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  Abstract 
The relationship between biodiversity and ecosystem function is a significant scientific 
concern today. The purpose of this study was to examine the link between plant diversity 
and microbial communities in native mixed-Korean pine forests and to construct a 
comprehensive evaluation model that utilizes both vegetation diversity and microbial 
functional diversity to assess the stability of the forest ecosystem. Experiments were 
conducted in a series of original Korean pine forests compared to adjacent artificial 
forests. The experimental design included five plots (HD, HZ, HY, LY, and BH), each 
measuring 800 m². Plant studies indicated that vegetation significantly (P > 0.05) affects 
the crown volume index of the herb, shrub, and tree layers. Species richness, diversity, 
and evenness of the herb, shrub, and tree layers in original Korean pine forest types were 
significantly (P > 0.05) higher than those in artificial forest types. 
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1. Introduction 
Unprecedented rates of species extinction resulting from anthropogenic disturbances, such as land-use change and climate 
change, have prompted extensive research on the impact of biodiversity losses on ecosystem functioning [1-3]. The 
potential for anthropogenic disturbance to impose selective pressure on microbial communities is well documented. 
Biodiversity may have an important role in the stability of ecosystem functioning. Loss of sensitive species as a result of 
disturbance has the potential to cause long-lasting ecological effects if the stability or functioning of the microbial 
community as a whole is compromised [4-6]. Many researchers have investigated community structure dynamics [7, 8], 
nutrient cycling characteristics [9], soil quality [10], and the impact of biodiversity on soil properties [11-13]. The diversity 
of soil micro-organisms is not only studied but it is believed that only about 1% of the organisms that occur in soil have 
been cultured, identified, and characterized [14, 15]. As a result, we selected a series of original Korean pine forests 
converted from subalpine natural coniferous forests compared to adjacent artificial forests. We believe that this species 
turnover may also drive variations in the microbial communities between different locations, Thus, in this study, we were 
concerned with determining just how correlated above-ground plant species diversity is with soil microorganism functional 
diversity, and try to construct a comprehensive evaluation model, using the vegetation diversity and microbial function 
diversity to evaluate the stability of the forest ecological system similar to sample plot. 

2. Materials and methods 
2.1 Study area 
Liangshui Nature Reserve (47°10′50″N, 128°53′20″E), a preserve which is located in Yichun City, Heilongjiang province 
of China. It had the efficacy of protecting the Korean pine broad-leaved mixed forest ecological system. The area is 6394 
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hm2, and its temperate type belongs to the continental climate. In this area, the latitude is higher, the average annual 
temperature is only -0.3 ℃ while the annual average minimum and maximum temperatures are -6.6 ℃ and 7.5 ℃ respec-
tively. It belongs to the northern temperate Needle Mongolia forest area. The zonal vegetation is a mixed forest with needle 
and broad leaves, which is mainly Korean pine (Abbreviation broad-leaved Korean pine forest). 

Eight sampling locations surrounding each original Korean pine mixed forest type (type: HY: Korean spruce & Korean 
pine forest; HZ: oak & Korean pine forest; HD: linden-Korean pine forest) in Liangshui Nature Reserve, which was chosen 
based on previous studies conducted in this site. Two adjacent artificial forest types (type: BH: birch pure forest; LY: larch 
pure forest) were chosen to represent the background. 

2.2 Vegetation sampling 

The above-ground plant species inventory was carried out between July and August of 2010. In order to avoid a possible 
edge effect, eight square sampling plots (25 × 25 m2) were delimited according to the method of the species/area curve 
(Kent & Coker, 1992), demarcated approximately in the center of each stand. The vegetation is divided into three height 
classes, 0-0.5 m (herbaceous or small shrubs), 0.5-2 m (shrubs), and > 2 m (tall shrubs or trees). In each sampling plot, 
trees (10 × 10 m2), shrubs (5 × 5 m2), and herbaceous (2 × 2 m2) were destructively measured in plots placed in each facies 
whose datum within the 10 × 10 m2 plot was used for comparing with below-ground communities. Detailed measurements 
were made of stand and site characteristics on these plots [25]. Each plant recorded was characterized by its species name, 
canopy dimensions, number, and trunk circumference; habitat factors: longitude and latitude, altitude, topography, slope, 
soil type, etc. 

2.3 Vegetation diversity calculations 

Percentage cover for each plant species, calculated through visual estimation was determined. Then, the following diversity 
indexes were calculated (Magurran, 2004; Simpson, 1949) [16]: species richness (S), Shannon's index (H) [17], Simpson's 
index (D) [18], and Pielou's index (U) [19]. These four indexes were calculated for both (i) all the plant species present in 
the sampling plots considered as a whole [20] and (ii) each of the three different growth forms here considered (i.e., herbs, 
shrubs, trees) [21]. 

3. Results 
3.1 Vegetation diversity 

 
Figure 1. Mean species richness for herb, shrub, and tree layers among the different forest types. (±S.E.) Means with different letters 
are significantly different (by Fisher PLSD test, at P < 0.05) (LY, BH, HD, HZ, and HY represent forest type, LY: larch pure forest; 

BH-birch pure forest; HD: linden-Korean pine forest; HZ: oak & Korean pine forest; HY: Korean spruce & Korean pine forest). 
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The treatment groups showed (Fig. 1) similar trends during the three layers (tree, shrub, and herb layers). The species 
richness of the tree layer for the treatments was minimal. Both the shrub and herb layers treatments appeared to show an 
increase in the volume of species richness. Both the species richness of the tree and herb layers were significantly higher 
(P < 0.05) in the artificial pure forest types (LY, BH) than the original Korean pine mixed forest types (HD, HZ, and HY) 
at each sampling date. The species richness of the shrub layer was higher (P < 0.05) in the artificial pure forest types (LY, 
BH) than the original Korean pine mixed forest types (HD, HZ, and HY) at each sampling date, although differences were 
not significant (Fig. 1). 

 
Figure 2. Mean Simpson's diversity index for herb, shrub, and tree layers among the different forest types. (±S.E.) Means with dif-

ferent letters are significantly different (by Fisher PLSD test, at P < 0.05). Refer to Fig. 1 for definitions of forest types. 

 
Figure 3. Mean Shannon's diversity index for herb, shrub, and tree layers among the different forest types. (±S.E.) Means with dif-

ferent letters are significantly different (by Fisher PLSD test, at P < 0.05). Refer to Fig. 1 for definitions of forest types. 
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Mean species diversity of the three layers was similar (Shannon's index or Pielou's index) among the treatments (Fig. 2; 
Fig. 3). The Shannon's index and Pielou's index for the LY, BH, and HD treatments peaked in the shrubs layer, although 
both the indexes for the HZ and HD treatments peaked in the herb layer. 

Mean species diversity of the tree layer was similar (Shannon's index or Pielou's index) among the treatments (Fig. 2; 
Fig. 3). Both the artificial pure forest types (LY and BH) demonstrated the significantly higher (P < 0.05) level of tree 
species diversity compared with the original Korean pine mixed forest types treatments, (HD, HZ, and HY). 

Mean species diversity in both of the shrub and herb layers was similar (Shannon's index or Pielou's index) among the 
treatments (Fig. 2; Fig. 3). To compare with both the artificial pure forest types (LY and BH), the original Korean pine 
mixed forest types treatments (HD, HZ, and HY) demonstrated the significantly higher (P < 0.05) level of species diversity. 

 
Figure 4. Mean Pielou's evenness index for herb, shrub, and tree layers among the different forest types. (±S.E.) Means with differ-

ent letters are significantly different (by Fisher PLSD test, at P < 0.05). Refer to Fig. 1 for definitions of forest types. 

Mean Pielou's index of the treatment groups showed similar trends during the three layers (tree, shrub, herb layers) [22]. 
The Pielou's index of the tree and shrub layer for the treatments was approximate and the Pielou's index of the herb layer 
was minimum. 

Mean Pielou's index of both the tree and herb layers was similar among the treatments (Fig. 4). To compare with both 
the artificial pure forest types (LY and BH), the original Korean pine mixed forest types treatments (HD, HZ, and HY) 
demonstrated the significantly higher (P < 0.05) level of species evenness. 

Mean Pielou's index of the shrub layer both of the artificial pure forest types (LY and BH), demonstrated the significantly 
higher (P < 0.05) level of species evenness compared with the original Korean pine mixed forest types treatments (HZ and 
HY). However, the mean Pielou's index of the shrub layer of treatment HD was higher than treatment BH, although lower 
than treatment LY. 

3.2 Microbial community catabolic profile 
The AWCD of surface soil, 0-10cm soil, and 10-20cm soil showed similar time trends among the treatments showed a 
gradual growth [23, 24]. Metabolic speed assessment was using kinetics of AWCD values (Fig. 5) which were significantly 
higher for the original Korean pine mixed forest types treatments (HD, HZ and HY) than the artificial pure forest types 
(LY and BH) from the soil of surface to 10-20 cm layers. Furthermore, trend curves of treatments showed statistically 
lower metabolic speed for the soil of surface than in-depth 0-10 cm and 10-20 cm in all sampling times. These data of 
logarithmic growth from 72 h were used to calculate the functional diversity [25]. 

Biolog data from the five sites were subjected to PCA (Fig. 6a). PC1, PC2 and PC3 accounted for 66.28%, 14.46% 
and11.20% of total variation respectively, while their eigenvalues were 20.55, 4.48 and 3.47 respectively. PC1 differed 
LY from the other four forest types (P < 0.05). PC2 differentiated BH from the other four forest types (P < 0.05). PC3 
differed HY and HZ from the other three forest types (P < 0.05). Cluster analysis of Biolog data (Fig. 6b) showed that the 
microbial community structure beneath LY was different from those beneath the other forest types [26]. 
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Figure 5. Kinetics of AWCD (mean average values, n = 3) of each sampling time. Refer to Fig. 1 for definitions of forest types. 0: sur-

face soil, 10: 0-10 cm soil, and 10: 10-20 cm soil. 

 
a. Biolog PCA. 
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b. Cluster tree. 

Figure 6. Classification of treatments by principal component analysis (PCA). Refer to Fig. 1 for definitions of forest types. 

4. Discussion 
Using the important value can estimate both Shannon and Simpson diversity while Pieloub equability are useful tool to 
indicate areas having large and small diversity, though it may seem a controversial one (Figs. 2-4) [27, 28]. In our experi-
ment, species richness and floristic diversity were significantly higher in natural than artificial plots at each sampling date 
[29]. 

Different research methods usually lead to varied results which were also found in this study when characteristics of 
soil microbial community were assessed with different analytical techniques [30, 31]. As a result of the soil microorganism, 
multiple selections for the C compounds on BIOLOG ECO plates soil microorganism from five different forest types and 
soil layers did have a different selection for a few C compounds on BIOLOG ECO plates (Fig. 5; Fig. 6). These findings 
coupled with the change in microbial C-to-N ratio with soil type and treatment suggested that the composition of the 
microbial communities had changed. However, with current BIOLOG ECO plate techniques, it is very difficult to detect 
any changes in the total numbers of C compounds utilized and even more difficult to predict the effect that these changes 
may have on long-term soil sustainability. Strong seasonal dynamics of microbial biomass and inconsistency of microbial 
selections for C compounds will limit the use of microbial assessments as criteria for long-term soil sustainability 
assessments [32]. 

References 
[1] Alewell, C., Manderscheid, B. (1998). Use of objective criteria for the assessment of biogeochemical ecosystem models. Ecol. Model., 

107 (2-3), 213-224. 
[2] Anselin, A., Meire, P.M., Anselin, L. (1989). Multicriteria techniques in ecological evaluation: an example using the analytical hierarchy 

process. Biol. Conserv., 49 (3), 215-229. 
[3] Bardgett RD, Shine A. (1999). Linkages between plant litter diversity, soil microbial biomass, and ecosystem function in temperate 

grasslands. Soil Biol Biochem., 31:317-321. 
[4] Bargett, D., Shine, A. (1999). Linkages between plant litter diversity, soil microbial biomass and ecosystem function in temperate grass-

lands. Soil Biology & Biochemistry, 31. 
[5] Bartelt-Ryser J, Joshi J, Schmid B, Brandl H, Balser T. (2005). Soil feedbacks of plant diversity on soil microbial communities and 

subsequent plant growth. Perspect Plant Ecol Evol Syst., 7:27-49. 
[6] Bezemer TM, et al. (2006). Plant species and functional group effects on abiotic and microbial soil properties and plant-soil feedback 

responses in two grasslands. J Ecol., 94:893-904. 
[7] Binkley D, Giardina C. (1998). Why do tree species affect soils? The warp and woof of tree-soil interactions. Biogeochemistry, 42:89-

106. 



Qingming Tang, Li Zou, Lei Wang, Siyu Liang 
 

 

DOI: 10.26855/abr.2024.06.005 37 Advance in Biological Research 
 

[8] Bockelmann, B.N., Fenrich, E.K., Lin, B., et al. (2004). Development of an ecohydraulics model for stream and river restoration. Ecol. 
Eng., 22, 227-235. 

[9] Bolton, H., Frederickson, J.K., Elliot, L.F. (1992). In: Microbial ecology of the rhizosphere. Metting, F.B. (Ed.), Soil Microbial Ecology. 
Marcel Dekker, New York, pp. 27-63. 

[10] Bowen, G.D., Rovira, A.D. (1991). The rhizosphere, the hidden half of the hidden half. In: Waisel, Y., Eshel, A., Kafkafi, U. (Eds.), Plant 
Roots: The Hidden Half. Marcel Dekker Inc. New York, pp. 641-649. 

[11] Bowen, G.D., Rovira, A.D. (1999). The rhizosphere and its management to improve plant growth. Advances in Agronomy, pp. 1-102. 
[12] Buyer J S, Drinkwater L E. (1997). Comparison of substrate utilization assay and fatty acid analysis of soil microbial communities. J 

Microbiol Meth, 30: 3-11. 
[13] C.B. Li. (1990). Ecological study of Sichuan forest, Sichuan Publishing House of Science and Technology, Chengdu, 1990. 
[14] Chapin, F.S., III, Zavaleta, E.S., Eviner, V.T., Naylor, R.L., Vitousek, P.M., Reynolds, H.L., et al. (2000). Consequences of changing 

biodiversity. Nature, 405: 234-242. 
[15] Curl, E.A., Truelove, B. (1986). In: Curl, E.A., Truelove, B. (Eds.), The Rhizophere. Springer, New York, p. 288. 
[16] Diakoulaki, D., Mavrotas, G., Papayannakis, L. (1995). Determining objective-weights in multiple criteria problems: the critic method. 

Comput. Oper. Res., 22 (7), 763-770. 
[17] Dornbush ME. (2007). Grasses, litter, and their interaction affect microbial biomass and soil enzyme activity. Soil Biol Biochem., 

39:2241-2249. 
[18] Embley T M, Finlay B J. (1994). The use of small subunit rRNA sequences to unravel the relationships between anaerobic ciliates and 

their methanogen symbionts. Microbiology, 140: 225-235. 
[19] Garland, J.L., Mills, A.L. (1991). Classification and characterization of heterotrophic microbial communities on the basis of patterns of 

community-level sole-carbon-source-utilization. Applied and Environmental Microbiology, 57, 2351-2359. 
[20] Garland, J.L. (1996). Analytical approaches to the characterization of samples of microbial communities using patterns of potential C 

source utilization. Soil Biology & Biochemistry, 28, 213-221. 
[21] Geraghty, P.J. (1993). Environmental assessment and the application of expert system: an overview. J. Environ. Manage., 39 (1), 27-38. 
[22] Grayston, S.J., Campbell, C.D. (1996). Functional biodiversity of microbial communities in the rhizosphere of hybrid larch (Larix euro-

lepsis) and Sitka spruce (Picea sitchensis). Tree Physiology, 16, 1031-1038. 
[23] Grayston, S.J., Vaughan, D., Jones, D. (1996). Rhizosphere carbon flow in trees, in comparison with annual plants: the importance of 

root exudation and its impact on microbial activity and nutrient availability. Applied Soil Ecology, 5, 29-56. 
[24] Hamilton EW, Frank DA. (2001). Can plants stimulate soil microbes and their own nutrient supply? Evidence from a grazing tolerant 

grass. Ecology, 82, 2397-2402. 
[25] Hotanen, J.P., Nousiainen, H. (1990). Metsa È-ja suokasvillisuuden numeerisen ryhmittelyn ja kasvupaikkatyyppien rinnastettavuus. 

Summary: The parity between numerical units and site types of forest and mire vegetation. Folia Forestalia, 763, 1-54 (in Finnish with 
English summary). 

[26] J.W. Doran, M. Sarrantonio, M.A. Liebig. (1996). Soil health and sustainability. Advances in Agronomy, 56 (1996), 1-54. 
[27] Kent, M., Coker, P. (1992). Vegetation Description and Analysis. A Practical Approach. Belhaven Press, London. 
[28] Klungboonkrong, P., Taylor, M.A.P. (1998). Amicrocomputer-based-system for multicriteria environmental impacts evaluation of urban 

road networks. Comput. Environ. Urban Syst., 22 (5), 425-446. 
[29] Knops JMH, Bradley KL, Wedin DA. (2002). Mechanisms of plant species impacts on ecosystem nitrogen cycling. Ecol Lett., 5:454-

466. 
[30] Liu Na. Simulation of the Impact of Forest Succession and Climate Change on Carbon Cycle [D]. Northeast Forestry University, 2024. 

DOI: 10.27009/d.cnki.gdblu.2023.000020. 
[31] Wang Yujiao. The effect of mixed walnut and red pine on soil characteristics and fine root traits [D]. Northeast Forestry University, 2021. 

DOI: 10.27009/d.cnki.gdblu.2021.000151. 
[32] Zhu Yupeng. Study on plant diversity of typical broad-leaved Pinus koraiensis forest communities in Northeast China. Journal of Hei-

longjiang Ecological Engineering Vocational College, 2020, 33 (06): 24-29. 


