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Abstract: [Objective] This study aims to analyze the structure and influencing factors of
bacterial community in the rhizosphere soil of highland barley in different planting areas in
Xizang, reveal the biological markers of rhizosphere bacteria in specific environments, and
provide a reference for the exploration and research of rhizosphere growth-promoting bacteria
and their roles. [Methods] We carried out 16S rRNA gene high-throughput sequencing and
statistical data analysis to compare the composition and structures of the bacterial communities
in the rhizosphere soils of highland barley cultivated in five cities of Xizang. We then analyzed
the biological markers and the driving factors of community structure changes in the
rhizosphere bacteria of highland barley. [Results] The sequencing of 45 rhizosphere soil
samples yielded 10 715 operational taxonomic units (OTUs), which belonged to 2 783 species,
1 244 genera of 43 phyla. Actinobacteriota, Proteobacteria, Chloroflexi, Acidobacteriota,
Bacteroidota, Firmicutes, Gemmatimonadota, Myxococcota, and Patescibacteria were the
dominant bacterial phyla, with the relative abundance of 94.92%-96.56%. The community
structure of rhizosphere bacteria showed significant differences among the five cities, with
greater inter-group differences than intra-group differences (R=0.226 9, P=0.001).
Actinobacteriota, Chloroflexi, Acidobacteriota, Bacteroidota, and Patescibacteria showed
different relative abundance among the five cities (P<0.05). We identified potential biological
markers in the rhizosphere soil of barley in all five cities. There were potential biological
markers in the rhizosphere soil of highland barley in the five cities. Lasa and Shannan had only
three and six unique bacterial clades, respectively, with more complex co-occurrence network
and tighter connections between OTUs. The key phyla in the rhizosphere of highland barley
were Proteobacteria, Chloroflexi, Actinobacteriota, and Acidobacteriota. Additionally,
Endobacteria, Methylomirabilota, and Cyanobacteria were unique taxa in Linzhi, Rikaze, and
Shannan, respectively. The changes in the bacterial community structure in the rhizosphere of
highland barley were mainly related to environmental factors such as pH, total potassium,
available potassium, carbon to phosphorus ratio, and altitude, with total potassium being the
most important factor (r*=0.621 4, P=0.001). [Conclusion] The bacteria in rhizosphere soil of
highland barley in Xizang have high diversity, with significant differences among the five
cities. Additionally, different growing areas of highland barley have unique biological markers
of bacteria in the rhizosphere. The findings provide a reference for revealing the role of unique
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rhizosphere bacteria in the growth and environmental adaptation of highland barley and for
exploring excellent rhizosphere plant-promoting bacteria.
Keywords: Hordeum vulgare L. var. nudum; rhizosphere bacteria; community structure; soil
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Figure 1

Boxplots of bacterial alpha diversity evaluated by Shannon diversity index (A), ACE index (B). Each

boxplot represents the median, interquartile range, minimum, and maximum values. The means + SD of nine

independent samples were shown (*P<0.05, **P<0.01).
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Figure 2 Species composition of rhizosphere bacteria (A) at phylum level and (B) at genus level.
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Figure 4 A: Non-metric multidimensional scaling (NMDS) ordination of Bray-Curtis dissimilarities of OTU
relative abundances. B: Bar plot showing differences in mean relative abundance of the most abundant phylum
of bacteria in 5 districts. C: LEfSe analysis results of soil bacteria. D: Histogram of LDA scores calculated for
the differentially abundant microbes with a threshold value of 3.5. Ellipses denote clustering at 95% confidence;
NMDS stress value: 0.133; * denote significant differences between locations, determined by ANOVA
(*P<0.05, **P<0.01, ***P<0.001).
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Figure 5 Analysis of rhizosphere bacterial network of Hordeum vulgare in five cities. A: Gephi mapping was
color-coded for subnetworks with >5% abundance in five cities. B: Network roles of analysing module feature
at OTU level for bacteria. Modules hubs have Z>2.5, whereas connectors have P;>0.62. Each dot represents an
OTU from the five networks selected for detailed module analysis. C: The composition of connectors and
module hubs for bacteria in rhizosphere soil as the keystone species.
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Table 1

Characteristics of soil bacterial community network in rhizosphere of Hordeum vulgare

Properties Changdu Lasa Linzhi Rikaze Shannan
Nodes 1369 1 487 1434 1380 1468
Edges 21 256 76 358 57 375 35631 62 975
Modules 4 7 5 4 5
Modularity 0.41 0.233 0.343 0.364 0.226
Transitivity 0.105 0.576 0.528 0.446 0.563
Density 0.023 0.069 0.056 0.037 0.058
Diameter 5.20 6.63 5.83 5.88 5.83
Positive correlation (%) 59.39 53.03 61.81 63.75 55.37
Negative correlation (%) 40.61 46.97 38.19 36.25 44.63
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(National Microbiology Data Center, NMDC), T =
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Figure 6 Redundancy analysis (RDA) of soil
factors and rhizosphere bacteria OTU of Hordeum
vulgare.
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2 RDA DB ZEEFHEXEIE

Table 2 Data related to RDA analysis of soil chemical factors

Environmental factors ~RDAI RDA2 r? P

pH -0.993 5 0.113 82 0.488 5 0.001***
AK -0.622 15 —-0.782 89 0.2339 0.002**
TK —-0.850 24 -0.526 39 0.621 4 0.001***
AP 0.991 65 0.128 95 0.037 2 0.408
TP 0.061 52 -0.998 11 0.118 0 0.061
NO;5; —-0.233 59 -0.972 34 0.119 1 0.059
NH," -0.574 61 —0.818 42 0.101 1 0.104
TN —-0.155 34 —0.987 86 0.103 2 0.106
C:N 0.051 68 —0.998 66 0.043 2 0.371
C:P 0.012 05 —-0.999 93 0.3811 0.001***
Altitude —-0.880 12 0.474 75 0.328 5 0.001***

* indicates significance at P<0.05; ** indicates significance at P<0.01; *** indicates significance at P<0.001.
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