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Drainage for decreasing salt affects the soil properties and
microbial community diversity in coastal saline-alkali land

CHENG Yu!, BAI Ting’, HU Jian', YANG Jinwei', LIU Qiang', GE Yun', XIAO Xin?, ZHOU Zhilin®,
HE Huan®"

1 Coastal Saline-alkali Land Ecological Rehabilitation and Sustainable Utilization Technology Innovation Center,
Ministry of Natural Resources, Marine Geological Survey of Jiangsu Province, Nanjing, Jiangsu, China

2 Key Laboratory of Coal Processing and Clean Utilization, Ministry of Education, School of Chemical Engineering
and Technology, China University of Mining and Technology, Xuzhou, Jiangsu, China

3 Xuzhou Academy of Agricultural Sciences, Xuzhou, Jiangsu, China

Abstract: [Objective] To study the effects of drainage on the soil properties and microbial
community characteristics in coastal saline-alkali land. [Methods] Soil samples were collected
before and after drainage for decreasing salt from the coastal saline-alkali land in Nantong, Jiangsu.
The soil pH, nutrient elements (nitrogen, phosphorus, and potassium), enzyme activity, and
microbial community structure were analyzed by soil physical and chemical property
characterization and high-throughput sequencing. Bioinformatic analysis was conducted to study
the correlations between microbial community structure characteristics and soil physical and
chemical properties and the possible anaerobic metabolic process. [Results] Drainage for
decreasing salt significantly reduced the soil pH and electrical conductivity (EC), while causing the
losses of nutrients in the soil to a certain extent. After drainage, the activities of sucrase and
peroxidase and the richness and diversity of fungi in the soil increased to a certain extent, while the
richness and diversity of bacteria and archaea decreased. Principal component analysis showed that
microbial community structure had significantly positive correlations with soil EC and potassium
content, while it had significantly negative correlations with catalase and sucrase activities in the
soil. Redundancy analysis and functional prediction showed that fungi and archaea were
significantly correlated with EC, while archaea may change the community structure by adapting to
salinity. [Conclusion] Drainage for decreasing salt reduced the salinity and pH in the soil, which
affected the soil properties and microbial community structure.

Keywords: saline-alkali land; soil improvement; drainage for decreasing salt; microbial
community; soil enzyme activity
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nitrogen, TN)., B f# % (alkali-hydrolyzable
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Table 1 Basic physical and chemical properties of saline-alkali soil samples

Samples D1 D2 D3 Gl G2 G3

pH 6.94+0.33 7.54+0.06 7.01£0.16 7.34+0.28 7.254+0.09 7.23+0.27
EC (mS/cm) 1.77+0.32 1.77+£0.41 2.33+0.23 4.07+0.66 5.34+0.52 4.40+0.36
SOM (g/kg) 4.82+0.90 3.54+0.59 1.31+0.71 5.17+0.83 5.15+0.44 4.13+0.21
AN (mg/kg) 25.06+3.25 18.76+2.77 20.51+1.98 10.71+4.10 19.46+3.27 18.06+2.06
AP (mg/kg) 2.48+0.54 0.07+0.03 3.24+0.81 1.57+0.67 3.61+1.44 0.63+0.19
AK (mg/kg) 274.11+£7.41 258.37+7.87 266.24+8.54 380.20+10.95 368.80+5.70 374.50+3.22
TN (mg/kg) 295.00+33.00 229.00+21.00 262.00+18.50 267.00+21.50 310.00+£26.00 288.50+17.50
TP (mg/kg) 474.79+2.90 480.58+12.70 477.69+8.40 595.37+35.80 523.714+20.50 559.53+15.30

TK (mg/kg) 14 738.89+64.87

14 415.12£161.89 14 577.01+157.71 17 323.76£230.63 17 164.74+79.55

17 244.25+92.74
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Soil urease (A), sucrase (B), alkaline phosphatase (C), catalase (D) enzyme activity.
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S R A AL B A — B, AKP FEL
MUREAS, AHNK TP I AP & s, +iEd
AU i S RO A L ) R
(1% 1D), D AFEARE SR T G HHEA . T
A TS 7S 3 b AR W Ak A i R Y o
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MANTE K (B 2A) K F, AR BB 1]
(Pseudomonadota) . KT I [ 1(Bacteroidota). Ji
28 W 1] (Actinomycetota) Ml &% & ¥ W [
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Table 2  Alpha diversity index of soil bacteria, fungi, and archaea

Alpha diversity index D1 D2 Gl G2 G3

ACE Bacteria 3330.722 3 360.643 3467.862 3 535.680 3 880.089 3 809.095
Fungi 92.000 92.000 91.000 48.000 54.000 58.000
Archaea 495.548 579.312 470.543 705.840 684.972 616.852

Chao Bacteria 3238.370 3 281.806 3340.379 3 463.608 3 758.662 3703.198
Fungi 92.000 92.000 91.000 48.000 54.000 58.000
Archaea 484.165 568.049 461.447 693.821 668.852 599.266

Shannon Bacteria 6.404 6.447 6.531 6.652 6.828 6.735
Fungi 3.127 3.162 2.384 2319 2.564 2.750
Archaea 3.288 3312 3.243 3.628 3.815 3.416

Simpson Bacteria 0.006 0.008 0.005 0.004 0.003 0.003
Fungi 0.072 0.077 0.206 0.183 0.132 0.139
Archaea 0.124 0.131 0.131 0.100 0.065 0.090
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Figure 2 Species composition at the phylum level of bacteria (A), fungi (B), and archaea (C).
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Figure 3  Species composition of bacteria (A), fungi (B), and archaea (C) at genus level.
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Figure 4 PCoA analysis of OTU level of bacteria (A), fungi (B), and archaea (C).

>4 actamicro@im.ac.cn, 7 010-64807516



Fedy S | BUEYAR, 2025, 65(6)

2489

7% 4 B A L, 1 D3 4 N R T
(Basidiomycota) Fl /)N 9 A J& (Coprinellus) 1 =F &
5HAL 2 HAFAERE S o X Tl RIS (18] 40),
2 A F AR AL AR R T 95.23% M2 &, Hirp
PC1 5§ 92.47%, PC2 (i 2.76%. G1 Fl G2 4
WRAE, 1 D1, D2 F1 D3 MBS AT, itk
R, RN, GAHEAY S 8
PRI, H5 D AREA BB XA
1M D HMEARH NI G AT, RUHPK
Ve ST E YIRS A T A
23 TEIMRTESHEMSHMERHE
KT

/S BT s 200 VB N R K €A B ik el
AYAR G, B 1 rp IR AR S 1 1
7N WO % VR 3E xF SPSS #4772 f1[A] 1Y Pearson #H
KMEGr T, A5 RANER 3 o, IR 3 hgsRn]
M, HAH SRS O EES SN, B
FREGHEERE D FEEMAC, SRR &
I AR RS AT PEAN SR RO, ARy
B E T A SN B i S
AoEE-HROAHEL, SHEEE - BIEMHX,

1 0 S 5 A SR R TS M £ 5 4 TR
3 TIEIBCMHERIE)AYPearsontE Kt

Ko WEFEE Ny, - SRR B R Al E 008 0 I A
LBt &8, R LRt oy el MR, >4
TP R A A R, RS
TERE Z2 ] LB AE B Wl il I 1
SR TR T 0 A DL R, S EOHE
PERRAREY . M S AL A A S SR
FEEHEEOMC, ST REN BN
SRR TR AL S SR P W5
A, SRS R R, 1
TR A S A SR TR S 415 A EC AP AR T
FAIRIEAR, —J5 1 Al RE DA Dy i vy A4 B 35 Bl
IR T S RERE R | 2 AT SR TR AR S A At S
T AU L, FEMR T ARG L 9 A IR
A, BUE TR IE R 2 AR AL 5 —T7
T, e PR ERE I S R,
0 VAL 14 S T e (B W A 9 B T T e B,
B R K AT el PR A A, DA
FEAREEE . eoh, Rl el BTG,
APR ARSI A A R, TR
A, HEKGEER IS S REREAR , SRIMa 2z
BRI PRI AR A o HEK DEER e A SO Al 05 1
ThEr, FTREME T RO K A o O AR, AE

I S2A
, 5

Table 3  Pearson correlation between soil physical and chemical properties

pH EC AN AP AK N TP TK SOM S AKP S CAT S UE S SC
pH 1.000
EC 0.184  1.000
AN -0.598 -0.476 1.000
AP -0.663  0.225 0326  1.000
AK 0209  0.931%* -0.628  0.018 1.000
TN -0.545  0.604 0272 0.603 0.533 1.000
TP 0332 0730  —0.846* -0.223 0.911* 0210  1.000
TK 0318  0.940%* —0.619  0.023 1.000%* 0536 0.902*  1.000
SOM 0232 0487  -0241  —0.085 0.614 0496 0521 0611 1.000
S AKP  0.663 -0225  -0.326 -1.000%* -0.018  -0.603 0223 -0.023 0.085  1.000
S CAT -0.193 -0936**  0.681 -0.076  -0.987** -0481 -0915* -0.986** -0.496 0.076 1.000
S UE  -0287 0438 0.042  0.042 0.380 0371 0246 0385 0291 -0.042 -0.416  1.000
S SC  -0386 -0.921** 0572  0.135  -0.908* -0369 -0.789 -0.916* -0388 -0.135 0.907* —0.561 1.000

**: P<0.01 indicates significant correlation; *: P<0.05 indicates general correlation.
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Figure 5 Correlation heat map of bacteria (A), fungi (B), and archaea (C) to environmental factors at the genus
level. *: P<0.05; **: P<0.01; ***: P<0.001. The abscissa represents the environmental factors of the soil, and the

ordinate represents the abundance information of the microbial community. Green means negative correlation,

red means positive correlation. The deeper the color, the higher the correlation.
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Figure 6 RDA analysis of physicochemical properties of bacteria (A), fungi (B), and archaea (C) at the phylum

level.

TS Suk RN A CR SO RTE 3 P S
fEARE R WA —E AR R, AW RE
G 28] g e R B s T X S B R R
52 30E HHHR R E M, SR T HE
Fhm i, 2 A A A Y 3 W R, kR
RIS o R, m] RE IR Tl A R T A
BT, ] e S A S A A RS
HKWEh e, SR M S R, Su e
5 X At A A R s, R PR TR SR

JHO AN - e R AVR T e 40 i S e A7 & A AR
Ak, BEAG o RO 2638 52 ) o i) 3 shas fr el
HET R R AR KDY, S EGh R E
REAR

bR S B oW B O YRR R 4
FAPROTAX DI il (&l 7), W LLA BHEKPEE:
i, BSRRERICIR . AEERERITNL | 4R A A AL AN
AL DI RE B 3 BE X REAR, e B &0l Ak o il 1R
ol W AERR R R k5 . BE— 20 B i R ER R

http://journals.im.ac.cn/actamicrocn



2494

CHENG Yu et al. | Acta Microbiologica Sinica, 2025, 65(6)

- Fermentation

Methylotrophy

--- Methanol_oxidation

Nitrogen_respiration

- Dark oxidation _of sulfur compounds

- Dark_sulfur_oxidation

- Respiration_of sulfur compounds

- Thiosulfate respiration
Aerobic_chemoheterotrophy

Methanogenesis_using_formate

Methanogenesis_by reduction_of methyl compounds with H,

Chemoheterotrophy

Nitrogen_fixation

B
------ Nitrification
RN

El7 HEEZAFAPROTAXINAE M A E

Methanogenesis

Dark_hydrogen_oxidation
Methanogenesis_by CO, reduction_with_H,

Hydrogenotrophic_methanogenesis

L peeep—

Figure 7 Heatmap of FAPROTAX function prediction of archaeal community. The abscissa is the sample name,

and the ordinate is the functional abundance information; The higher the abundance, the redder the color block.
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