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The bacterial community structure and function of
Suaeda salsa rhizosphere soil

SUN Jianping, LIU Yahui' ', ZUO Yongmei, HAN Minli, ZHANG Hongwei, LYU Jingjing

(Institute of Coastal Agricultural, Hebei Academy of Agriculture and Forestry Sciences / Saline and Alkali Land Greening
Engineering Technology Center of Heibei Province / Tangshan Key Laboratory of Plant Salt Tolerance Research, Tangshan 063299,
China)

Abstract: Suaeda salsa is an ideal agent for the biological enrichment of saline-alkali soil. Microorganisms in the rhizosphere
of this plant play an essential role in soil improvement. The [llumina Misep high-throughput sequencing platform was used to
explore the structural composition and function of the bacterial community in the rhizosphere soil of S. salsa and bare soil
from coastal saline-alkali land in the Bohai Bay Rim area of Hebei, Shandong, and Tianjin, China. In total, 734 792 effective
sequences were obtained from 16 samples, of which 4 285 OUTs belonged to 41 phyla, 100 classes, 282 orders, 400 families,
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892 genera, and 1 577 species. The bacterial community in the rhizosphere soil of S. salsa contained Proteobacteria, Actino-
bacteria, Chloroflexi, Bacteroidetes, Gemmatimonadetes, Acidobacteria, Firmicutes, Cyanobacteria, Patescibacteria, and
Planctomycetes. These results were consistent with the Alpha diversity analysis results, indicating that the community was
highly diversified and significantly different from that of the bare soil. The LEfSe (LDA Effect Size) analysis showed that
indicator species differentially occurred in S. salsa and bare soils. In S. salsa soil, Cyanobacteria, Acidobacteria, Alphapro-
teobacteria, Oxyphotobacteria, Chloroflexi, Rhizobiales, Nostocales, Sphingomonadales, Sphingomonadaceae, and Bacillus
were the indicator species. Based on principal coordinates analyses and a correlation heatmap, the main factors affecting the
soil bacterial community at order level were the presence of S. salsa, alkali-hydrolyzable nitrogen, available potassium, avail-
able phosphorus, and electrical conductivity. Also, Ectothiorhodospira and Balneolaceae could survive in bare soil with poor
fertility, high salinity, and a viscous structure. PICRUSt (Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States) analysis showed that 304 metabolic pathways at pathway level 3 were active in both soil, of which 41
pathways, especially those involving in metabolism were different between S. salsa soil and bare land soil. These results indi-
cated that S. salsa growth has a positive effect on the diversity and function of soil bacterial community by improving soil
structure and increasing nutrients levels. These findings may be applied to improve saline-alkali land, optimize soil environ-

ment, and enhance its usefulness and sustainability.

Keywords: High-throughput sequencing; Coastal saline-alkali land; Suaeda salsa; Rhizosphere soil; Bacterial community

structure; Bacterial community function
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Table 1 Basic information of the soil samples

Sample site location Sample plot Geographical position Altitude (m) Main plant
38°44'25.24"N,
D1, J4,]5,]6 117°14'13.36"E 2 Suaeda salsa, Phragmites communis, Ulmus

Tianjin Beidagang pumila

38°25'42.89"N,

; - D2,17,18,19 N4 sgn 2
Nanpaihe T"W“’ Huan'ghua .Clty’ Cangzhou 117°35'14.58"E S. salsa, P. communis, Eragrostis ferruginea
City, Hebei Province

37°24'12.31"N,

i istri i i D2,7J10,J11 , " 0
Dongying District, Don.gylng City, 118°41'10.17"E S. salsa, Tamarix chinensis, Nitraria schoberi
Shandong Province

39°12'48.44"N,
Caofeidian District, Tangshan City, D4, D5, J1,1J2,J3 118°27'46.43"E 0

. R S. salsa, P. communis, T. chinensis
Hebei Province

D: ) D: bare land soil; J: rhizosphere soil of Suaeda salsa.

1.2 Simpson Shannon Chao Ace Coverage); R
[14]; Sunburst
- 1 ;
04 pH 501 , Circos-0.67-7 Circos
PHSJ-4A  pH [, (EC)
DDSJ-308F ; LEfSe ,
1.3 DNA (LDA),
(n=16) 05 ¢g ,
MP-soil DNA, 1% ; R PCoA
DNA ; 338F(5-ACTCCTACGGGA : R
GGCAGCAG-3') 806R(5'-GGACTACHVGGGT Heatmap
WTCTAAT-3") V3-V4 PCR V] : FastTree .
3 PCR , ML

2% QuantiFluor™-ST , R :

; » Miseq  pICRUSt 16S rRNA
PE300 KEGG ,
1.4 ; SPSS 19.0

Trimmomatic s , ¢ , P<0.05

FLASH , UPARSE

97% OTU , UCHIME
(161 RDP classifier 2 FERE5SH
, Silva s 2.1
70%"""!
Mothur Alpha (Sobs
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Table 2 Chemical properties of rhizosphere soil of Suaeda salsa and bare soil in the coastal saline-alkali land

Sample pH Electrical conductivity ~Alkali-hydrolyzable N Available P Available K Organic matter
P (dS'm™) (mg-kg™) (mg-kg™) (mg-kg ™) (kg™
Bare land soil 7.46+0.18a 6.47+5.10a 26.80+26.15b 14.91+£2.41b  292.90+30.38b 9.45+1.63b
Rhizosphere soil ~ 7.48+0.22a 1.30£1.54b 90.71+48.58a 20.45+£3.31a  586.14+£110.63a 16.00+£9.27a

(P<:0.05) Different lowercase letters in the same column indicate significant differences at P<<0.05 level.

2.2

> >

Sobs s ;
Ace Chao 5

®3 EBREMENEERRDIERRG DIRMAERN
cXyEZ =T
Table 3 Biodiversity indexes of bacteria in rhizosphere soil of
Suaeda salsa and bare soil in the coastal saline-alkali land

Diversity index Bare land soil Rhizosphere soil

Sobs Sobs index 660.80+169.95 705.36+110.52
Shannon index 4.75+0.38 5.054+0.40
Simpson index 0.024+0.009 0.019+0.014"

Ace Ace index 802.58+173.58 800.87+129.08
Chao Chao index 838.30+179.28 817.32+129.10
Coverage index  0.994+0.001 0.995+0.001
* P<0.05

* means significant differences between bare land soil and rhizosphere
soil of S. glauca at P<0.05.

3872  OTUs,
2410 OTUs, 1997 OTUs
OTUs 51.58% 82.86%
OTUs 1875 ,
OTUs 48.42%; OTUs 413
, OTUs 17.14% s
OTU ,
OTU ,

OTU
«c b
99.46%
« 3, ,
2.3
) 734 792
, 24 065
41 100 282 400 892 1577
4285 OTUs 2 ,
( >1%)
(Actinobacteria)
(Actinobacteria) (Actinomarinales)(
55.3%), (Chloroflexi)
(Anaerolineae) SBR1031  ( 15.3%),
(Cyanobacteria)
(Oxyphotobacteria) (Nostocales)(
14.7%), (Gemmatimonadetes)
(Gemmatimonadetes)

(norank-Gemmatimonadetes)( 8.8%),

(Proteobacteria) (Gammaproteobacteria)
(Ectothiorhodospirales)( 5.5%)
( 36.9%),
( 15.5%),
( )( 17.3%)
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Fig. 1 Rarefaction curves of bacteria in bare soil and rhizosphere soil of Suaeda salsa in the coastal saline-alkali land
2.4 2.5
Circos s
) PCoA s
¢ 3, ,
(30.0%) (22.0%) ,
(15.0%) (Bacteroidetes)(9.4%) , 4
(5.0%) (Acidobacteria) (5.5%) ,
(Firmicutes)(3.8%) (4.1%) ,
(Patescibacteria) (1.3%) , X (13.59%) Y
(Planctomycetes)(1.8%); (53.39%) 66.98%,
(43.0%) (14.0%)
(10.0%) (11.0%) (10.0%)
(2.3%) (2.5%)
(1.7%) R
LEfSe s non-parametric factorial
Kruskal-Wallis (KW) sum-rank test(
59% 41% 39% 61% 41% - )
59% 55% 45% 67% 33% 30% 70% ,

40% 60% 2% 98% 56% 44% 33% 67% , (LDA)
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Fig. 2 Composition of the bacterial community in rhizosphere soil of Suaeda salsa and bare soil in the coastal saline-alkali land
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Fig. 3 Composition proportion of dominant species in rhizosphere soil of Suaeda salsa (J) and bare soil (D) and their distribution
proportions in all samples of the coastal saline-alkali land

BLI3}OBqOURKD)

& 3

> 5

> > >

The left half circle shows the species composition in the sample, the color of the outer ribbon represents the group from which

it comes, the color of the inner ribbon represents the species, and the length represents the relative abundance of the species in the corresponding
sample. The right half circle shows the distribution proportion of the species in different samples under the taxonomic level, the outer ribbon repre-
sents the species, and the color of the inner ribbon represents different groups, the length represents the distribution proportion of the sample in a

certain species.
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Fig. 4 Group comparison analyses between rhizosphere soil of ) (Thiohalophilus)
Suaeda salsa and bare soil in the coastal saline-alkali land
D: ;T D: bare land soil; J:
rhizosphere soil of Suaeda salsa.
"] m a:p_ Acidobacteria

=D m b:o_ Balneolales

m c:f Balneolaceae

m d: g Bacillus

m ¢ : ¢ Gammaproteobacteria

m {: 0 Ectothiorhodospirales
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m i:0_ unclassified ¢ Gammaproteobacteria
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m | : ¢ Alphaproteobacteria
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Fig. 5 Special communities and their effects in rhizosphere soil of Suaeda salsa and bare soil in in the coastal saline-alkali land
D: K s ;
, ; , p , ¢ , 0 ,

, g D: bare land soil; J: rhizosphere soil of Suaeda salsa. The nodes in different colors represent the microbial groups which are sig-

nificantly enriched in the corresponding groups and have a substantial impact on between-group variance. The yellowish nodes denote the microbial
groups which are not significantly different between groups and or have no significant effect on between-group variance. The lowercase letters repre-
sent difference indicator species, of which “p” means phylum, “c” means class, “0” means order, “f” means family and “g” means genus.
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Fig. 6 Evolutionary relationship in rhizosphere soil of Suaeda salsa (J) and bare soil (D) in the coastal saline-alkali land
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Fig. 7 Analysis of correlation between bacterial community at the order level and environmental factors in the coastal saline-alkali

land
x y , R P R , R ; P
* , ¥ 0.01<P<0.05, ** 0.001<P<0.01, *** P<<0.001 The x-axis and y-axis are environmental factors and species respectively. The

correlation R value and P value are obtained by calculation. R values are shown in different colors, and the legend on the right is the color range of
different R values. P values are marked with * for 0.01<P<<0.05, ** for 0.001<P<<0.01, *** for P<<0.001.
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