, n = 4. Different uppercase letters indicate significant differences between different understory managements in the same stands (P < 0.05), and different lowercase letters indicate significant differences among different forest types within a given understory management (P < 0.05).


The importance values of the main species in the three stands are shown in Table S1. Five years after understory removal, the light-demanding herbaceous plants, such as Filipendula palmata, Urtica angustifolia and Equisetum hyemale, which displayed a strong reproduction capacity and adaptability in the three stands, quickly occupied forest lands and their dominant position was enhanced, while the dominance of sciophiles, such as Ostericum grosseserratum, Meehania urticifolia, and Carex pilosa, decreased. The dominance of the shrub plants in the three stands did not vary congruously to understory removal, and the dominance of some heliophile shrubs, such as Acer ukurunduense (8.51 increased to 42.04) in BKF, Acer tegmentosum (1.81 increased to 10.13) in BF, and Ribes mandshuricum (3.57 increased to 13.55) in LF, increased. Whereas the dominance of some heliophile shrubs, such as Eleutherococcus senticosus and A. tegmentosum (importance value reduced to 0) in BKF, Acer pictum subsp. mono (importance value reduced to 0) in LF decreased after understory removal.



3.1.2 Plant diversity

Five years after understory removal, Shannon–Wiener diversity (H), Pielou evenness (J), Simpson diversity (D), and Margalef richness (R) indices showed no significant changes in the shrub layer of the three stands (P > 0.05), while Shannon–Wiener diversity (H), Pielou evenness (J), and Simpson diversity (D) indices of the herb layer of LF increased significantly (P < 0.05). However, there were no significant differences between the four diversity indices of the herb layer of BF and BKF (P > 0.05) (Figure 3).


[image: Figure 3]
FIGURE 3
 Changes in understory vegetation community diversity in understory left intact (CK) and removal (UR) stands. (A–D) represent Shannon-Wiener diversity index, Pielou evenness index, Simpson dominance index, and Margalef richness index of the understory, respectively.





3.2 Understory vegetation biomass

Understory removal significantly decreased the understory biomass of BKF and LF (P > 0.05) but can promote the increase of BF, and there were no significant differences among the three stands (Figure 4). Five years after understory removal, the total understory biomass of BKF and LF had decreased by 0.94 t·hm−2 and 1.32 t·hm−2, respectively, where there was a more than 25% decrease both in the biomass of the shrub and herb layers. In contrast, the total understory biomass of BF increased by 1.31 t·hm−2, and understory biomass increased by 82.63% and 21.77% in the shrub and herb layers, respectively, in understory removal stands as compared to that in the understory left stands.


[image: Figure 4]
FIGURE 4
 Changes in understory vegetation biomass in understory left intact (CK) and removal (UR) stands.




3.3 Soil properties

Understory removal had a greater impact on the soil's physical and chemical properties of BF and LF (Table 2). Five years after understory removal, there were no significant variations in soil properties in BKF (P > 0.05); the content of soil [image: image]-N and available phosphorus (AP) of BF; while the water content (SWC), total nitrogen (TN), and total phosphorus (TP) content of LF increased significantly (P < 0.05). For the three stands, the total nutrient content (TN, TP, and total soil carbon (TC)) of BF in soil was the highest and significantly higher than BKF, followed by LF after understory removal; there were no significant differences in soil pH, SWC, and [image: image]-N among the three stands.


TABLE 2 Soil characteristics of the three stands with understory left intact (CK) and removal (UR).

[image: Table 2]



3.4 Correlations of understory vegetation characteristics with soil properties

The biomass and diversity of understory vegetation were different due to different soil properties (Figure 5, Tables S2, S3). Redundancy analysis (RDA) was used to explore correlations of understory vegetation characteristics with soil properties (Table S2). Soil N/P was the primary factor impacting understory vegetation diversity and biomass prior to understory removal (Table S3), and as its value increased, shrub diversity and understory biomass increased, whereas herb diversity decreased (Figures 5A, C). Five years after understory removal, soil [image: image]-N and TP were the key factors regulating understory vegetation diversity and biomass, respectively (Table S3), and as these values increased, shrub and herb diversity reduced while understory biomass increased (Figures 5B, D).


[image: Figure 5]
FIGURE 5
 Redundancy analysis (RDA) for correlation between characteristics of understory vegetation and soil properties. (A, B) are redundant analyses of understory vegetation diversity and soil properties in understory left intact (CK) and removal (UR) stands, respectively; the first two axes explained 87.52% and 81% of understory plant diversity. (C, D) are the redundancy analysis of understory vegetation biomass and soil properties in understory removal and retaining stands, respectively, and the first two axes explained 98.96% and 95.3% of the understory biomass. S-R, S-H, S-D, and S-J and H-R, H-H, H-D, and H-J represent the Margalef richness index, the Shannon–Wiener diversity index, the Simpson dominance index and the Pielou evenness index of the shrub and herb layers, respectively. S-T, H-T, and A-T represent the shrub layer biomass, the herb layer biomass, and the total biomass of understory vegetation, respectively.





4 Discussion


4.1 Changes in understory diversity and biomass

Disturbance and the availability of resources, particularly light and soil conditions have been recognized as key factors influencing plant diversity in the understory of temperate forests (Hofmeister et al., 2009; Forster et al., 2017). After understory removal, the vertical light distribution changed dramatically, and 50% of the light absorbed by the higher canopy was released (Matsuo et al., 2021), resulting in an increase in photosynthetically active radiation reaching the forest land, as well as an increase in the availability of temperature, humidity, and nutrients in the forest (De Lombaerde et al., 2021). Furthermore, understory species or species groups that demand different environmental resources may respond in various ways to the canopy opening (Forster et al., 2017; Deng et al., 2023b). Although previous studies have confirmed that understory management decreased species richness in the semi-arid ecosystem (Jimenez et al., 2015), our study in temperate forests demonstrated that its impact varies by forest type and understory vegetation layers (Hart and Chen, 2008). In this study, the species diversity of understory increased rapidly in the three stands, especially for B. platyphylla forest (Figure 2). The response of herbaceous plants to interference is more sensitive than shrub plants (Wang et al., 2021), the dominance of strong adaptability and reproductive ability and heliophiles herbaceous species increased significantly after understory removal, such as Impatiens noli-tangere, F. palmata, and E. hyemale, which caused significant differences in three forest types. Because the standground was not fully expanded by the shrub plants, it directly reduced the dominance of sciophiles herbaceous species (Table S1). The growth cycle of shrubs is usually longer than that of herbaceous species, therefore shrub diversity was not affected by understory removal, and their recovery process still needs to be studied on a longer time scale (Copeland et al., 2019). Because broad-leaved forests (BF) have higher canopy light transmission (Messier et al., 1998), their soil water and light conditions are superior to coniferous forests (LF) (Hart and Chen, 2008), resulting in increasing vegetation diversity and resource availability, which was in line with other research studies, that is, increase of broad-leaved trees benefitted the understory plant richness via improved nutrient availability in the soil (Salemaa et al., 2023). Shrub plants of broad-leaved forests grow faster and have more plant species than coniferous forests. The increase in dominance of the shrub layer would lead to the loss of species diversity under shrubs (Pajunen et al., 2011). Therefore, after understory removal, BF has the highest shrub diversity and the lowest herb diversity, which is in contrast to LF (Figures 2, 3).

Biomass compensation for understory removals occurs significantly in BF, but not in BKF and LF after treatment. In an arid region forest, the researchers found the degree of biomass compensation was dependent on restoration term (Canteiro et al., 2011) and a fertilized environment (Pires and Xavier, 2010) after the removal, and they observed that there was a compensation for removals under high fertilization during the first 3 years but was reduced compensation after 9 years. Moreover, biomass compensation for plant removals can occur relatively rapidly in temperate ecosystems (Gonzalez et al., 2019). However, in contrast with our findings, biomass compensation after removals in the short term only appeared rapidly in the broad-leaved pure forest (that is BF) with a fast litter turnover and decomposition rate (Zhao et al., 2022b). After a 5-year removal, the litter's turnover mechanism (Qiao et al., 2014) and nutrient content (Peng et al., 2020) changed, the litter in broad-leaved forests increased and accumulated faster than in coniferous forests, and its biological return was greater (Zhou et al., 2018a), which promoted the rapid accumulation of soil nutrient content such as organic matter in soil in BF (Zhang et al., 2022). In addition, the canopy density of BF is higher than that of coniferous forests and coniferous and broad-leaved mixed forests, and the light environment of the lower layer of the forest has improved after understory removal (Wang et al., 2021), thus the species with light-demanding and strong reproductive ability (such as F. Palmata and A. ukurunduense) enter the forest first and occupy a large area under the forest. Finally, light-demanding and shade-tolerant shrubs exist at the same time, resulting in the recovery of the species in the short term (Table S1). However, soil nutrient contents in BKF and LF were lower than in BF (Table 2), and some shade-tolerant and hygrophilous plants grew slowly, which limited understory vegetation restoration in a short time. Overall, understory removal appeared to promote shrub diversity and biomass of broad-leaved forests more than that of conifer forests (Figure 4).



4.2 The relationship between understory and soil properties

In this study, we found that before the understory removal, soil N/P promoted the increase of understory vegetation biomass and shrub plant diversity (Figure 5). The effect of soil N/P on the diversity of the shrub layer and the herb layer was opposite, indicating that the shrub layer was more stable in response to changes in the soil's physical and chemical properties, which may be due to the understory canopy limiting the distribution of herbaceous plants. The shrub layer and the herb layer have a competitive relationship with environmental conditions such as light, water, and nutrients. Therefore, with the change in the soil's physical and chemical properties, the diversity of the shrub layer and the herb layer showed an opposite trend of change (Zhou et al., 2021).

After understory removal, the understory canopy closure decreased (Gurlevik et al., 2004; Matsushima and Chang, 2007), which increased light transmittance and, combined with the plant residues, increased the amount of rainwater in the coniferous forest (LF). This increase facilitated the availability of more nutrients to the soil with rainwater and significantly increased the soil water content of the forest land, which improved the utilization efficiency of nutrients in the ecosystem (Wang et al., 2023). Soil moisture in broad-leaved forests was comparable to those in coniferous and broad-leaved mixed forests, indicating that soil water content had little effect on the biomass and composition of the forest (Table 2). In addition, the plant residues from understory management could be used as biomass energy, which is conducive to the realization of carbon neutralization (Wang et al., 2023). The management process generates a significant number of branches, plant residues and other residues, which causes a rapid increase in organic matter on forest land, stimulates litter decomposition, and enhances soil nutrient input. Because of the strong demand for plant growth and its limited nutrients, increasing soil TP concentration promotes the development of plant roots, which is the primary determinant for the expansion of early biomass of understory plants (Zhao et al., 2022a). It promotes the growth of understory biomass in BF in particular, which shows the quickest microbial activity, decomposition rate, nutrient accumulation rate, and energy cycle (Li et al., 2016; Zhao et al., 2022b). Furthermore, some studies suggested that plant diversity decreased with the decrease in soil pH, that is, the increase of soil acidity (Zarfos et al., 2019), which is consistent with our findings on the shrub layer (Figure 4). The species richness and diversity of the herb layer increased, because the tolerance of the shrub layer to soil pH was higher than that of the herb layer, and the herbaceous plants were mostly shallow roots, and the competitiveness of soil nutrients was poor (Zhao et al., 2022a). [image: image]-N is the basis of plant growth and development. This study found that with the increase of soil [image: image]-N, the diversity of shrubs and herbs decreased and the biomass increased. It may be because the increase in plant biomass will increase the competition between species, thus reducing species diversity. In general, the coupling relationship between the diversity of the shrub layer and the herb layer and the physical and chemical properties of soil is complex and quite different. This may be because the structure and the growth pattern of shrubs and herbaceous plants are different (Keeley and Johnson, 1977), and the absorption of different elements in the soil is different (Salas-Luévano et al., 2017).

The diversity and biomass of understory vegetation is an important indicator to measure the effectiveness of forest management measures. Our study only analyzed the impact of soil properties on understory plant characteristics; however, for a full appreciation of the impact of understory removal on understory diversity and biomass, environmental parameters, such as light environment, should be taken into account to guide forest management and promote the restoration of understory vegetation in the future.




5 Conclusion

Understory management, which aims to reduce the competition between seedling and understory vegetation, affected the composition of understory species, their diversity, and biomass, and the primary soil properties driving these changes were different in three temperate typical stands. Five years after understory removal, the light conditions and soil temperature in the forest changed and the composition and diversity of herbaceous plants of BF decreased significantly, while its shrubs became established and grew faster than in BKF and LF. Thus, understory removal should be applied in the growth stage of birch seedlings to improve understory productivity and plant diversity, while understory removal should be avoided in BKF and LF to reduce understory plant diversity and soil nutrient loss. Considering the multiple effects of understory removal, forest managers should implement the current understory removal policy based on different forest types for better cultivating the forests. Further research should emphasize the effect of understory removal on the relationship between overstory and understory development in a long-term operation experiment.
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BKE, mixed broad-leaved Pinus koraiensis forest; BE, Betula platyphylla forest; LF, Larix gmelinii forest. Mean  SD; n = 3. Different lowercase letters indicate significant differences between
different understory managements in the same stands (P < 0.05).
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