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Soil salt characteristics and microbial community structures in
different regions at the same latitude of Hebei Province

HOU Ruinan', CUI Yushuang?, WANG Yu?, HUANG Yali’, CHEN Xiaobo'"

1 College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang, Hebei, China
2 College of Environmental Sciences and Engineering, Hebei University of Science and Technology, Shijiazhuang,
Hebei, China

Abstract: [Objective] To investigate the structural characteristics of microbial communities in the
soil samples with varying salt types and their associations with salt ions, thus laying a theoretical
foundation for the amelioration of saline-alkali soil. [Methods] Soil samples were collected from
three regions: Shijiazhuang (LC), Hengshui (SZ), and Cangzhou (HX) at 38°N. The total soluble
salt content (TSS), salt ions, enzyme activities, and microbial community structures were
measured. Mantel analysis was performed to examine the correlations between soil salt
characteristics and microbial community structures. [Results] In the LC, SZ, and HX regions, the
levels of soil electric conductivity, TSS, Na', CI°, S04*", and NO;™ showed a significant increasing
trend, while the activities of four soil enzymes (invertase, alkaline phosphate, urease, and catalase)
exhibited significant decreases, indicating that nutrient cycling was inhibited in saline-alkali soil.
The B diversity of bacteria and fungi exhibited significant differences among the soil samples of
three salt types. The a diversity of both bacteria and fungi in SZ showed significant differences
from that in LC. In HX, the abundance of halophilic phyla such as Gemmatimonadota and
Myxococcota, as well as the taxa with the function of ureolysis, significantly increased, while that
of nitrogen-fixing taxa decreased. Mantel analysis indicated that salt ions such as Na' and CI” had
significantly negative correlations with microbial community composition but positive correlations
with halophilic bacteria, such as Gemmatimonadota. |Conclusion] Microbial communities in the
soil samples with different salt types exhibited significant differences. Salt ions drove structural
changes of microbial communities in soil by inhibiting non-halophilic microorganisms and
selectively enriching halophilic species. The alterations in microbial communities and the reduction
in soil enzyme activities are key factors contributing to the impairment of nutrient cycling and
supply in saline-alkali soil. This study lays a theoretical foundation for the regulation of key
microbial populations in the amelioration of saline-alkali soil.

Keywords: soil salt; microbial community; high-throughput sequencing; correlation analysis
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Table 1 Soil salt ion content in three plots

Treatment pH EC TSS  Na' K* Mg*  Ca* cr SO, NO;~ HCO5”

(us/em)  (g/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)

LC 8.03+  274.00+ 136+ 2433+ 1733+ 2543+ 11437+ 18.07+ 3627+  79.17+  333.00+
0.09ab  61.88¢c 036c 1.10c  0.57b  137b  4.27c 0.21c 6.55¢ 16.88¢ 19.05b

Sz 7.95+  397.00+ 2.08+ 81.50+ 30.10+ 21.93+ 152.80+ 73.73+  93.50+  149.73+  344.00+
0.11b  54.62b  032b 259  1.49a  035c  7.48a 13.78b  4.00b 23.84b 19.05a

HX 8.06+  540.33 293+ 96.10+ 2740+ 39.70+ 142.63+ 129.03+ 11023+ 187.23+ 279.33+
0.04a 16292  0.10a 0.79a  490a  0.6la  181b 1.80a 1.15a 3.70a 18.48¢

BUE N TP 2ZE , R—3 A/ NG PR R 22 53 B (P<0.05), LC: Z8IRt4; SZ. WM -4, HX. W%+,

T

Values are mean+SD. Different lowercase letters in the same column indicate significant differences (P<0.05). LC: Luancheng soil;

SZ: Shenzhou soil; HX: Haixing soil. The same notation applies below.
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Figure 1 Correlation analysis of soil salt ion content and enzyme activity. The ellipse tilted to left represent

//l\\

J /77 ONNW\\
I 77 ONN\ -

positive correlation and to right represent negative correlation. The smaller the ellipse, the stronger the
correlation. Red represents a positive correlation, and blue represents a negative correlation. The darker the color,
the stronger the correlation. *: P<0.05; **: P<0.01.

T2 =AM IRERTEMEAHE

Table 2 Characteristics of soil enzyme activity in three plots

Treatment SC (mg/(d-g)) ALP (nmol/(h-g)) UE (U/g) CAT (umol/(h-g))
LC 57.05+0.08a 3 133.47+15.10a 1 926.27+140.48a 425.06+0.43a

Sz 40.59+4.64b 3 047.82+2.62a 1 775.48+154.20a 411.39+13.74a
HX 20.28+0.01c 1023.26+18.97b 1 242.18+61.24b 334.18+8.13b

BUE TP IEAbRE R ZE , [ — PSR NG FRERIR 25 573 1 35(P<0.05)

Values are mean+SD. Different lowercase letters in the same column indicate significant differences (P<0.05).

&, HX 5 LC, SZ fefi ehnfh bW, i or el o AR S W, USR] D7 s 9
SZ FI LC WIHT A brtihi o3 IR, WWIARFEE TR YIRS 45
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Figure 2 Analysis of alpha diversity of soil bacteria and fungi. A: ACE index of bacteria; B: Shannon index of

bacteria; C: ACE index of fungi; D: Shannon index of fungi.
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Figure 3 Main coordinates (PCoA) diagram of the soil bacteria and fungi. A: Bacterial PCoA diagram; B:

Fungal PCoA plot.
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Figure 4 Analysis of soil bacterial composition. A: Bar chart of the top 10 phyla by relative abundance among
different groups; B: Bar chart of the top 10 genus by relative abundance among different groups. Different
lowercase letters indicate significant difference among different treatments at the 0.05 level.
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Figure 5 Analysis of soil fungal composition. A: Bar chart of the top 10 phyla by relative abundance among
different groups; B: Bar chart of the top 10 genus by relative abundance among different groups. Different

lowercase letters indicate significant difference among different treatments at the 0.05 level.
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Figure 6 Functional analysis of soil bacteria and fungi. A: Bar chart of the top 10 bacterial function by relative
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abundance among different groups; B: Bar chart of the top 10 fungal function by relative abundance among
different groups. Different lowercase letters indicate significant difference among different treatments at the 0.05
level.
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Table 3  Characteristics of co-occurrence network of bacterial and fungal communities in different places

Treatment Number of Number of Modularity Network Average Bacterial Fungal Positive Negative

nodes edges density degree  ratio (%) ratio (%) correlation (%) correlation (%)
LC 199 3284 0.824 0.165 32.84 50.00 50.00 72.56 27.44
Sz 200 3319 0.819 0.167 33.19 50.00 50.00 66.32 33.68
HX 200 4 364 0.747 0.247 48.88 49.75 50.25 68.34 31.66

[ 0.824 [ 2 HX 1Y 0.747, B2 0.165 B ZE
0.247, HF—25 Ut BH =k 1 9 P i W I 2% 25 4
TINAE A R A0 TR R B 1 A A S b B
FR R R X RS 5 (2 50%:50%), {HE £k HX 143
Hh BUAH DG LU B A 1 I (31.66%) (1 7), R BIE:
JETF AT RE IR T RUE Z RIS R, B
PRI, R 5 m T e W I 45 Fh D 25
M, R TR A BAER, [RIEE AT AR A
HE T SE RS R ITE AL
24 TEESEFSREDEEEXM
T

Kl 8 Frzn, Mantel s30T 7 1 38405 1

A B

&7 MEMEREERBEILZMNEE. A: LC; B:

XA PR Ve 0 2 2 BE AR o FERUE W 46
¥y, +3ENa", CI'. SO/ . NOs 5fEw
PER A i TG, KT Ca® I
i, +IE TSS. Na'. CI'. SO 54w
TR RE R B A, K. Mg™ | Ca™',
NO;™ 514 Y HETE Dy g 2 B 3 A G . Xtk
—HEI R0 - R TR G R
B U BRI ARG, T IR
Bl ] 2 AR = B w4 £i0] R

K AR G I 20 BT T R A IR 5 6
AW R T8 S DR A DGR (BT 9). 113 TSS.
Na'. CI". SO4". NO;s # L T #h 4B F i %0

SZ; C: HX. 1WHFKRASVs, miAK/NRRAIFASVSs

PR, S RURR, O AR 2 R ] AR A DG (P<0.05), ZLEFIRIE

MR, ZREOFIR M.

Figure 7 Co-occurrence network of bacterial and fungal community. A: Luancheng soil; B: Shenzhou soil; C:
Haixing soil. The nodes represent ASVs, and the size of the nodes indicates the abundances of different ASVs.
Green nodes represent bacteria, while red nodes represent fungi. The connection between two nodes stands for a

significant correlation (P<0.05). Positive correlations are in red, whereas negative correlations in green edges.
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Figure 8 Mantel analysis of soil salinity factors and microbial communities.
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Figure 9 Correlation analysis between soil salinity factors and microbial communities. A: Correlation analysis
between soil salinity factors and microbial genera; B: Correlation analysis of soil salt factor and microbial
function. Red represents a positive correlation, and blue represents a negative correlation. The darker the color,
the stronger the correlation. *: P<0.05; **: P<0.01.
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