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W OE: T YR R A R AR SO SR RERRE T AR, A — RS ES R R NS R R 2R A TR (Bacillus
subtilis)hs032 IRIEXT G, B 5 MK, 7. 9. 15 F120 mL/kg )JFJE T EAEEFHA . 45 R B8 MEXIEA, #itk hs032
BEfS B E R I M N 2 & B (P<0.05); IRERSEHN (30 d) T HEPA TR & BP0 N 7.2 gkg, A BT 31%, FLEEE
BFtE 11.8%, M &R TR 41.5%, pH FREE 7.16 ~ 741, BINEHE hs032 2 ffi HHEM oA 4 A5, T HEFLBRUK IR B &
PR BAG. B2, AR ZEAAT B hs032 REASHA B it e IL I R AUK SR Z B S50, xR+ HEA 3 T AR A — @ 1y SEbrn
UIXIE

KB GRS EhE; HHO R HHEREEREG Bl

B %EE: S156.4; S152 XEkFRARRD: A

Effect of Bacillus subtilis hs032 on Physicochemical Properties and Dispersal Capacity of

Saline Soil
GUO Yanzhao, JU Qinwei, YU Feng, HUANG Mingang, QI Fei
(Institute of Microbial Engineering and Technology of Shaanxi Normal University, Xi’an 710119, China)

Abstract: In this experiment, a high extracellular polysaccharide-producing Bacillus subtilis strain hs032 (NCBI accession
number: OM339850) isolated from saline soil, was mixed well with saline soil under 5 microbial application levels (5, 7, 9, 15
and 20 mL/kg) and incubated indoor to investigate the effects on soil physicochemical properties and dispersal capacity. The
results showed that the addition of microbial strains hs032 significantly increased soil microbial content and polysaccharide
content compared with the control group (P<0.05). At the end of the experiment (30 d) soil agglomerate mass increased
by 7.2 g/kg on average, bulk density decreased by 31% on average, porosity increased by 11.8% on average, soluble salt content
decreased by 41.5%, and pH decreased to between 7.16 and 7.41. Addition of strain hs032 shifted the soil penetration curve to the
right, increased the soil pore water flow rate and decreased the diffusion coefficient. In conclusion, Bacillus subtilis hs032 can
significantly improve soil physicochemical properties and water-salt transport, thus has certain practical application value for
saline soil treatment.

Key words: Soil microorganisms; Extracellular polysaccharides; Soil physical and chemical properties; Soil dispersion

coefficient; Penetration curve
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B AFAEECWI AR RN, R RETEK
M A PR RE S B I R AR o, P20 RIS IR, R
LRk fE

TR G CEhREACE, ERREIK ST
A AL . BB 9T 45 21 © Uk I A Y Re s 7
T iR R E LA VER (R P TR+
TR S REPE R S 2N A BT . DR, AR LA
NERB A 53 B B v 7 B A 220 TR A R 2 AT TR
(Bacillus subtilis)hs032 “AiREG 1 BL, WF5Y T % NG
S AT AN ) R o2 o i o) - 49 AL R % S T
B ML VR R R E 2, LUAEh b A 76 B

ARTT R FLHES5 B B
1 HREH®

1.1 iRXIewr

AR b S AR S 56 5 R B 38 rh 2 g 5 2 Y
1o 77 M 4D 224 TR R A 2 FAT R hs032(NCBI % 55
50 OM339850)1°), fHat - HER [ B o4 2 AR T R L
XS4 (37°46' N, 109°11' E, 53K 1088 m), HUKE
REE 0 ~ 50 cm, A 5 A7 BOREHI B TR A FE, 3k
A AR A R P BRI S BT A SR I e XUk
AT, i 2 mm Gfigs F o - BEIEAAL M RN 1 iR

F1 il RERBAMER

Table 1 Basic physiochemical properties of tested soil

pH FER/IN A PEER + UKL 431 (2/kg)
(g/kg) (g/ke) (g/em’) Bk Wk bk
8.68 3.62 8.90 69.8 365.7 564.5

1.2 RIgit
1.2.1  hs032 AR 4= 581 J5 1) 5% i WAl B2
FIFT B hs032 LS 4R 2= BPMU S, THIRTE
PEH 30°C 180 r/min 7515 55 24 h® UK BAE 8 000
r/min B9 1 FESL 10 min, F)HJC B ACK A g,
FAE 8 000 r/min MY Z5F N E0 5 min, HE 2 K. Fl
FHICE KK BRI EC S, ODgoo = 1 BIFRHER B, &%
S MMEIE K, SRR A T 50 7.9,
15 #1120 mL FRifEmEM, JFEcE 1 DRHIRA AT
BRIZK , K - S0 S 5 TR T IR e PR 7 1 it FH 7K S
IRAHE) . FIHICHEZKIE Y HHE S KR AR, HetH
AU ARG R A, RRALE 3 DA . KA 4Lk
BHTER27C £1°C, W 48% + 5% MEN, K
30d, SrAIfERFR 0, 3, 7. 11, 15, 20, 25, 30d
SRAFERG I+ HERRE

3 SR < K R A SR AR SRV i
EP e ORISR T s LR R
FeE i ey 44 pH SR 258 Tk e IR R
M 1 2.5 Boi R, T RE PHS-3C R T
i P B AT BT g A T A o 7
Y ERA . R ATP 596 R A9 R ML
TR E B AT 7MY, A Luminultra
Technologies 7\ ®] A QuenchGone2l Wastewater
(QG21W™)i 54 F1 PhotonMaster™ %)) EE 11l
s BIRZPES RGN, FRECEIERES S0 g BT
100 mL =i, F 50 mL 2.0 mol/L ARfRIE/KIE 6 h,
KfpSE R R G g, IS TINA 5.0 g CaCOs

W, g EAE 100 mL, BUKMR
1.0 mL T30 8 b 4 RO — 4 R 15 A B T 620 nm
T WO
1.2.2 hs032 FRAMN HEARREGE I D+
g mgEE . TP AAET R Na™ Sl
T HOKFRNE A SRR MRAR | 7AW AL RS
P BARPERR . A R AR AR R UG
BN H-HEX) Na™ BysREne ). BR FHE N E K
Sh—AEA MBS E AT, AP 50 cm, N
10 cm, 2%+ 40 em. ¥ 1.2.1 1535 30 d J5 09 1+ 584%
HEF 2 d5 i AR ) R R A T AR, SR EEIE . R
FHE FORAEAK, fh0R B HIZEIRK , s ERFRIE ] 3 g/L
() NaCl ¥ . K #E DWS-51 BIgHES - i
WP Na® Mo, g B 1 s

o5 B P i AZE IR K, A R i A A+
e, HEz BERLBR P A S BA LR, FIHEIK
AR = T R 3 om, (R AU AR
FEKI, 0 K o R e I A
W Na® WRE, 8 3 WEEARLRANT 5%
F, K 5 IO P B4 3 g/L 7 NaCl I -
H A FA ) Na™ FEARTHaT, ) Re— 2 04 B i)
FEH T Na™ W, HEH DK Na’ kS
AR, ZE s s, S B IR H
SEREE, R L SCE S LA (), 1T
FALBRARFIEL Py=V1Voo FIH Origin 2021 A2 il A
PR (C1Co) SELBR IR (P R K Rl 2k, RIfS+
e e 2 .
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Fig. 1 Schematic diagram of one-dimensional soil column experiment
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X e oA AR, AT Origin 2021 i
UG IR, 15 BRI S ELE - logistic 5 A2 R AL .

y=A. +M (1)

—h s
{H[xJ ]
Xo
K Awin A TBIE: Ama B EBFHE: X0 H y
AEETY x (85 A ARER; s AEHISEL
) AR R AT, B AL
B K s R, B DA R B ALK B E I o 78 ik
AR E T, RIS, ALBUK YY), +
58 v 7R R AT LA Ry — 4 2K Sy R T Bl R) A, O
Al AR IR N
2
Hrp, C(x,0)=0,0xx<o
C(0,6)=Cy, t>0
C(oo,t):O, t>0
— YA RN s B i B, XA R O R ) AT i

C(x,t)= %!eﬁc[%] +exp[D—wz] erfc{%ﬂ
(s L
(3)
ARG, FS AP S 1 BUE KT 2

i, RIZEER 2 0, SR

C(x,t -
(x ):lerfc XV 4)
G 2 2Dt

AN -

C(x,t -

Clnt) oy x=v )
C() 2 Dt

Kf: N ONIESS T RE, WE m=ve, brifEz
o=2/Dt , WIEBNAMHE, N1)=0.841, N(-1)=

xX—vt xX—vt

2Dyt 2Dyt
B, B C/C=0.841, fEZEEIL Lk C/C=0.159
1 C/Cy=0.841 B AT 45, B A5 ARG ARAR N £o.150 Lo 8410
X RIS T — R G AR, T4 A x Ab i
R BOTE A

2
L x—Vly159  X—Vlyg41
o 8( \/to.159 \/t0.841 J ©
Krh: Dy AR IR EERE (cm?/min); fo541 K 10150
A3 R AR R BE C/Co A3 iliAE] 0.841 Al
0.159 XJ J% B4 IF 6] (min) ;3 v b M3 WK S2 B
(cm/min),
1.3 BiEgit o

HIHT SPSS 21 B A X AN [al it 7 et - 38 AR P Tt
HEAT B E 5 22 50 M (One-way  ANOVA), %
Duncan %4740 1A 1 4G 55 . FIH Origin 2021
1 Redundancy Analysis(RDA)J 1443 Mk 4= 9 & &
52 & R R, A Origin 2021 42
il T3 A MR IR B AR AR AR A I D R A R o
SIS

2 HEREHH

2.1 @50 hs032 Xt 3 A W45 1R R M
2.1 XF A HERCE Y& R G 5 b H A
Tl W B 48 0 35 5 T X BRAL(P<0.05) (K] 2A) . TERS
FEIA], TRV ROt ) B3, Y e R
AR AR fb RS 3 BV Il 15 1 20 mL/kg 1)
TR Y i R I N S B8 T R
P I HABITEREFE 7 d 9 d RHERIMUEY) & iR
i, RO GRE] 107, WWASINE 5. 7 A1 9
mL/kg 1 3 b BEYL A W i 2 IS G i £
FEA AR E a3

15 A1 20 mL/kg PI-AbHZH - B A 4
K, RENSEJ I E] NA B E Y & i d B, JE AT

0.159. 34 =1 B}, H C/C=0.159; 24 =-1
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VAR B3 e B Tl A 0 i B B X8 s B 0 5
BT BRSO, X TR th TE IR R IIFER, 13
AT IR I BSE TR T S BN, 5. 7 19 mL/kg
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Fig. 2 Soil biological characteristics under different hs032 additions
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2.2 A0 hs032 3F TR AL 4 MR 200 AEICU B2 R(P>0.05), (HEEMTHEBAINE N

221 XS EAALBEE W 7RI 30 d
PG, X BRZH Y2 B (18 3 A)FIFLIRE (18] 3 B)
BN ] 28 AL AR 35 (P>0.05), T 4% b FRAH 4 435
AL B A ] 25 1k 35 (P<0.05) 45 A FRA11Y 1
WARERYRW T EESE, B MAMAE TR
26.4% ~35.6%. WA A 20 mL/kg Zb3Z] + 1
KEBRINERZ, RIEE5HRER 1.01 g/em®, RIGZE R

517 mL/kg BAEEEL](P<0.05), 3 FLERE ETR
AWWZ G0 dgif T 83 225)(P<0.05), JFH LTt
T 32 i 2 TR VRVAS T () 18 T RS I A %
BF(15 A1 20 mL/kg), TIEALBREARLEIAR] 58 2
B iSRRG WS IR N (5. 7
9 mL/kg)fLBREE AL nT 43 3 B . GRA@sn . PR
TSGR S G0, 3 AT R85 R BT A AN Y

PRI 9. 15 F1 20 mL/kg 3 MEFIAI+3E MM ZHEA X,
- i
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Fig. 3 Soil bulk densities and porosities under different hs032 additions
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2.2.2 X IR R A pH AY 2 IR AL S A RN (4.5 g/kg), FEIRIREE AN

et A 32 - 458 AT PR R R O TR RE 2 W T R
(P<0.05, &l 4). KB AERE 7 d Z AR T
HA, 7 7 d ZJE IR 15 F1 20 mL/kg A94L
PR IR R S TR 2208 I, i LA A B
b AE NI B, I Hka ) PR s AP . BRI
I £ 22(20 mL/kg) YA BRZ 7RISR 7 d A 2]k i sh

ABa

LI EEL A (gke)

5.2 ghkg, MHEIREA), TR 41.5%. REEEHR %
AbPREZH A+ HER AN TP o B B 3 22 51 (P>0.05),
TN IG5 b 332 148 pH 3R B 58 T IR
TR S(E 5), 7RSS 3 d ZJEHHXT X IR
R (P<0.05), FFEIREE 10.83% ~ 13.84%, HA&
R EEEFAFARL, ¥R 20 d B R EHE] 55,
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Fig. 4 Soil soluble salt contents under different hs032 additions
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Fig. 5 Soil pH under different hs032 additions
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A 20 d PREUTF R, N REIREE 5 ST BRI EERY 90% LA
1, 20~30d FREHEESE . N R K2
9 mL/kg FRAS AL HA], pH YL 8.61 ~7.16. ik
Y25 AT, 9 A1 20 mL/kg BRI AL 2 7], 5
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223 X HBOKRMERRIE SRR & 6 h
BRI TR AR TR AA(0.25 ~ 0.5mm KEg%) & it
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Fig. 6 Soil agglomerate masses under different hs032 additions
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Fig. 7 Redundancy analysis of soil microorganism content and
polysaccharide content with soil physicochemical properties
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HMZeRbRA G, b HBRFRIMEREREB/N, H)
BB SE h AEAF T, 2038 M 2 0 R BE TR 7S
ARG TN , 2 BN I TR AT DA I T 2R 0B A
S BRI AE R . BRVRAN I 20 mL/kg AbFRL AT
WA 2B [ HE ST 50%, 58 4= %8485 Fr i B ] 384 Jin
27.8%. JFH., S5l g H2H 3L B K A
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Fig. 8 Soil penetration curves under different hs032 additions

2 HELREFEHEUSSE b FLERKTER AR
Table 2 Parameters 4, pore water flow rates and dispersion
coefficients for fitting soil penetration curves under different hs032
additions

FR A = (mL/kg) ZH h v (cm/min) D,
0 8.190 62 0.515 0.676
5 8.793 17 0.538 0.728
7 10.535 17 0.565 0.632
9 14.102 43 0.658 0.439
15 15.951 96 0.705 0.377
20 17.147 75 0.719 0.382
3 itig
3.1 HEFHEIFE hs032 XtEh I AR
A

AARIGITE T — B 7= LS h 2 WG o 2 AT R
hs032 Xt R A B | AlsE Atk LR oy
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[R5, At AT A P AN W] 5 SR AR B, AR T AR
BARIMERE . WINT hs032 AYERAN L 75 156 2%
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P AL Tt R A B4 AN B 7R BT DA B
Bt RAE P e X S TER TR R s
B AR U R R AT RE S R+ iR AL
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e A KRR HIPER R . RRIFIER hs032 A
J& , TR R S R T, AR
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H By S r ey, 23l ik e 5 | ) W B A - B RO 2%
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AR D TR A W A Xt A 398 TEALER A W ORI o AH
PR A S RE R, AR 10° cfu/g UL, H
20 P TOHLER B R T 20 . Xie SR VRIZE /N 450
SR F A S i o g Pl S SR o 3 R (R R

http://soils.issas.ac.cn



5 4 19

SREEANEE . AEERZEAAT B hs032 X Ehms B AL T K SR AL ) AR e 815

I G/ BN e L e A S 2 ) A e 7 1 1)
1) - 49835 VR T BB s T AR AR I ol R v A e 2, 2
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