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Effects of irrigation with brackish-water on the physicochemical properties and bacterial community of saline-alkali soils
under microbial fertilizer application. ZHAI Jie', YANG Shu-ging'", LIU Yue'?, CHEN Yu' (1.College of Water Conservancy and
Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2.Faculty of Agriculture and Animal Husbandry,
Tongliao Vocational College, Tongliao 028000, China). China Environmental Science, 2025,45(12): 6749~6761

Abstract: To evaluate the effects of brackish-water deficit irrigation combined with microbial fertilizer on soil salinization, microbial
community structure, and predicted functions, a field experiment was conducted on moderately saline-alkaline soils in the Hetao
Irrigation District using Lycium barbarum as the indicator crop. Brackish water irrigation depths were set under microbial fertilizer
application (W1: 180mm, W2: 240mm, W3: 300mm, CK: 330mm). It was found that, compared with CK, total soil salinity under
W2 was reduced by 56.77% from the fruit expansion to defoliation stages, and Na* was reduced by 55.87% (excluding the flowering
stage). During critical yield-formation stages, K*, Ca?* and Mg?* were decreased by 45.29%~78.28%. The sodium adsorption ratio
(SAR) was decreased by 33.65% and 54.23% at the fruit expansion and leaf drop stages, respectively. In early growth stage, soil pH
was increased by 3.63% under W1(P<0.05), whereas no significant differences among treatments were detected thereafter (P>0.05).
The bacterial community was dominated by Proteobacteria, Bacteroidetes, Actinobacteria, and Acidobacteria, with Sphingomonas
and Pseudomonas as predominant genera. Under W2, the relative abundance of Acidobacteria was increased by 28.09% (P<0.05),
and during the fruit expansion stage the relative abundance of Sphingomonas was significantly higher than under CK; this genus was
significantly negatively with Cl” content (P<0.05) and SAR value (P<0.01). Under brackish water irrigation, Bacillus
amyloliquefaciens was selectively enriched under W2 (57.6% relative to CK; P<0.05), and accumulation of Paenibacillus
mucilaginosus at the peak fruiting stage was promoted; enrichment of both taxa was maintained through defoliation.Functional
prediction indicated that chemoheterotrophy and aerobic chemoheterotrophy were the primary community functions, and the
abundances of carbon- and nitrogen-cycling functional groups were increased by 8.25% and 36.31%, respectively, under deficit

brackish-water irrigation. Redundancy analysis (RDA) indicated that K*, Mg?*, CI~, and Na* were the key drivers of microbial

Yeis BEA: 2025-05-08
EEUB: ERARRYIEE I H (52179037,52069023); i FRHEHIF % 10505 H (YLXKZX-NND-022)
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community variation, with a cumulative explanatory rate of 54.65%. The soil quality index (SQI) based on principal component

analysis (PCA) indicated stage-dependent irrigation demand: at the flowering stage, W3increased SQI by 14.46%, whereas from the

fruit expansion to defoliation, SQI under the W2 increased by 381.11%. On the basis of the SQI-irrigation volume model, an optimal

brackish-water irrigation depth of 240~260mm under microbial fertilizer application was proposed.

Key words: brackish-water; microbial fertilizer; bacterial community; soil physicalchemical properties; saline-alkaline soils
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Effects of different treatments on soil salinity
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A BEAE I or A ) A K L P B JTRORI % il Iy
IV R AL R AR R R R PR 2,
AT G A A T B F AT B A OB AR I A, T
At L5 L= A 1 A A Y P I B T SR S K
9 R
2.5 TIEERIEIR 5 G B R TR A 1A DG

Oy 8 755 - 35 20 VR R i xoF 3 B Ak R R Y
Wit Spearman AHICPEFRE /3BT L IEERAGE O AS
) 2E 6 B A B 3N R A 1] A REVR 4L
o (E NDREEITFEES T ca® & &
P<0.01;P<0.05) & & 2 1 AH O¢ . JE T B 1) F
(Verrucomicrobia) 55 pH fH 2 i % 1FAH K (P<0.05).
Gpl0 R AT B8 3215 5 Mg 3 i 5L 1 3 fup o6
(P<0.05), TP EFEEL Na's K. &#HE. SAR
R IEAHK(P<0.05),H S ClU& &2 5% AKX
(P<0.01). FriH 2 i J8 5 Cl & &M SAR(P<
0.05;P<0.01) £ % & A ¢, Subdivision3_genera_
incertae_sedis F-F£ 5 pH {H 2 1 3 [EAH2K(P<0.05).

A3 AT 40 B RV 6T R AR 5 1 VR
B 7 BT (RDA)EATSE(K 8).RDA 45 R E/R 5
— L RIXE T K 4 B R T 2 A A R R
32.46%, 5 . E R ARRE N 22.19%, R R FR 1A
54.65%. K 55 R 1 ¢ B 20 T & B K (7=0.854)
Mg* (*=0.567). CI (+*=0.807)F1 Na'(+’=0.659) 54
— A AR 2 IE A SR (P<0.01), K X 4 Fhdh g1
F2 R BT Rk - B R 5 R AR A ) O DR
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Fig.7 Heatmap showing Spearman correlations between soil
environmental factors and bacterial community composition
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Fig.8 RDA of soil bacterial communities at the OTU level in

relation to soil salt ions
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DURI R TGS AH N T2 KT 0.1%11) 30 ST REAE A
FZIIREFHE(E 9).45 R Wom A TR D)6k
1k, & 5 7% (chemoheterotrophy) 1 {5 %A 1k BE 5+
(aerobic_chemoheterotrophy), i tt. 18.24%~45.28%,
PR = I 0l K R 7K gk B S U B WL
Ak F G R B R CK 1215 8.88% A1 9.41%. ZUAAFA
AEINAE T EE 6.46%~29.35%, 17 HE N U S8 W AHIR &
% A (aerobic_nitrite_oxidation) 5 CK 1> ) 4 Jin
13.11%~52.71%. 75 R LB IR R I, W1, W2 &b
PEITRE AL AT H (nitrification) 5 150 2 %8 4K (aerobic
ammonia_oxidation) B CK 43 7l ¥4 n 11.77% F1
68.86%. T AIE R T fit (3.88%~24.98%) H , 2 ME Ak B 1)
77 A A W) % f# (aromatic_compound _degradation)
75 RS R R R L CK P 23.22%~
52.17%,1f W3 ACIREFYE TR 53 i (cellulolysis) Vg
A H WG I L 17.36%. B Ab, 8 R B O 9
(phototrophy,0.03%~0.48%)- Y&t F FR(photoautotrophy,
0.03%~0.48%) %5 I fE.
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Fig.9 FAPROTAX functional predictions in soils irrigated
with brackish water
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Table 2 Rotated factor loadings, eigenvalues and cumulative

variance contribution of principal component analysis

TiH PCl1 PC2 PC3
pH 18 0.009 0.026 0.982
SAR 0.967 0.103 -0.072
AdhiE 0.809 0.228 0.406
Na* 0.962 0.142 0.188
K 0.935 0.312 -0.042
cr 0.93 0.307 0.178
Shannon 0.38 0.609 0.628
Ace 0.641 0.747 0.04
Y -0.113 -0.972 -0.076
FAEE 5.997 1.503 1.077
TR (%) 66.631 16.697 11.961
ST TTIR (%) 66.631 83.328 95.29
3.0
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2.8
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Fig.10 Differences in SQI under different treatments and

regression model of SQI against irrigation volume
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N RN R AR AR AT 32 A 4 H, R
FRIEAE>1 WU T A F o (BUIFE A 1,36 2),
ZF 7 R RIE 95.29%. Hodh PC1 I TTRk R Ny
66.63%,1M SAR. 4=thfE. Na's K'. CI'. Ace fibx
& PC1 EHABKMEAT, 7300 0.967. 0.809.
0.962. 0.935. 0.93 1 0.641: Hy L HERT LA 45h5 2 R
il - 498 gk B P G e P 1

T EARE(SQD U 45 R BoR (B 10), 504
T RS 0 I R 7K 9 e R Yk S BT T
TFE W3 A SQI b 252,88 W1, W2. CK /&
14.46%~197.05%. fH A= 5 b i o5 B R AL B SQI
RAEARA RS A P 3 W2 AbPE SQI ds i,
B CK T4 155 381.11%, K AR AL F B B Stk
IY VAT T SRANIA] 4 SQI-E /K 2[RIV R, 76 e in i3k
AR B S URK BE K B AE 240~260mm Y6 ] 457
I SQU 44 i, WA U K RE K B8 240~
260mm.
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3.1 TR K ek L FE W XS L 8 B A T ) R M)

AT R T, Akl A 9 B T A 2 B - 4% Na
B, A R AL 3 A R K R Na ™5 1R ST
B AL R 52 ma; i 4% HCO, « Cl &R AR
T CURLH 2 25 00 =35 6 iE /K A8 A0 T8 A F80%, TR
TTE 7 B o K e AT P A M 58 N ™75 T A ) b b
A 0 3 R A POV 9 e B AR K HE T A 4 Ca™
B (HAHT S AR E M B IR ) 2R, 38 ™
B AR P R T RO B U S X i R, e K R R
B I 9K v R T R G R 4% A IR AE Ca® BRI
15.46%~78.28%"L T Ik ¥ /K B 15 DU DR bR e AN A2
HERAD CaZFIALE Ca” REER K GBS
A AR R DU DR AR B N Dk D 5 AE T B 4
AT R 2R3 R KW AE ) 3 i e A A 5T
RIAIE SO S RIEREKERAD L “V” BN,
TR B0 v IS R R PR R A AT A A B8 SO
TR REME IS R I 59 2 BUHLAE T4 rp AR

AT G R W, AE i I A= 0 o B s K E K
XT3 SAR AR A W2 s AR B R T s E K
I PR 3 SAR,ZR WA 4 = I HE /K B X 1
e Na 1 RF Sk pb A T B R 52 i K30 4 vk - 30,
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41,
3.3 MR/ YRl R E T - 39 41 R T AE 1 S )
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TR HE K 47 AT 240~260mm {5 [ P9, FT7EA ]
PR B BE R R 0 SQILAE W AL MR 7 K 1Y
(i) IR e e AR L SRR O S e s
PESRTE, T SEBLAE 255 A2 7 (O H AR AE BB XCTA]
(A PR RE S 2% 11 Na'\ CI & =i AU 3
A S AR R A B B AR AL B B
SEREBEAN T £k o SR BRG] 3 5% 3 (1t N 5 1
PR P T AR BN 5 R B M IT R IR R
A RBER IR IR PR G by 3
WEAL L4 SAR WIS R R, Na o LIkt
(O A A5 2 SR A A7 B o8 R AR e P AT
WA, Y e TR A T T
He K\ Ca™'. Mg S5 ML T IR AF B A AR R,
G T oL I P SR R A B A
PUSDIREMIRE R TS BRFT IR ] LA v b 2 FAT
Jr A5 2 PHAT al R IR o R T R K 7 T T
3 LI ALRRURE (e it o AU IR o AR AT SR T AL
T35 5% 53 e A S8 TR I B ) AR ) G i
A BT ES pH (32— DL L ah & S
R A K BRI

4 Zhig

4.1 EMACT= T BOCHE Y], 240mm K R -3
SAR PIJPRAR 12.31%, 9K 2 B A 45 #4284k 1) D1
K'. Mg™'\ CI'. Na" & B #K 45.92%~72.89%, HAL
R B 0 LR BT ORI AT 1) R
17.24%~52.89%, i 18 44, & 7 7% Al 75 8 AL BE 7 7% 1)
REFE LA T 2.27%~9.52%, ik FAG I AH & T fig 12
751 28.58%~68.68%.

4.2 BT SQI-E/K &[RRI iff s Jo] 50 X A AL
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