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Abstract
Taking Caragana brachypoda shrubs in the desert area of Inner Mongolia as
the research object, field survey methods were used to analyze the effects of
shrubs on plant communities, and traditional culture methods combined with
molecular identification techniques were used to analyze the effects of shrubs
on soil microbial communities. The results showed that: (1) The abundance
and total biomass of plant communities within shrubs were significantly greater
than those outside shrubs, but there was no significant difference in species
richness and Shannon-Wiener index between inside and outside shrubs; (2) With
increasing soil depth, there was no significant difference in culturable bacterial
abundance and fungal abundance between surface soil and deep soil, while all
other soil microbial community diversity characteristics showed that surface soil
was significantly greater than deep soil; (3) Shrubs had a positive effect on soil
microbial communities, and the positive effect was greatest in surface soil; (4)
The promoting effect of shrubs on plant communities was greater than that on
soil microbial communities.
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Abstract

In this study, we used Caragana brachypoda shrubs in the Inner Mongolia desert
region as our research subject. We employed field investigation methods to an-
alyze the effects of shrubs on plant communities, and combined traditional cul-
tivation methods with molecular identification techniques to analyze the effects
of shrubs on soil microbial communities. The results showed that: (1) Both
the abundance and total biomass of plant communities under shrub canopies
were significantly greater than outside the canopies, but there was no signifi-
cant difference in species richness and Shannon-Wiener index between inside
and outside shrub canopies; (2) With increasing soil depth, there was no sig-
nificant difference in soil culturable bacterial richness and fungal abundance
between surface and deep soil layers, while all other soil microbial community
diversity characteristics showed that surface soil was significantly greater than
deep soil; (3) Shrubs had positive effects on soil microbial communities, and
these positive effects were greatest in the surface soil layer; (4) The promoting
effect of shrubs on plant communities was greater than that on soil microbial
communities.

Keywords: Caragana brachypoda; shrub encroachment; soil culturable microor-
ganisms; fertile island effect; plant community

Introduction
Woody encroachment, defined as the gradual increase in density, coverage, and
biomass of shrubs in natural grasslands, has become a widespread phenomenon
of vegetation succession in global arid and semi-arid regions. In Inner Mongolia
grasslands of China, shrub expansion dominated by Caragana species repre-
sents a major landscape change. This expansion inevitably leads to interactions
with inherent herbaceous plants, thereby affecting plant community structure
and function. Consequently, the effects of shrubs on herbaceous plants have
remained a central focus of shrub encroachment research.

Previous studies have reported varied impacts of shrub expansion on plant com-
munities. Some research indicates that shrub encroachment significantly reduces
species diversity, biomass, and cover of grassland communities. Other studies
demonstrate facilitative effects, showing that herbaceous plant density, height,
coverage, and biomass decrease progressively from shrub centers to peripheries,
disappearing completely just beyond shrub boundaries. Conversely, some evi-
dence suggests that woody plant invasion can enhance species diversity in cer-
tain contexts. These contrasting results highlight that shrub effects depend on
specific community attributes and environmental conditions.

Soil microbial communities, as primary drivers of ecological processes such as
soil organic matter decomposition and nutrient mineralization, have become in-
creasingly important in shrub encroachment research. Studies reveal that shrubs
create distinct “fertile island”effects, resulting in significantly higher soil mi-
crobial numbers beneath canopies compared to open areas, which improves soil
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microbial community structure and function. While shrub invasion significantly
affects both plant and soil microbial communities, the relative importance of
these effects and how they vary with soil depth remain unclear.

Caragana brachypoda, a leguminous deciduous shrub with short, dense, thorny
branches, forms compact canopies that play crucial roles in water conservation
and sand fixation in desert grasslands while providing food and shelter for an-
imals. Distributed primarily in western Inner Mongolia (eastern and western
Alxa, western Ordos, and northern Bayannur League) with additional popula-
tions in Ningxia and Gansu, C. brachypoda is a dominant shrub species in desert
steppe ecosystems. In typical desert regions of Inner Mongolia, its biomass,
coverage, and density have increased significantly, forming distinct patterns of
shrub and herbaceous patches.

This study investigates C. brachypoda shrub patches and adjacent shrub-free
grassland patches in a typical desert region of Inner Mongolia to address three
key questions: (1) How do shrubs influence plant communities? (2) How do
shrub effects on soil microbial communities vary with soil depth? (3) What is the
relative importance of shrub effects on plant versus soil microbial communities?
This research aims to enhance understanding of the ecological consequences of
grassland shrub encroachment.

Materials and Methods
1.1 Study Area

The study was conducted in the Alxa Left Banner desert region of the Inner
Mongolia Plateau (37.87°N, 105.34°E, elevation 800–1500 m). The climate is
typical continental, characterized by strong winds, aridity, low rainfall, and in-
tense evaporation. The mean annual temperature is 7.2°C; annual evaporation is
2900–3300 mm; annual precipitation is 80–220 mm; annual sunshine duration is
120–180 days; and total annual radiation is 628.1–669.9 kJ・cm−2. The dominant
shrub is C. brachypoda, accounting for 20%–30% of total plant coverage. Other
plant species include shrubs such as Caragana tibetica, Caragana roborovskyi,
Nitraria tangutorum, Artemisia desertorum, Atraphaxis frutescens, Helianthe-
mum songaricum, and Oxytropis aciphylla, and herbaceous plants including
Stipa glareosa, Asparagus cochinchinensis, Salsola ruthenica, Cynanchum the-
sioides, and Astragalus membranaceus. Soils are primarily loose sandy loam or
sandy soils.

1.2 Field Surveys

1.2.1 Plant Community Survey In July 2019, we selected 10 C. brachypoda
shrubs and established 50 cm × 50 cm quadrats both inside shrub canopies and
outside (more than 50 cm from canopy edges). We recorded species composition
and density for all plants within each quadrat, then clipped all aboveground
biomass at ground level, bagged it, transported it to the laboratory, oven-dried
it at 65°C to constant weight, and measured aboveground biomass.
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1.2.2 Soil Microbial Community Survey We selected 10 shrubs and col-
lected approximately 300 g of soil samples from both inside and outside shrub
canopies at three depths: 0–10 cm, 10–20 cm, and 30–40 cm. Samples were
sealed in plastic bags, transported to the laboratory as quickly as possible, and
stored at 4°C for soil microbial analysis.

We used traditional cultivation methods to analyze soil microbial community
diversity. Soil bacteria were cultured on beef extract peptone medium, fungi on
Martin’s medium, and actinomycetes on Gause’s No. 1 medium. After incuba-
tion, colonies were counted and classified according to morphological character-
istics, then isolated and purified using plate streaking. Soil microbial numbers
were expressed as colony-forming units per gram of dry soil.

For molecular identification, we extracted bacterial and fungal genomic DNA us-
ing a DNA extraction kit. Universal primers 27F (5�-AGAGTTTGATCCTGGCTCAG-
3�) and 1492R (5�-GGTTACCTTGTTACGACTT-3�) were used to amplify
bacterial 16S rRNA genes (including actinomycetes), while GeoA2 (5�-
CCAGTAGTCATATGCTTGTCTC-3�) and Geo11 (5�-ACCTTGTTACTTTTACTTCC-
3�) were used to amplify fungal 18S rRNA genes. Amplification products were
sequenced by Beijing Genomics Institute and identified to genus level by
BLAST comparison with the GenBank database (www.ncbi.nlm.nih.gov).

1.3 Data Analysis

We calculated plant community diversity using species richness (number of
species), abundance (total number of individuals), biomass, and Shannon-
Wiener index. Soil microbial community diversity was assessed using microbial
richness, abundance, and Shannon-Wiener index.

Two-way ANOVA was used to test the effects of shrub presence and soil depth
on soil microbial indicators, with Tukey HSD tests for differences among soil
layers. Independent samples t-tests were used to analyze significant differences
between inside and outside shrub canopies. All analyses were performed using
SPSS 20.0.

The Shannon-Wiener index was calculated as:

𝐻′ = −
𝑆

∑
𝑖=1

𝑃𝑖 ln𝑃𝑖

where 𝑃𝑖 represents the proportion of individuals belonging to the 𝑖th species
(𝑃𝑖 = 𝑁𝑖/𝑁), 𝑁𝑖 is the number of individuals of the 𝑖th species, and 𝑁 is the
total number of individuals in the community.

We used the Relative Interaction Index (RII) to assess shrub effects on plant
communities (richness and biomass) and soil microbial communities (richness
and abundance):

RII = 𝑋in − 𝑋out
𝑋in + 𝑋out
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where 𝑋in and 𝑋out represent response variables inside and outside shrub
canopies, respectively. RII ranges from -1 to +1, with positive values indicating
facilitative effects and negative values indicating inhibitory effects.

For soil microbial communities, RII was calculated separately for each soil layer
as:

RIImicrobial = Abundancein − Abundanceout
Abundancein + Abundanceout

Results
2.1 Shrub Effects on Plant Communities

Caragana brachypoda shrubs affected different dimensions of plant community
diversity differently. Plant community abundance and total biomass were sig-
nificantly greater inside shrub canopies than outside (𝑃 < 0.05), while species
richness and Shannon-Wiener index showed no significant differences between
shrub canopies and open areas.

2.2 Shrub Effects on Soil Microbial Communities

Shrub presence significantly affected soil bacterial richness and Shannon-Wiener
index but not bacterial abundance (richness: 𝐹1,12 = 19.45, 𝑃 < 0.01; Shannon-
Wiener index: 𝐹1,12 = 2.47, 𝑃 = 0.14). Both bacterial richness and Shannon-
Wiener index were higher inside shrub canopies than outside, with significant
differences in the subsurface soil layer (Figure 2). Soil depth significantly af-
fected bacterial abundance, richness, and Shannon-Wiener index (abundance:
𝐹2,12 = 5.37, 𝑃 < 0.05; richness: 𝐹2,12 = 8.39, 𝑃 < 0.01; Shannon-Wiener
index: 𝐹2,12 = 20.09, 𝑃 < 0.01).
Shrub presence significantly affected soil fungal abundance and richness but
not the Shannon-Wiener index (abundance: 𝐹1,12 = 6.627, 𝑃 < 0.05; richness:
𝐹1,12 = 32.31, 𝑃 < 0.01; Shannon-Wiener index: 𝐹1,12 = 0.276, 𝑃 = 0.609).
Fungal abundance in deep soil layers was significantly greater inside shrub
canopies than outside, while fungal richness in subsurface soil was significantly
greater outside than inside shrub canopies (Figure 2). Soil depth significantly
affected fungal abundance, richness, and Shannon-Wiener index (abundance:
𝐹2,12 = 6.537, 𝑃 < 0.01; richness: 𝐹2,12 = 19.043, 𝑃 < 0.05; Shannon-Wiener
index: 𝐹2,12 = 5.933, 𝑃 < 0.05). Both inside and outside shrub canopies, fungal
abundance, richness, and Shannon-Wiener index were highest in the surface soil
layer (Figure 2).

Shrub presence significantly affected soil actinomycete abundance but not rich-
ness or Shannon-Wiener index (abundance: 𝐹1,12 = 74.1, 𝑃 < 0.01; rich-
ness: 𝐹1,12 = 1.719, 𝑃 = 0.214; Shannon-Wiener index: 𝐹1,12 = 0.565, 𝑃 =
0.467). At the same soil depth, actinomycete abundance was greater inside
shrub canopies than outside (Figure 2). Soil depth significantly affected actino-
mycete abundance, richness, and Shannon-Wiener index (abundance: 𝐹2,12 =
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92.122, 𝑃 < 0.01; richness: 𝐹2,12 = 26.746, 𝑃 < 0.01; Shannon-Wiener index:
𝐹2,12 = 40.071, 𝑃 < 0.01). Both inside and outside shrub canopies, actino-
mycete abundance, richness, and Shannon-Wiener index decreased progressively
with increasing soil depth.

2.3 Shrub Effects on Relative Abundance of Dominant Microbial Gen-
era

The dominant bacterial genera inside and outside C. brachypoda shrub canopies
were Bacillus, Curtobacterium, and Paenibacillus (Figure 3). Bacterial abun-
dance decreased gradually with soil depth inside shrub canopies, while richness
showed a unimodal pattern peaking in subsurface soil. The Shannon-Wiener
index showed no significant difference between surface and subsurface soils but
was lowest in deep soil. Paenibacillus was unique to deep soil layers (Figure 3).
Soil depth significantly affected the relative abundance of Bacillus (𝐹2,6 = 9.339,
𝑃 < 0.05), which increased significantly with soil depth (Figure 3).

The dominant fungal genera were Fusarium, Aspergillus, Microascaceae, and
Chaetomium (Figure 3). Fusarium and Aspergillus occurred at all soil depths
both inside and outside shrub canopies. Soil depth significantly affected the
relative abundance of Fusarium (𝐹2,6 = 5.933, 𝑃 < 0.05). The RII values for
soil microbial communities showed a unimodal pattern with soil depth, with
surface soils having significantly higher RII values than subsurface soils (Figure
4).

The dominant actinomycete genera were Streptomyces and Nocardia (Figure 3).
Nocardia occurred only in surface and subsurface soils. Soil depth significantly
affected the relative abundance of *Streptomyces$ both inside (𝐹2,6 = 37.041,
𝑃 < 0.01) and outside (𝐹2,6 = 4.911, 𝑃 < 0.05) shrub canopies, with relative
abundance decreasing as soil depth increased.

2.4 Relative Importance of Shrub Effects on Plant vs. Soil Microbial
Communities

The RII values for plant community richness and biomass were both positive
(Figure 5), indicating that shrubs had significant facilitative effects on above-
ground plant communities. The RII values for soil microbial communities were
also positive across all soil depths (Figure 4), demonstrating positive shrub ef-
fects on microbial communities. However, RII values for plant communities
were greater than those for soil microbial communities for both community rich-
ness and abundance, indicating that shrub effects on plant communities were
stronger than those on soil microbial communities.
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Discussion
3.1 Mechanisms of Shrub Effects on Plant and Soil Microbial Com-
munities

Shrubs often function as “benefactors”that influence surrounding plants. Our
study found that C. brachypoda shrubs significantly increased plant community
abundance and total biomass. These facilitative effects can be attributed to two
main mechanisms. First, shrubs improve microenvironmental conditions: lower
temperatures and wind speeds, higher humidity, and improved soil nutrient en-
vironments beneath canopies promote plant growth. Second, shrubs provide
shelter for seed germination and seedling establishment, protecting them from
herbivory by livestock and wildlife, thereby increasing species abundance. Addi-
tionally, as a deciduous legume, Caragana species can promote nitrogen uptake
by understory grasses and enhance nitrogen mineralization from soil organic
matter, increasing understory productivity.

Caragana brachypoda shrubs also facilitated soil microbial communities, similar
to their effects on plant communities. These positive effects are attributable to
the“fertile island”effect created by shrubs. Furthermore, higher plant abundance
and biomass beneath shrub canopies produce greater quantities of higher-quality
litter, providing abundant food resources for soil microorganisms and promoting
their growth. This explains why both aboveground plant communities and soil
microbial communities showed positive RII values even in this strongly arid
environment.

Numerous studies have demonstrated vertical heterogeneity in soil microbial
abundance, richness, and Shannon-Wiener diversity indices. For example, soil
microbial numbers beneath Sophora alopecuroides, Achnatherum splendens, and
Artemisia ordosica decrease with soil depth. Similarly, soil microbial diversity
indices in three forest types in the Lesser Khingan Mountains decline signifi-
cantly with increasing soil depth. Our results are consistent with these findings:
regardless of shrub presence, soil culturable bacteria, fungi, and actinomycetes
showed highest abundance, richness, and Shannon-Wiener indices in surface or
subsurface soils. This pattern occurs primarily because abundant surface lit-
ter increases nutrient content in topsoil, which decreases with depth, altering
resource availability for soil microorganisms and consequently affecting their
vertical distribution. Our results also showed that soil microbial community
RII values differed significantly among soil layers, with the highest values in
surface soils (Figure 4), indicating that shrub effects on surface soil microbial
communities were strongest.

Although C. brachypoda shrubs had clear facilitative effects on both plant and
soil microbial communities, the effects on plant communities were stronger (Fig-
ure 5). This may be because plant communities can more directly and easily
benefit from shrub-mediated microenvironmental improvements.
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3.2 Differential Effects on Different Community Attributes

Shrub effects vary among different plant community attributes (e.g., richness,
abundance, Shannon-Wiener index, evenness). Our study found that shrubs sig-
nificantly affected plant community abundance and biomass but not richness or
Shannon-Wiener index (Figure 1), indicating that different diversity attributes
show specific responses to shrub presence. Similarly, shrub effects on soil mi-
crobial communities varied among different attributes (richness, abundance,
Shannon-Wiener index), microbial groups (bacteria, fungi, actinomycetes), and
dominant genera.

Bacillus is one of the most active bacterial groups in soil, with low nutritional
requirements, rapid growth, and resistance to adverse environments, playing
important roles in soil nutrient cycling and plant growth promotion. Our study
found Bacillus as the dominant genus both inside and outside shrub canopies,
with relatively high abundance (Figure 3). Bacillus can colonize plant roots and
form biofilms, primarily utilizing root exudates for rapid growth and reproduc-
tion. The well-developed root systems of C. brachypoda (roots can exceed 2–3
m in length) in deep soil layers provide abundant food resources for Bacillus,
explaining why its relative abundance was highest in deep soils (Figure 3).

Nocardia is widely distributed in soil, decaying vegetation, and animal waste. As
an aerobic saprophytic bacterium, it can degrade plant litter and obtain carbon
and nitrogen sources for growth. Since surface soils contain abundant litter
that directly provides required nutrients, Nocardia was primarily distributed in
surface and subsurface soils (Figure 3).

Conclusion
Caragana brachypoda shrubs had significant facilitative effects on both plant
communities and soil microbial communities, but the positive effects on plant
communities were stronger than those on soil microbial communities. The ef-
fects of C. brachypoda on plant and soil microbial communities depended on
specific community attributes, with different responses observed among micro-
bial groups (bacteria, fungi, actinomycetes), diversity attributes (richness, abun-
dance, diversity), and dominant genera. Soil microbial communities showed
clear surface aggregation, and shrub effects on surface soil microbial communi-
ties were strongest.

References
[1] Van Auken O W. Shrub invasions of North American semiarid grasslands[J].
Annual Review of Ecology and Systematics, 2000, 31(1): 197-215.

[2] Xiong Xiaogang, Han Xingguo. Spatial heterogeneity in soil carbon and
nitrogen resources, caused by Caragana microphylla in the thicketization of
semiarid grassland, Inner Mongolia[J]. Acta Ecologica Sinica, 2005, 25(7): 1678-
1683.

chinarxiv.org/items/chinaxiv-202104.00114 Machine Translation

https://chinarxiv.org/items/chinaxiv-202104.00114


[3] Eldridge D J, Bowker M A, Maestre F T, et al. Impacts of shrub encroach-
ment on ecosystem structure and functioning: Towards a global synthesis[J].
Ecology Letters, 2011, 14(7): 709-722.

[4] Yan Baolong, Lyu Shijie, Wang Zhongwu, et al. The advance of shrub en-
croachment in grassland and its impact on ecosystem[J]. Chinese Journal of
Grassland, 2019, 41(2): 95-101.

[5] Zhao Lingping, Liang Fanghui, Wei Nan, et al. Influences of shrub Caragana
brachypoda expansion on vegetation and soil in typical steppe on loess plateau[J].
Chinese Journal of Grassland, 2020, 42(2): 169-174.

[6] Xing Yuanyuan, Wang Yongdong, Lei Jiaqiang. Influences of bush encroach-
ment on vegetation and soil[J]. Arid Zone Research, 2017, 34(5): 1157-1163.

[7] Zhao Halin, Su Yuhong. Role of nurse shrubs in restoration of an arid
rangeland: Effects of microclimate on grass establishment[J]. Journal of Arid
Environments, 2013, 89: 103-109.

[8] An Jing, Hasi Eerdun, Du Huishi, et al. Impact of Caragana microphylla
nabkhas on airflow structure and wind erosion in Inner Mongolia Plateau[J].
Arid Zone Research, 2015, 32(2): 304-312.

[9] Tian Na, Gu Junlong, Yang Xinguo, et al. Redistribution of rainfall in canopy
of Caragana intermedia[J]. Arid Zone Research, 2019, 36(4): 854-862.

[10] Liu Zhe, Mei Xufang, Zhang Wei, et al. Microclimate characteristics of
Caragana stenophylla shrub canopy in desert region[J]. Arid Zone Research,
2016, 33(2): 308-312.

[11] Mei Xufang, Xie Lina, Liu Zhe, et al. Microclimate characteristics of Cara-
gana tibetica shrub canopy in the desert of the Inner Mongolia Plateau[J]. Jour-
nal of Tianjin Normal University (Natural Science Edition), 2016, 36(4): 55-58.

[12] He Yuhui, Liu Xinping, Xie Zhongkui. Effects of Reaumuria soongorica on
its underlying soil properties and herb plant characteristics[J]. Chinese Journal
of Ecology, 2011, 30(11): 2432-2436.

[13] Grellier S, Ward D, Janeau J L, et al. Positive versus negative environmental
impacts of tree encroachment in South Africa[J]. Acta Oecologica, 2013, 53: 1-
10.

[14] Holzapfel C, Tielbörger K, Parag H A, et al. Annual plant interactions along
an aridity gradient[J]. Basic and Applied Ecology, 2006, 7(3): 268-279.

[15] Tewksbury J J, Lloyd J D. Positive interactions under nurse plants: Spatial
scale, stress gradients and benefactor size[J]. Oecologia, 2001, 127(3): 425-434.

[16] Editorial Committee of Flora of Inner Mongolia. Flora of Inner Mongolia:
Vol. 3[M]. Huhhot: Inner Mongolia People’s Press, 1991: 223-227.

[17] Armas C, Ordiales R, Pugnaire F I. Measuring plant interactions: A new
comparative index[J]. Ecology, 2004, 85(10): 2682-2686.

chinarxiv.org/items/chinaxiv-202104.00114 Machine Translation

https://chinarxiv.org/items/chinaxiv-202104.00114


[18] Jia G M, Liu B R, Wang G, et al. The microbial biomass and activity in
soil with shrub (Caragana korshinskii K.) plantation in the arid loess plateau
in China[J]. European Journal of Soil Biology, 2010, 46(1): 6-10.

[19] Li H, Zhang J H, Hu H F, et al. Shift in soil microbial communities with
shrub encroachment in Inner Mongolia grasslands, China[J]. European Journal
of Soil Biology, 2017, 79: 40-47.

[20] Ratajczak Z, Nippert J B, Collins S L. Woody encroachment decreases di-
versity across north American grasslands and savannas[J]. Ecology, 2012, 93(4):
697-703.

[21] Ma Wenwen, Yao Tuo, Jin Peng, et al. Characteristics of microorganisms
and enzyme activity under two plant communities in desert steppe[J]. Journal
of Desert Research, 2014, 34(1): 176-183.

[22] Sun Xue, Sui Xin, Han Dongxue, et al. Changes of soil microbial functional
diversity in the degraded and successional primitive Korean pine forest in Lesser
Khingan Mountain, northern China[J]. Research of Environmental Science, 2017,
30(6): 911-919.

[23] Wang Shaokun, Zhao Xueyong, Jia Kunfeng, et al. Soil bacterial diver-
sity and its vertical distribution in Stipa klemenzii community of Urad desert
steppe[J]. Journal of Desert Research, 2016, 36(6): 1564-1570.

[24] De Deyn G B, Quirk H, Yi Z, et al. Vegetation composition promotes
carbon and nitrogen storage in model grassland communities of contrasting soil
fertility[J]. Journal of Ecology, 2009, 97(5): 886-894.

[25] Van Leeuwen J P, Djukic I, Bloem J, et al. Effects of land use on soil
microbial biomass, activity and community structure at different soil depths in
the Danube floodplain[J]. European Journal of Soil Biology, 2017, 79(2): 14-20.

[26] Tewksbury J J, Lloyd J D. Positive interactions under nurse plants: Spatial
scale, stress gradients and benefactor size[J]. Oecologia, 2001, 127(3): 425-434.

[27] Maestre F T, Valladares F, Reynolds J F. Is the change of plant-plant
interactions with abiotic stress predictable? A meta-analysis of field results in
arid environments[J]. Journal of Ecology, 2005, 93(4): 748-757.

[28] Cavieres L A, Badano E I. Do facilitative interactions increase species rich-
ness at the entire community level?[J] Journal of Ecology, 2009, 97(6): 1181-
1191.

[29] Ye Jingjing, Cao Ningning, Wu Jianmei, et al. Research progress on applica-
tion of biocontrol Bacillus[J]. Journal of Northwest A & F University (Natural
Science Edition), 2014, 42(8): 185-190.

[30] Chen Y Q, Ntai I, Ju K S, et al. A proteomic survey of nonribosomal peptide
and polyketide biosynthesis in actinobacteria[J]. Journal of Proteome Research,
2012, 11(1): 85-94.

chinarxiv.org/items/chinaxiv-202104.00114 Machine Translation

https://chinarxiv.org/items/chinaxiv-202104.00114


[31] Meng Huisheng, Hong Jianping, Wang Xiangying, et al. Effect of phospho-
bacteria fertilizer on soil actinomycetes community in mining subsidence area[J].
Chinese Journal of Applied and Environmental Biology, 2016, 22(5): 911-916.

[32] Xie L N, Guo H Y, Liu Z, et al. Shrubs facilitate recruitment of Cara-
gana stenophylla Pojark: Microhabitat amelioration and protection against her-
bivory[J]. Annals of Forest Science, 2017, 74(4): 70.

[33] Mazía N, Moyano J, Perez L, et al. The sign and magnitude of tree-grass
interaction along a global environmental gradient[J]. Global Ecology and Bio-
geography, 2016, 25(12): 1510-1519.

[34] Li Shuxia, Liu Yabin, Zhong Peng, et al. Soil salt reduction effect of four
herbaceous and shrubby species in the Xining Basin, Qinghai Province[J]. Arid
Zone Research, 2019, 36(1): 147-158.

[35] Guan Linjing, Mei Xufang, Zhang Yuanyuan, et al. Spatiotemporal dis-
tribution of soil moisture content and fertility of shrub nabkhas in different
habitats[J]. Arid Zone Research, 2016, 33(2): 253-259.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202104.00114 Machine Translation

https://chinarxiv.org/items/chinaxiv-202104.00114

	Postprint: Facilitative Effects of Caragana brachypoda Shrubs on Plant Communities and Soil Microbial Communities
	Abstract
	Full Text
	The Positive Effect of Caragana brachypoda Shrubs on Plant Communities and Soil Microbial Communities in the Inner Mongolia Desert Region
	Abstract

	Introduction
	Materials and Methods
	1.1 Study Area
	1.2 Field Surveys
	1.3 Data Analysis

	Results
	2.1 Shrub Effects on Plant Communities
	2.2 Shrub Effects on Soil Microbial Communities
	2.3 Shrub Effects on Relative Abundance of Dominant Microbial Genera
	2.4 Relative Importance of Shrub Effects on Plant vs. Soil Microbial Communities

	Discussion
	3.1 Mechanisms of Shrub Effects on Plant and Soil Microbial Communities
	3.2 Differential Effects on Different Community Attributes

	Conclusion
	References


