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Response Relationship Between Soil Microbial Abundance and Salinity Environment During

Seasonal Freeze-Thaw Periods
YANG Yuefa'?, WANG Chunxia'?", WANG Sijia"?, YU Zhiruo'?, FAN Zikang'?

(1 College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;

2 Key Laboratory of Modern Water-saving Irrigation of Xinjiang Production & Construction Group, Shihezi, Xinjiang
832000, China)

Abstract: In this study, nineteen salinity gradients of chloride and sulfate salts were established during seasonal freeze-thaw cycles.
By continuously monitoring soil microbial populations and salinity-related environmental factors, the interactive relationships
between them were investigated. The results demonstrated that sulfate and chloride salts exhibited comparable effects without
significant difference on soil microbial populations, while soil pH emerged as a statistically significant determinant. Logistic
regression analysis identified a critical threshold at 1.3 g/kg salt concentration, beyond which microbial abundance declined sharply
before stabilizing. Comparative analysis using Ordinary Least Squares (OLS) regression revealed significantly greater environmental
stress tolerance in fungal communities relative to bacterial populations (f= —504.193, P<0.0001). Multivariate analysis integrating
Principal Coordinates Analysis (PCoA) and OLS modeling indicated that salt concentration exceeding 1.3 g/kg under freeze-thaw
conditions initiated progressive soil ecosystem deterioration.

Key words: Seasonal freeze-thaw; Soil microorganisms; Sulfate; Chloride salt; Response relationship
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Fig. 1 Meteorological data of test area
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Fig. 2 Changes in abundance of soil bacteria and fungi under different salinity gradients
22 FUMHERMETERNEERZTHE e e T B AR AR BE 000 O 11.8 °C Al 0.3 °C,

FATHEVRRU IR TR BAS , Fh  A AAXE BRREEN 3.4 °C o BEE LR RERIE AN, LR
T s SR R m , TR ERGR . PRI T, RMRE L.

S B, (RO T, R, Z 1P HRVRRIN , EHOHR RIS 58 pH (050
EIEEEER AR T L0 pHL BT AERS B3, HAULRMERE B AR 4. 4
BEHEL. 0~5 cm LIz, EALHHHEHEIIGE 1 pH 53 1T

TR LR ST 3 R R TR I £E 9.5 whe REAELECK( 9,163 T 520 om
FAHRRN, 0~5 om FIZIREEEYNAE0 C, LRNEH AR %, 79 ghe B pH ik

R E A BARIRE 20 16,4 °C F1 -3.1 °C, ¥ B KA 8.96, FiFREL X 133 pH Ay A i 2%,
R 2.6 'C; 5~20 cm + 2 FEEHTE 0~5 C, 0~5 cm 1JZ7E 9.5 g/kg B pH ik B KMH 9.29; 5~

http://soils.issas.ac.cn



%2 R A S ZE T PETR A A Bt 5 R A PR B I R 6 B 419
20r M, 0~5 cm +)2 Na*, Ca®", CI" & KT
s 5~20 cm 12 ; TEEEREE T, 0~5 cm +)Z /Y SO,
/T 5~20 cm 120 HEATAL, St ZE T R
£ 10r ], 13 Na™ . Ca>" . CI” B FRJZWIMIAIRE JI58 T SO; ©
i
= 4| 94 - .
= —o— L{1kEh (0~5 cm) —O— &lfkEh (5~20 cm)
H —k— AR (0~5 cm) —A— FREAER (5~20 om)
0 L
5k
05 5-20
FEHE (cm)
(Fh B FR&mFmim RS TR/ME, HRMA L, R4
TJEYELL T 7 £8)
3 TEERETK

Fig. 3 Changes in soil temperature
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Fig. 4 Changes in soil pH
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Fig. 6 Changes in soil organic matter

B, HIEMESASTESR TR, Rl THR. m
PR Ak G+ RS S AL O B3 0~5 om
T 2AE 0~4.5 g/kg EROPWE T, HIEMERA ST HZ
TEIREER/N, 5.0 ghkg B WE T, LSRN
B CK /D 69%, 5.5 g/kg Eh 43 He BE I [0l I 5 5~20
cm HEMEAEEE CK L4k 15 me/ke, 7
1~7 g/kg #horuBE X EIH 30 T 12~38 mg/kg, Ak

L 10~5

Pl

45

0
35
30
25
20

15
10

(mg/kg)

SH

.

flXF 0~5 cm +JZ, KT 1.5 glkg Rk I sh

FVLE, TE7~9 g/kg XEIPE T 10~20 mg/kg, 7F

10 g/’kg AETFEZ) 18 mg/kg, IHAMET 0~5cm +

2o BARHT, Sl B Rm, fEE s nhan

T, 0~5 cm HEMEATEES T 5~20 cm )2,
HTE 0~7.5 g/kg $REERT, BiiREL bb S Ak 3 0 1y
AWK WE R,

cm 222 5~20 cm

9 3
;%_0 30
— 25

I 20
&« 15 %

10
5 ’_a

I
0
0101520253035404550556.0657.07.58.0859.09.510.0

FIRR

S

01.01520253035404550556.0657075808.59.09.5 10.0
FALERERTRIE (g/ke)

& 7

%]
TifREhER /TR (g/kg)

Fig. 7 Changes in soil nitrate nitrogen
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Fig. 8 Changes in soil catalase activity
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Fig. 9 Structural equation modeling (SEM) of relationships between soil microbial abundance and salinity-related environmental factors
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Fig. 10 Partial least squares (PLS) analysis of soil microbial abundance and salinity-related environmental factors
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Fig. 11 Principal coordinates analysis (PCoA) under different salinity gradients
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Fig. 12 Relationship between soil salinity and microbial abundance
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