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Comparative study of physicochemical and microbial communities of different origins of saline—alkali soil
YANG Huixuan"?, WANG Yanan’, JIA Yuehui", CHEN Minyu®, GAO Jinhua®, XIE Xueshi*, ZHOU Li*, ZENG Xibai*

(1. Beijing University of Agriculture, Beijing 102206, China; 2. Institute of Environment and Sustainable Development in Agriculture,
Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. Chuangxiang Future Bioengineering (Xinjiang) Co., Ltd., Urumqi
831399, China; 4. Stanley Agricultural Group Co., Ltd., Linshu 276700, China)

Abstract: To investigate the differences in nutrient content, salt characteristics, and bacterial community composition in saline—alkali soils
of different origins, and to analyze the intrinsic correlations among these factors. The findings aim to provide effective support for the
management and remediation of saline—alkali lands. Soil samples were collected from eight distinct sites across three typical saline—alkali
regions in Xinjiang, Jilin, and Hebei provinces. Soil nutrient contents and base ion concentrations were analyzed. High—throughput
sequencing technology was employed to assess soil bacterial diversity and community composition. The saline—alkali soils from Jilin (JL.1,
JL2) were characterized by predominant base anions of HCO; with concentrations exceeding 0.5 g« kg™'. These soils exhibited relatively
high soil organic matter and total nitrogen contents, with Actinobacteria identified as the dominant microbial phylum. Xinjiang saline—

alkali soils (XJ1, XJ2, XJ3, XJ4) were dominated by SO base anions and exhibited high Na' contents, lower microbial abundance and
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diversity, with Proteobacteria as the predominant phylum. In Hebei saline—alkali soils, HB1 showed HCO3 predominance (0.49 g-kg™),

while HB2 was dominated by C17(29.09 ¢ kg™). Although significant variations in microbial community composition were observed, salt

content did not significantly affect microbial abundance or diversity. The content of base ions, dominant microbial populations, and

physicochemical properties of saline—alkali soils are closely linked to their origins. Microbial diversity mainly depends on the

concentrations of Ca®, Na*, and other ions, exhibiting distinct geographic distribution patterns. Thus, regional distribution and differences

in physicochemical and biological properties must be thoroughly considered when developing saline—alkali land remediation strategies.

Keywords : saline—alkali soil; base ions; high—throughput sequencing; community composition
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Table 1 Sampling sites and distribution areas of the tested soils
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ampling . . L Average annual Average annual . .
Sampling location Area of distribution Lo L 5 .1y Latitude and longitude

number precupltatlon(mm) irrigation water/(m’+a™)

JL1 MR PR B AR S AR AR RS A - T R R - 670 120 45°37'N,122°50'E
WFFE I HE 2 2 0 3 LA IX

JL2 AR I e SRR 45°26'N,123°25'E
XJ1 AR B TN A PR TR R R X 180 680 44°37'N,87°45'E
XJ2 BRI E S AR S 1 40°12'N,77°15'E
XJ3 BRI AT EL S AR S 25 40°12'N,77°15'E
XJ4 BTSRRI EL s AR £ 35 H 40°12'N,77°15'E
HBI LI E 15 1 iRl R EE SITERES 550 170 39°30"N,117°33'E
HB2 LI 2 2 S TR AR 39°30'N,117°33'E
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Table 2 Organic matter, total potassium, available potassium , total phosphorus, available phosphorus and total nitrogen

contents in different saline—alkali soils

FE i i AL 25 R0 O Ex SRR
Sampling number SOM/(g-kg™) TN/(g-kg™) TP/(g-kg™) AP/(mg-kg™) TK/(g-kg™") AK/(mg-kg™)
JL1 15.04+0.65h 0.89+0.02b 0.25+0.03¢ 9.88+1.41e 3.88+0.04bhc 106.27+9.20g
JL2 14.09+0.40¢ 0.74+0.00¢ 0.24+0.02¢ 21.72+0.09b 2.81+0.03¢ 307.45£11.39¢
XJ1 19.69+0.30a 1.18+0.01a 0.88+0.04a 24.60+1.35a 9.63+0.09a 397.07+5.11a
XJ2 5.83+0.13f 0.36+<0.01g 0.51+0.01b 4.33+0.06g 9.03+0.11a 382.66+1.95h
XJ3 5.98+0.15f 0.47+0.01f 0.61+0.02b 14.75+0.54¢ 9.66+0.10a 128.74+1.82f
XJ4 6.84+0.06e 0.52+0.01e 0.55+0.03b 12.08+0.53d 8.96+0.11a 217.29+191e
HB1 9.50+0.22d 0.64+0.02d 0.89+0.03a 14.28+0.41¢ 9.18+0.10a 233.58+5.38d
HB2 6.21+0.21ef 0.29+0.01h 0.51+0.02b 6.56+0.25f 5.70+0.01b 103.48+1.81¢g

T - [ ) NG - BER R A R R 28 57 .25 (P<0.05) o Rl

Note : Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.
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Table 3 Salinization and alkalinization parameters of different saline—alkali soils

[RIE e AR EC/ b o Rt B R BT L b b
Sampling number (uS-em™)  NaE/(mg-kg')  CEC/(cmol-kg') ESP/% SAR  Salt content/(g-kg™) Classification and grading
JL1 10.38  707.23 89.44 7.44 12.01 83.19 8.81 R B
JL2 8.70  1678.00 86.45 8.81 9.81 156.63 2.30 &GN
XJ1 8.00  676.27 14.54 13.28 1.09 11.97 0.53 LR N
XJ2 9.02 15.73 200.33 4.14 48.39 256.99 39.60 &R
XJ3 8.10  2334.67 44.97 4.88 9.21 22.39 57.40 &GN
XJ4 8.80  4186.67 84.94 4.80 17.70 40.99 11.31 -4+

HBI 8.82 14573 8.90 9.89 0.90 10.08 14.42 IR REFER T+
HB2 8.72 16.61 220.08 4.20 50.24 394.17 13.90 &Kl

P 1%) WHARTY
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Table 4 Salt—based ions content in different saline—alkali soils

FE S 2 FHE§ 7 & Salt cations contents/(mg-kg™) [ 5 % 4 Salt anion contents/(g-kg™)
Sampling number Ca* K* Na* Mg SOF cr coy HCO:

JL1 78.46x17.10d 76.94+12.0lc  771.98+21.83cd 93.79+13.48e 4.27£0.91d 0.49+0.02¢  0.24+0.01a 0.51x0.03a
JL2 132.19+5.44d 59.45+4.37¢ 1 607.40+84.74bc 78.44+4.26e 42.98+0.60d 1.71+0.02¢d <0.01+<0.01¢ 0.53+0.02a
XJ1 377.90+32.01¢ 65.43+1.82¢ 176.85+4.87d 58.48+1.46e 31.01+2.16d 0.25+0.02e <0.01%x<0.01c 0.29+0.03b

XJ2 2749.50+186.05b 292.29+22.77a 12 351.60+839.55a 1 870.46+114.36a 5 656.96+197.52a 17.65+0.14b 0.03+0.01b 0.19+0.01c¢

XJ3 2756.52+97.96b  71.58+3.45¢ 876.75+23.18¢cd 309.23+10.15d 1953.66+8.23¢  1.20+0.02d <0.01x<0.0lc 0.21£0.01¢
XJ4 3157.40+118.26a 150.93+4.72b  1793.48+45.68b  671.87+19.82¢  2417.02+71.14b 2.11+0.04¢ <0.01+<0.0lc¢ 0.2+0.02¢
HB1 51.20+0.41d 20.28+1.96d 59.10+0.26d 17.60+0.16e 3.07+1.51d 0.08+0.0le <0.01%x<0.01c 0.49+0.03a
HB2 296.17+25.64cd  55.32+1.97¢  12316.05+15.75a 1 656.35+25.11b 53.16+0.60d  29.09+0.66a <0.01+<0.01¢ 0.31+0.01b

RS FRERWEIPEARFESBENF XERFR

Table 5 Information of high—throughput sequencing of bacterial communities in different saline—alkali soils

Samﬁf?ﬁiber ACE Chaol Shannon Simpson Sobs Coverage
JL1 3921.23ab 3 809.72ab 7.46a 0.001a 3750.33a 0.99
JL2 4161.68a 3995.83a 7.34ab 0.002a 3 644.33a 0.98
XJ1 3205.91abe 3 091.34abe 7.12ab 0.002a 3021.00b 0.99
XJ2 1 867.55d 1 867.86d 6.67ab 0.004a 1 847.00¢ 1.00
XJ3 3009.45bc 2 925.03be 6.82ab 0.005a 2 802.33b 0.99
XJ4 2 850.82cd 2775.75¢d 6.96ab 0.002a 2718.67b 0.99
HB1 2 872.81cd 2791.87cd 6.53b 0.041a 2731.00b 0.99
HB2 2476.77cd 2412.38cd 6.64ab 0.004a 2 376.00bc 0.99

M Proteobacteria [ Bacteroidota
M Actinobacteriota M Acidobacteriota
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