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Highlights   

• Distinct bacteria and fungi were in Stellera and Elymus soils.  

• Soil properties under Stellera and Elymus were different 

• Significantly greater Actinobacteria and Verrucomicrobia bacteria were in 

Stellera soils 

• Significantly greater Basidiomycota and Glomeromycota fungi were in Stellera 

soils 

 

ABSTRACT 

 

Stellera chamaejasme L. is a fast-spreading unpalatable poisonous plant that 

grows in the alpine grasslands of the Qinghai-Tibetan Plateau (QTP). The impacts of 

unpalatable plant species spread on animal health and plant community have been well 

studied, but studies into their effects on belowground organisms and processes are rare. 

We carried out a soil metabarcoding study using Illumina MiSeq sequencing to 

investigate whether the soil bacteria and fungi communities of Stellera are different to 

the soil microbiome of neighboring palatable grass Elymus nutans Griseb. Total carbon 

and nitrogen, the ratio of carbon to nitrogen, ammonium nitrogen, and microbial 

biomass carbon were all significantly greater in Stellera soil compared to Elymus soil, 

while no significant differences were observed for gravimetric soil moisture, pH or 

nitrate nitrogen. There were no significant differences in bacterial and fungal abundance 

between Stellera and Elymus soil. The bacterial species richness was significantly lower 
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in Stellera soil but no significant difference was observed for fungal species richness. 

The beta diversity and community composition of bacteria and fungi were markedly 

different between soils. The presence of bacterial phyla Actinobacteria and 

Verrucomicrobia, and fungal phyla, Basidiomycota and Glomeromycota, were 

significantly greater under Stellera soil. This study demonstrated that the spread of 

undesirable unpalatable plants can potentially disrupt existing plant-soil-microbe 

associations with potential consequences for grassland soil biodiversity and ecosystem 

functioning. 

Key words: Poisonous plants; soil microbial communities; Stellera chamaejasme; 

Elymus nutans 

 

INTRODUCTION  

 

A greater proportion of unpalatable poisonous plants in the vegetation can have a 

profound impact on both livestock health and grassland productivity (Zhang et al., 

2017). The impacts of unpalatable plant spread on animal health (Holechek, 2002), 

plant community characteristics and grassland degradation have been well studied and 

defined (Gao et al., 2019; Wu et al., 2015), but studies on their effects on belowground 

organisms and processes are rare and, hence, poorly understood (Sanon et al., 2009). 

Such studies are important because plant species can have a significant influence on 

below ground processes such as soil carbon sequestration (Lange et al., 2015), soil 

nitrogen transformations and soil physical and chemical properties (Groenigen et al., 
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2015; Schlatter et al., 2015; Gould et al., 2016). 

In recent years, the rapid spread of unpalatable plants into alpine grasslands in the 

Qinghai-Tibetan Plateau (QTP) in China has resulted in a serious threat to plant 

community diversity and productivity (Shi, 1997; Wang et al., 2015) The spread of 

unpalatable plants in the alpine grasslands of the QTP is thought to be due to ongoing 

grassland degradation triggered by climate change (Li et al., 2014; Ganjurjav et al., 

2016), frequent freeze and thaw cycles and human disturbances such as overgrazing by 

domestic animals (Shang and Long, 2007; Valkó et al., 2016). In fact, some reports 

suggest about 90% of grassland on the QTP has been degraded, and 35% has been 

seriously degraded into a so-called "black soil beach" covered only by unpalatable 

poisonous plants (Dong et al., 2012). Although they are associated with the degradation 

of grasslands, it should be noted that the ability of most unpalatable poisonous plants 

to endure adverse growth environments is considered beneficial for restoration of 

degraded grassland because it can prevent desertification and complete collapse of the 

grassland ecological environment (Callaway et al., 2005).  

Stellera chamaejasme (henceforward Stellera), known as Duanchangcao in 

Chinese, is one of the common unpalatable poisonous plants that is wide spreading in 

alpine grasslands in the QTP (Zhao et al., 2010). It is a perennial herbaceous plant 

belonging to the Thymelaeaceae family that produces toxins in both above ground 

herbage and roots (Shi, 1997). The plant releases an odor that deters livestock, resulting 

in the rapid replacement of palatable species (Liu et al., 2004). It is now recognized that 

Stellera spread into the natural grasslands of the QTP is a serious threat to grassland 
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productivity, on the other hand, it’s reported can provide benefits to the environment by 

Stellera expansion as well as, such as the ability on reducing N2O emissions potentially 

(Ma et al., 2020) and improving soil nutrient levels (Sun et al., 2009). Hence, it was 

recognized widely as a major challenge for conservation and ecological sustainability 

(Liu et al., 2004; Xing et al., 2002).  

Sun et al. (2009) examined changes in soil nutrients, carbon and nitrogen pool 

sizes and turnover rates caused by the spread of Stellera under two topographic habitats 

in an alpine meadow ecosystem on the Tibetan Plateau of China. Their study revealed 

that Stellera patches create islands of fertility (i.e. greater soil nutrient availability), 

which promotes its establishment and spread within the alpine meadows. In addition to 

higher total nutrient pools, soil microbial biomass, the cycling of carbon and nitrogen, 

and the availability of nitrogen were all higher within Stellera patches. As the 

composition, diversity and function of soil microbial communities play a significant 

role in soil biogeochemical processes (Miransari, 2013), we hypothesize that the root 

zone of Stellera plant patches may be colonized by a different microbial community to 

that of neighboring palatable plant species. Therefore, we carried out a soil 

metabarcoding study using Illumina MiSeq sequencing analysis to investigate the soil 

bacteria and fungi in the root zone soils of Stellera. To establish differences between 

Stellaria and palatable species we compared the microbiome of Stellera soil to that of 

the palatable grass Elymus nutans (henceforward Elymus), a dominant perennial forage 

grass that grows naturally in the alpine meadow grasslands of the QTP.  
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MATERIALS AND METHODS 

 

Study area  

Soil sampling of Stellera and Elymus patches was carried out in an alpine meadow 

grassland at the Azi Research station in Maqu county (33° 59' N, 102°00' E, 3500 m 

a.s.l.) on the eastern QTP. Mean annual precipitation at the site is 620 mm and mean 

annual temperature is 1.2 ℃. The grassland is generally grazed year-round by yak. The 

soil type of the grassland is Mattic Cryic Cambisols (alpine meadow soil, Cambisols in 

FAO/UNESCO taxonomy). The dominant palatable plants in the vegetation are Elymus, 

Kobresia graminifolia C. B. Clarke, Poa annua L., Koeleria macrantha Schultes and 

Poa poophagorum Bor. The dominant unpalatable poisonous plants at the site include 

Stellera, Ligularia virgaurea (Maxim.) and Thermopsis lanceolate R. Br. (Xie et al., 

2014; Sun, 2015). 

 

Soil sampling 

 

During the peak plant growth period in August 2018, Stellera and Elymus patches 

(0.5 m x 0.5 m) were identified in 6 areas (each area approximately 50 m x 50 m) of the 

grassland. The selected areas were approximately 20-50 m apart, and the coverage of 

target plant was over 95% on each patch of targeted plant. Soil cores were collected 

from randomly identified Stellera and Elymus patches in each area. In each patch, after 

removing above ground herbage, a root zone soil sample was taken from the middle of 
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the patch using a 10 cm diameter soil corer to a depth of 10 cm. In total there were 12 

soil samples (2 plant species x 6 replicates). After removing roots, litter, stones and 

other debris, the fresh soil sample was passed through a 2 mm sieve. The sample was 

then divided into three sub samples and transfer to lab within 24 h for analysis, for soil 

moisture determination, for soil chemical analysis (stored at 4 ℃) and for the soil 

microbial analysis (stored at -20 ℃). The soil microbial analysis was carried out using 

only 3 replicate samples due to minimize sequencing costs.  

 

Soil physiochemical analysis 

 

Gravimetric soil moisture content was determined by drying to a constant weight 

at 105 ℃ in an electrothermal blowing oven (DHG - 9240 - a, Shanghai Jing Macro, 

Shanghai, China). Soil pH was determined using a slurry of soil-to-water ratio 1:5 with 

a pH meter (PE-10, Sartorious, Germany). Total soil carbon (TC) and total soil nitrogen 

(TN) was determined using an elemental analyzer (Elementar Vario EL/micro cube, 

Hanau, Germany). Soil ammonium nitrogen (NH4
+-N) and nitrate nitrogen (NO3

--N) 

were measured using the soil extracts collected by mixing 5 g soil with 50 mL 2 M KCl 

and shaking for 60 minutes. The extracts were filtered with 0.45 μm filter and the NH4
+-

N and NO3
--N of the extracts were analyzed colorimetrically as described by He et al. 

(2017) using an ultraviolet spectrophotometer (Cary 6 UV-Vis, Agilent Technologies, 

USA). Soil microbial biomass carbon (MBC) was determined according to the 

procedure of Vance et al. (1987). 
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Soil microbial community analysis  

 

Soil DNA extraction  

Total soil genome DNA from three replicate fresh soil samples was extracted from 

0.5 g soil using a FastDNA ® spin kit (MP Biomedicals, Santa Ana, CA, USA) 

according to the manufacturer’s instructions. Cell lysis was performed by vigorous 

shaking in a Bioprep-24 Homogenizer (MP Biomedicals, Ohio, USA) at an intensity of 

6 m ·s-1 for 45s. The extracted DNA was dissolved in 100 μL of the DNA elution 

solution. DNA quantity and purity were determined using Nanodrop® ND-1000 UV-

visible spectrophotometer (Nanodrop technologies, Delaware, USA) and stored in a - 

20℃ freezer until required for further analysis.  

Microbial community abundance analysis  

The absolute abundance of the microbial community was measured by quantitative 

real-time polymerase chain reaction (qPCR) using a CFX96TM Thermal Cycler (Bio-

Rad laboratories, Hercules, USA) targeting the 16S rDNA gene for bacteria and the 18S 

rDNA gene for fungi. Quantification was performed in triplicate using a 20 μL reaction 

mixture with TB Green premix Ex Taq (TaKaRa Biotech, Dalian, China), Forward and 

Reverse primers were 515F and 907R targeted 16S, FF390 and FR1 targeted 18S 

respectively, and sterile ultra-pure water. The details of primers and thermal cycle 

condition are described in Table 1. The standards were generated by 10-fold dilutions 

of plasmids containing targeted gene fragments. 
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(Table 1) 

Microbial composition analysis  

The Illumina MiSeq sequencing libraries for bacteria and fungi were prepared by 

PCR (Table 1). The PCR amplicons were purified with Agencourt AMPure Beads 

(Beckman Coulter, Indianapolis, IN, USA) and quantified using the PicoGreen dsDNA 

Assay Kit (Invitrogen, Carlsbad, CA, USA). After the individual quantification step 

paired-end 2x300 bp sequencing was performed using the Illumina MiSeq platform 

with MiSeq Reagent Kit v3 at Shanghai Personal Biotechnology Co., Ltd (Shanghai, 

China). 

The Quantitative Insights Into Microbial Ecology (QIIME, v1.8.0) pipeline was 

employed to process the sequencing data (Caporaso et al., 2009). The sequencing 

processing was as described in Kang et al. (2021). High-quality sequences were 

clustered into operational taxonomic units (OTUs) at 97% sequence identity using 

UCLUST software (Edgar, 2010). OTUs containing less than 0.001% of total sequences 

across all samples were discarded.  

The rarefied OTUs matrix at a consistent sequencing depth was used to identify 

composition and diversity. The relative abundance distribution of Phylum, Class, Order, 

Family and Genus in each sample was used to describe microbial community 

composition. Alpha diversity (diversity within each sample) of soil bacterial and fungal 

communities was tested using the Chao 1 and ACE (Richness) and Shannon and 

Simpson diversity indices (Evenness) using QIIME software (Kuczynski et al., 2012). 

Beta diversity (dissimilarity of community structure between samples) of the 
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communities and their relationship to soil properties were assessed by principal 

component analysis using a weighted UniFrac distance matrix in R software (R Core 

Team, 2016).  

 

Statistical analysis  

 

Mann-Whitney U test was used to compare the relative abundance of bacterial and 

fungal phyla, genera and the soil parameters in Stellera and Elymus soils, P ≤ 0.05 was 

recognized sstatistically significant. The difference between microbial communities 

between Stellera and Elymus soils was statistically tested by ANOSIM (analysis of 

similarities) at OUT level with 999 permutations using QIIME software.  

 

Nucleotide sequence accession numbers 

 

The nucleotide sequences from this study have been deposited in the NCBI 

GenBank under the SRA accession PRJNA589249. 

 

RESULTS 

 

Soil physicochemical properties 

 

There were no significant differences in gravimetric soil moisture, pH and NO3
--
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N, between Stellera and Elymus soils. The TC, TN, C/N, NH4
+-N and MBC were 

significantly higher (P < 0.05) in Stellera soil compared to Elymus soil (Table 2).  

 

Soil microbial community abundance  

 

There were no significant differences in bacterial and fungal abundance between 

Stellera and Elymus soil (Table 2) 

(Table 2) 

 

Soil microbial community diversity and composition  

 

Soil bacterial community diversity and composition of Stellera and Elymus soils 

were assessed by a total of 125, 517 high quality sequencing reads with an average read 

of 20920 per replicate sample. A total of 9694 bacterial operational taxonomic units 

(OTUs) were detected in this study. Of these, 3584 were shared by Stellera and Elymus 

soils; 3288 were unique to Elymus soil and 2822 were unique to Stellera soil.  

Soil fungal community diversity and composition of Stellera and Elymus soils 

were assessed by a total of 234596 high quality sequencing reads with an average read 

of 39099 per replicate sample. A total of 2609 fungal OTUs were detected in this study. 

Of these, 625 were shared by Stellera and Elymus soils; 1122 were unique to Elymus 

soil and 862 were unique to Stellera soil. 

The rarefaction analysis of richness index; Chao1 (Fig. 1), showed a saturation of 
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the rarefaction curves for bacteria and fungi indicating the sequencing depth in our 

study was sufficient to capture the characteristics of the soil microbial communities. 

Both rarefaction curves, for the bacteria and fungi, tended to be consistently lower for 

Stellera soil indicating a lower diversity compared to Elymus soil. Differences in alpha 

diversity indices - species richness (Chao1 and ACE) and evenness (Simpson and 

Shannon-wiener) - are shown in Table 3. Bacteria richness were significantly lower 

(P<0.05) in Stellera compared to Elymus soils but no significant difference was 

observed for fungal species richness. There were no significant differences between the 

two soils for Simpson and Shannon diversity indices for bacteria or fungi.  

(Fig. 1) 

(Table 3) 

Beta diversity, explored using PCA analysis, clearly indicated dissimilar bacterial 

and fungal communities for Stellera and Elymus soils (Fig. 2). The first and second axis 

of PCA ordination plots explained the variation of 76.9 and 13.9 % for bacteria (Fig. 

2a) and 96.92 and 1.27 % for fungi (Fig. 2b) respectively. The PCA analysis also 

showed that apart from NO3
--N, all other measured soil properties were positively 

related to the Stellera bacterial and fungal communities. 

(Fig. 2) 

The top 10 dominant bacterial and fungal phyla found in Stellera and Elymus soils 

are shown in Table 4 and 5. The prominent bacterial and fungal phyla in both Stellera 

and Elymus soils were similar (Table 4, 5). The most abundant bacterial phyla in 

Stellera soil was Actinobacteria (46%) while both Actinobacteria (29%) and 
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Proteobacteria (29%) were dominant in Elymus soil. The relative abundance of bacterial 

phyla Actinobacteria and Verrucomicrobia were significantly higher in Stellera soil 

while Proteobacteria, Bacteroidetes, and Firmicutes were significantly lower in Stellera 

soil (Table 4). The relative abundance of bacterial phyla Acidobacteria, Chloroflexi, 

Planctomycetes, Gemmatimonadetes and Nitrospirae were not significantly different 

between the two soils (Table 4).    

(Table 4) 

Ascomycota was the dominant fungal phylum in both soils. The relative 

abundance of the fungal phyla Basidiomycota and Glomeromycota were significantly 

higher in Stellera soil while the relative abundance of the fungal phyla 

Mortierellomycota, Rozellomycota, Chytridiomycota, Olpidiomycota and 

Blastocladiomycota and GS19 were significantly lower in Stellera soil. The relative 

abundance of Ascomycota and Mucoromycota were not significantly different between 

the two soils (Table 5).    

(Table 5) 

At lower taxonomic levels, we examined differences among the most abundant 20 

bacterial and fungal genera (Fig. 3) identified in Stellera and Elymus soils. In Fig. 3, 

the genera were ordered by their abundance in Stellera soil. The bacterial genera 

Solirubrobacter, RB41 and Peseudonocardia were the most abundant in Stellera soil 

and their abundance was significantly greater than in Elymus soil. The least abundant 

bacterial genera (among the top 20 genera) in Stellera soil (Brevundimonas, 

Chryseobacterium and Flavobacterium) were more abundant in Elymus soil (Fig. 3a).  
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Among the top 20 fungal genera, the abundance of 15 genera was significantly 

different between the two soils, 8 genera had significantly higher and 7 significantly 

lower abundance in Stellera soil compared to Elymus soil (Fig. 3b). The fungal genera 

Archaeorhizomyces, Melanospora and Didymella were the most abundant in Stellera 

soil and their abundance was significantly higher than in Elymus soil. The least 

abundant bacterial genera (among the top 20 genera) in Stellera soil (Schizothecium, 

Plectosphaerella and Wardomyces) were significantly more abundant in Elymus soil 

(Fig. 3b). The fungal genus Microglossum was only found in Stellera soil. 

(Fig. 3) 

 

DISCUSSION 

 

Our study contributes evidence towards demonstrating that soil microbial 

community composition is closely associated with the identity of associated plant 

species (Zheng et al., 2016; DeSouza et al., 2017; Haruna et al., 2018). More 

importantly, our study demonstrated the soil bacterial and fungal community associated 

with Stellera and Elymus were different. The differences in soil properties (Table 2 and 

Fig. 2), litter decomposition (Hobbie, 2015), together with different quantity and quality 

of root exudations (Sun et al., 2009; Guo et al., 2019; Brunel et al., 2019) are likely the 

reasons for the different soil microbial community found in Stellera patches. The alpha 

diversity indices and the rarefaction analysis (Fig. 1) indicated microbial species 

richness was lower under Stellera patches, perhaps due to the biological inhibition of 
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certain microbial groups by the toxic carbon compounds released by Stellera root 

exudates (Guo et al., 2015). In our study only 37% and 24% of bacterial and fungal 

OTUs respectively, were shared between Stellera and Elymus soils, while this value 

may rise slightly as the sample size increases. The dissimilarity of the soil microbial 

community composition was further highlighted by the PCA analysis (Fig. 2). 

Our results are consistent with Sun et al., (2009) who found significantly different 

soil properties under Stellera patches compared to cooccurring species in an alpine 

grassland in the eastern Tibetan plateau. As regards our hypotheses, we found total soil 

carbon, total soil nitrogen, the ratio of carbon to nitrogen, soil microbial biomass and 

the diversity and identity of the soil microbial community were significantly different 

underneath Stellera patches compared to adjacent Elymus patches. As pointed out by 

Sun et al. (2009), the soil carbon, nitrogen and microbial biomass differences may have 

been driven by the higher above ground litter production and litter quality of Stellera. 

Other studies have also shown that high aboveground litter production can contribute 

to high nitrogen and carbon, and higher turnover rate of soil nutrients (Berendse et al., 

1987; Koukoura et al., 2003). Stellera can transfer soil nutrients to deeper soil layers 

through its long and widely distributed root system resulting in a "fertility island" effect; 

this results in improved soil nutrient availability and gives Stellera a competitive 

advantage over neighboring plant species leading to expansion of Stellera in the 

grassland community (Sun et al., 2009).  

The bacterial community of Stellera was dominated by members of the 

Actinobacteria (47%) phylum (Table 4). Actinobacteria was also dominant in Elymus 
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but its relative abundance was 18% lower compared to Stellera soil. A study using 28 

soils from a broad range of ecosystems in North America by Ramirez et al. (2012) found 

a positive relationship between Actinobacteria and nitrogen amendment, suggesting this 

was a major reason for the greater abundance of Actinobacteria. The ability to produce 

antibacterial substances by Actinobacteria may have contributed to the lower microbial 

diversity in Stellera soil (Miao and Davis, 2010). Jin et al. (2018) found Actinobacteria 

and Proteobacteria were dominant in rhizosphere and root communities in Stellera 

plants collected along an altitude gradient of 3664 m to 4741 m in the Tibetan Plateau. 

However, we found both Proteobacteria and Bacteroidetes were significantly lower in 

Stellera soil. This finding was surprising as both these phyla are widely considered to 

have a copiotroph life strategy, preferentially consuming labile soil organic carbon and 

having high nutritional requirements and growth rates (Fierer et al., 2007). Given the 

high nutrient availability, organic carbon and nitrogen levels and greater net 

mineralization in Stellera soil (Sun et al., 2009), we would expect these two phyla to 

be more abundant in Stellera soil compared to Elymus soils.  

It is well recognized that the abundance of the Phylum Acidobacteria is pH 

dependent (Sait et al., 2006), and in our study, soil pH was not significantly different 

between the two soils and the relative abundance of Acidobacteria between the two soils 

was also not significantly different (Table 2, 5). Acidobacteria are ubiquitous in many 

environments suggesting they have a wide tolerance for different conditions (Eichorst 

et al., 2018).  

Soil fungi contribute to multiple biological functions including carbon and 
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nitrogen cycles and soil health (Frąc et al., 2018). Plant community diversity in 

grasslands can have significant influence on the soil fungal community (Chen et al., 

2017; Li et al., 2018). In our study we found overall fungal community composition 

was different between Stellera and Elymus soils (Fig. 3b). The fungal phylum 

Ascomycota was the most dominant (average 78%) in both soils. This is consistent with 

the study of Chen et al. (2017) who found Ascomycota dominant in 312 soil samples 

collected from 52 sites of meadow steppe, typical steppe, desert steppe and deserts of 

Northern China. At the phylum level, the relative abundance of Ascomycota was not 

significantly different between two soils but at the lower taxonomic level a number of 

Ascomycota genera had significantly different abundance between the soils as did a 

number of less dominant fungal phyla (Table 5). Basidiomycota, which are generally 

considered to be important decomposers (Štursová et al., 2012), were more abundant 

in Stellera soil which is consistent with the greater input of litter in Stellera patches. 

The phylum Glomeromycota, of which most members are arbuscular mycorrhizal fungi 

(AMF), was more abundant in Stellera soil. While both Elymus and Stellera plants form 

AMF associations (Wang et al., 2019), greater resource availability might have resulted 

in increased AMF associations in Stellera soil. In our study Archaeorhizomyces was the 

most abundant fungal genera in both soils with significantly greater numbers in Stellera 

soil. The plant growth promoting capability of Archaeorhizomyces may play a role in 

the competitive success of Stellera in this grassland community (Zhang et al., 2018).  

 

IMPLICATIONS  
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Our results demonstrate that changes in the botanical composition of natural 

grassland can potentially change existing plant-soil-microbe associations with potential 

consequences for ecosystem functioning (Ma et al., 2020). This study also provides 

important information on controls on soil biodiversity in natural grasslands. Wolf and 

Klironomos (2005) argued that land managers should consider incorporating 

information on below ground traits such as soil biota in the restoration process 

following plant invasions, and suggest monitoring the structure and function of the soil 

microbial community in relation to a benchmark community, such as the community 

that existed before exotic plant invasion, or nearby communities where invasion has not 

occurred. Here we provide the information necessary to develop such an approach for 

one of the fastly spreading undesirable plants in alpine grasslands in the QTP that 

threatens grazing land’s productivity. In this study we focused only on the soil microbial 

impact during the peak growth period of plants, but it is important to explore temporal 

responses in future studies. 

 

CONCLUSIONS 

 

Characterization of the soil microbes of Stellera and Elymus root zone soils in the 

QTP revealed distinct differences in the composition and diversity of bacteria and fungi. 

These differences in microbial communities likely arise from both the direct and 

indirect effects of the two plant species. This study provides direct evidence of the 
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consequences of undesirable plant spread in grasslands on soil biodiversity. 
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List of figure captions 

Fig. 1. Rarefaction analysis of richness index; Chao1 in soils originating under Stellera 

or Elymus 

 

Fig. 2. Principal component analysis (PCA) of soil microbial communities and soil 

environment factors  

 

Fig. 3. Relative abundance of soil microbial genera in soils originating under Stellera 

or Elymus. *indicates statistical significance at P<0.05

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 September 2021                   doi:10.20944/preprints202109.0128.v1

https://doi.org/10.20944/preprints202109.0128.v1


28 

 

Table 1 Quantitative PCR thermal cycle conditions and primer details 

 

 

  

Gene Primer Sequence (5′–3′) Thermal cycles profile References 

16S rDNA 515F 

907R 

GTGCCAGCMGCCGCGG 

CCGTCAATTCMTTTRAGTTT 

94°C,2min;20cycles(94°C,45s; 55°C,45s,72,1min); 

72°C,6min 

(Großkopf et al. 

1998) 

18S rDNA FF390 

FR1 

CGATAACGAACGAGACCT 

AICCATTCAATCGGTAIT 

95 °C,8min; 30cycles(95 °C,30s; 50°C,45s; 72 °C,2min); 

72 °C,10min 

(Chu et al. 2011) 
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Table 2 Differences of soil physicochemical properties and soil microbial community abundance in soils originating under Stellera or Elymus. 

Different lowercase letters indicate statistical significance at P<0.05 

 

 

 

Plant Moisture  

(%) 

pH TN  

(g·kg-1) 

TC  

(g·kg-1) 

C/N MBC  

(mg·kg-1) 

NH4
+-N 

(mg·kg-1) 

NO3
--N 

(mg·kg-1) 

Bacteria  

(lg·copies·g-1) 

Fungi  

(lg·copies·g-1) 

Elymus 51.83±1.13a 5.73±0.14a 5.3±0.27b 60.02±2.27b 11.38±0.36b 479±64b 22.82±3.51b 20.92±2.35a 8.66±0.08a 8.01±0.04a 

Stellera 53.80±2.97a 5.97±0.08a 7.32±0.33a 105.65±11.82a 14.4±1.41a 1177±276a 43.21±4.13a 16.47±1.7a 8.18±0.19a 7.85±0.13a 
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Table 3 Differences of soil microbial alpha diversity in soils originating under Stellera 

or Elymus. Different lowercase letters indicate statistical significance at P<0.05 within 

bacteria and fungi. 

 

 

 

Index Bacteria Fungi 

Elymus Stellera Elymus Stellera 

Chao1 4157±92a 3422±71b 784.33±84.94a 726±66a 

ACE 4379±90a 3449±72b 784.33±84.94a 729±68a 

Simpson 0.9976±0.0006a 0.9977±0.0001a 0.9714±0.0072a 0.9531±0.0125a 

Shannon-wiener 10.50±0.19a 10.49±0.07a 6.85±0.29a 6.26±0.39a 
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Table 4 Differences of relative abundance of soil bacterial phyla in soils originating 

under Stellera or Elymus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phylum Elymus (%) Stellera (%) P value 

Actinobacteria 28.95±3.71 46.93±3.61 0.026 

Proteobacteria 29.57±2.55 19.8±0.89 0.022 

Acidobacteria 15.52±1.39 13.73±1.45 0.423 

Chloroflexi 5.65±0.4 5.75±0.42 0.869 

Bacteroidetes 6.88±0.73 2.25±0.42 0.005 

Planctomycetes 3.42±0.43 3.45±0.12 0.951 

Gemmatimonadetes 3.38±0.62 2.37±0.39 0.242 

Nitrospirae 2.18±0.07 1.72±0.21 0.103 

Firmicutes 1.63±0.07 1.11±0.04 0.002 

Verrucomicrobia 0.85±0.09 1.24±0.07 0.028 
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Table 5 Differences of relative abundance of soil fungal phyla in soils originating under 

Stellera or Elymus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phylum Elymus (%) Stellera (%) P value 

Ascomycota 79.16±1.63 77.09±6.43 0.771 

Basidiomycota 4.89±0.54 11.3±0.55 0.001 

Mortierellomycota 2.23±0.07 1.14±0.15 0.003 

Rozellomycota 1.49±0.08 0.74±0.13 0.007 

Chytridiomycota 0.72±0.11 0.19±0.01 0.043 

Olpidiomycota 0.45±0 0.06±0.01 0.000 

Mucoromycota 0.26±0.03 0.2±0.03 0.277 

Blastocladiomycota 0.33±0.06 0±0 0.005 

Glomeromycota 0.08±0.01 0.16±0.01 0.010 

GS19 0.23±0.02 0±0 0.001 
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Fig. 1. 
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Fig. 2.  
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Fig. 3.  
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