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Abstract: [ Objective ] Soil minerals, as the main carrier of biofilms, regulate the formation of multi-species biofilms in soil and
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profoundly affect the types of bacterial interactions within the biofilm. [ Method ] To further reveal the interaction mechanism
between soil active components and multi-species biofilms, this study selected common minerals such as kaolinite,
montmorillonite, and goethite in soil, as well as strains extracted from paddy soil, as research objects. Single strains were paired
and co-cultured with soil minerals. In situ monitoring was carried out using confocal laser scanning microscopy (CLSM)
combined with the crystal violet staining method, to explore the formation of multi-species biofilms and the response of bacterial
species interactions within biofilms to soil minerals. [ Result ] Compared with the pure bacterial system, both kaolinite and
montmorillonite treatments significantly inhibited the formation of multi-species biofilms, and the S-1+S-14 combination in the
kaolinite treatment system was most inhibited, with a decrease of 42.57% in biofilm biomass. The addition of kaolinite changed
the interaction between the S-1+S-2 strain combination from synergistic to neutral and adjusted the S-1+S-8 combination from
neutral to antagonistic. However, montmorillonite alleviated the antagonistic interaction between the S-1+S-14 and S-1+S-15
strains, and their interaction relationship shifted to neutrality. The treatment of goethite significantly promoted the formation of
multi-species biofilms in the four groups, with the S-1+S-14 combination showing the greatest increase in biofilm biomass
(46.45%). Also, the addition of goethite significantly enhanced the synergistic effect of the S-1+S-2 mixed microbial community,
causing the interaction between microbial communities in the S-1+S-8 and S-1+S-14 combinations to shift from neutral and
antagonistic to synergistic, and adjusting the S-1+S-15 combination from antagonistic to neutral.[ Conclusion ]JThis study clarifies
the effects of different types of soil minerals on the formation of multi-species biofilms and reveals the potential mechanisms for
the transformation of interactions between microbial communities within biofilms. The results of this study can provide

theoretical guidance for a deeper understanding of the microbial effects of soil components and soil biological processes, as well

as further exploration of soil biological resources.

Key words: Soil mineral; Bacteria; Multi-species biofilms; Biomass; Interspecific interactions
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Table 1 The interaction relationship between mixed microbial
communities
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Strains Biofilms biomass ( ODsos )~ Type of interaction
S-1+S-2 1.96 £ 0.08a +
S-1+S-8 1.53 £0.03bc 0
S-1+S-14 0.47 +0.14¢g -
S-1+8-15 0.30 + 0.03¢ -
S-2+S-8 1.23 £ 0.16def 0
S-2+S-14 1.78 £ 0.14ab +
S-2+S-15 1.38 £0.17cde 0
S-8+S-14 1.14+ 0.10ef 0
S-8+S-15 1.00 £ 0.17f 0
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Note: Values were presented as mean + standard deviation ( n=3);

different letters indicate significant difference in biofilm biomass
between different strain combinations at 0.05 level.; "+ " indicates

the combination is synergistic; "—" indicates antagonistic; "0"

indicates neutrality.

23 THNSTSYMEMERIFEK

B4 R VULLIR A AR AT P S 04 A= R
BURERE SR LG o SA TR R AR LG, W INE R
ERHFTZWIREGERDAEYENIE R, 7EH %
WAL HER R, S-1+4S-2, S-1+S-8., S-1+S-14 Al
S-1+S-15 VU 211k A B FF 1) A 9 5 A4 4y 6 43 i) 388 n
T 16.56%. 8.49%. 46.45%F1 12.07%. i {E 7N
TREANMEBRAONZEIRBGERS, ZWME
LRSI R B RN EE Y SE I E R = s}
A PG VR B TR AR A B TR A 4 o R O
AR ARG R R E e A bR S-1+S-2,
S-1+S-8.S-1+S-14 Hl S-1+S-15 U4 IR 4 B BE A=
Yl 8 BIREIR T 27.16% . 39.38%., 42.57%
1 17.64%.
24 WYAT T SWHAEYE R T E EERERH

B

R A5 22 Wy b A g S i) AR T A S 0 s 26
XRA W IE S50 W EAEILH ST 08T (B 5). 7
REWHEER DRI L8y YR )G, #Em 2y

Fob A= 9y 2R W e /M R TAE R — R AR A IR
YRR RO, WAL BMRIVERT s ez, AN
WPER

| 21 4 7% Pure colonies
14+t i A7 Montmorillonite
a A AT Kaolinite
12 I 1 4148 Goethite
£ b
%%Lm§c . .
8 a
$s 0'8' Y §
S \
om\ \
02§ §
00 -1+s-2 S-1+S-8 S-1+S-14
Y- P HAE

Bacterial-mineral interactions

e EPIRZELAIRERE (n=3), ARFRRRARA G
A W RE A W A 35 22 5+ ( P<0.05 ) . Note: Error bars represent
the standard deviations ( #=3) in the figure, and different letters

indicate significant differences in biofilm biomass among different
combinations at 0.05 level.

K4 IETUNT T RS EREEY Y &

Fig.4 Multi-species biofilm biomass mediated by soil minerals

XF ECAT WIS N B TR S 22 TR Y A ) R A ) o
(B 5), fESE WA b AR R v, S A O AR el AE S-1+
S-2 AW EMEVE, DA I S-1+S-8 4 A (S H 5T
ER, (RSN )5 226 T S-1+S-14 FI S-1+S-15
A T RS PUAE T, BRARIR] 0 AH BLAVE F G R A8
Ny o TE RIS A A PRIAR R e, S-1+S-2 414 Hh Al A A
ZH P RIE R (B 3 a) HAE I sifEF (S a),
S-1+S-8 A& th oz 5 s B AR HoaR Al & 18
B 2 IAEPIEN . EEH R IR R b, BR
S-1+S-15 HA HIRFEPUERH (B 3 a) W 1R
RSN, Hpr =R P RE R . FH 4k b3
WEESR T S-1+S-2 IRA R BHAR UM ERLNL,
54 S-1+S-8 Fl S-1+S-14 ZH A i #F 6] A9 FAE RN H
JEAS g S FNFEBUAE R (B 3 a) 56728 S U IRl
(K 5b, ¢)e
2.5 ST A BE A 5R Wi

EEERE AL BRRT IS Bh CLSM JEA7 W il A= 4 59
SREER A R AR (B 6 ). AR R o A2k
T )E, HAYERAY R W E S AT RIEkR,

http://pedologica.issas.ac.cn



6 1

FESRINAT RS E F KA o A Wy R B Ao ) E AR 1) 2y i 7

1883

S-1+S-2. S-1+S-8. S-1+S-14., S-1+S-15 PUZH B #E 1)
A W L A BN T 13,14, 0.94, 7.99 ., 5.13 um,

AR YO D5y
Biofilm biomass ODj,s

A=A )i OD

H: a)b)c)d) KN S-1+4S-2, S-1+S-8. S-1+S-14, S-1+S-15 41

Biofilm biomass ODs;

1.2r

R R T 2 AR AR i X 2 Rl AR
PIBENTE R (I 7) R, BHERE bR R

1.4¢ S
a) @] 5:[ b) O S-1
» © S-2 ® S-8
1.2 @ S-1+45-2 1o} ®S-1+5-8
1.0t 4 g Q
Q ) o 0.8 ®
ost 4 $ =2 .
R E 06
ki
0.6 é B2 +
0.4 ;E % 04
’ 9
0.2} 0.2
0.0 = oy R~ 0.0 = vy "
ST wle AT [R7R) ST AT Bk
montmorillonite  kaolinite goethite montmorillonite kaolinite goethite
AbFH Teatment Ab ¥ Teatment
120 a.
O §-1 12 O S-1
c) d)
® S-14 ® S-15
1.0+ % @ S-1+S-14 _Lof @ @ S-1+5-15
0.8} 3 50 o8
e
L ) N E % +
0.6 % § E g 0.6
g
L S = *
04 % Y BE 04 2 ?
@
02 @ 02 +
0.0 ——— S - 0.0——— — :
e A EHEkaT S U A RN
montmorillonite  kaolinite goethite montmorillonite kaolinite goethite
AbF Teatment AbFE Teatment

& 5

AN TRV AR 2 BT RS 5 T AR 14 A W I A e X L

Fig. 5 Comparison of biofilm biomass of monoculture and co-culture strains in different mineral systems
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Fig. 6 Confocal laser scanning microscopy images of multi-species biofilms under different systems.
a) Y if 41l Live cells ] ZE41IE Dead cells b) XY i 40fid Live cells [ FE40J{I Dead cells
100 - 100
X 80r X 80+
G RN
=3 e0f = 8 60f
41 5 1%
% g 40t = g 40t
= s
P 20| 35.27% L 20}
= 1] 2073% . = ) N
F 22.86% 14.55% 19.90% 11.62% 17.24%
0 4.64%
S-1+S-2 S-1+S-8 S-1+S-14  S-1+1-15 S-1+S-2 S-1+S-8 S-1+S-14  S-1+1-15
AVRME T 2l 1 R FHERT B IR R
Pure bacterial system without the addition of goethite Goethite addition system
F7 ORI R T 2R R YR N ARSI A o L
Fig. 7 Proportion of dead and alive cells in multi-species biofilms under different systems
AR () R SR TAmR R . S-1+ R — AR S0\ PR 4L pg Y, 3% i A A G e

S-2. S-1+S-8. S-1+S-14 FI S-1+S-15 PUZH IR 15 7t
F14) A= 0 D2 R B R A s b, EL LR b
HAR T S-1+S-2 AW EY Y ik, HAE
YIS AR RE RS 43.97 um (& 6), & ik
95.46% (& 7)o S-1+S-15 14 1E W IE Y IR AE ) 5
55, IRG SRR H A YRR RN 3.67 um, TE TR (5
Fboh 85.45%. ASIXI 45 it — L Wi 1 £k B AT
it Z W A= W RSY R VR T, LA i 4 T R )
FHEAE R ) Uy [R) & G AL

3 3 ®

3.1 TEW X &Y A Y R B R R R
A 5 AR R AR ELARE R X ) e Y i
o AR AT U IR . 56 R T
S At A5 RO B A I A T S o
R RHERR S, RIRE, IR Yl A B
SRR T 240 AT 1 A R 7 A S T RS R
BUSE A1 A U A7 2 S I T 22 R AR M Y
I END A Cxap (32 LRI R ve S i T T A
Ben B T Z YA AE YRR (1B 4). S
AJET 2 1 BUZAREERRER S, i P ik S D T

(—18.24 mV ), 555 67 i 110 20 TR7 40 it i) 25 7= 2 i vpL )¢
1, UEES T AN A0 AR YRR E AR LR R B, T
Xof A YR T B AR AR o sl 1 1 LR
REEFRERD W, FA — > RE ST m AR A — R EN
R, AHGETS 1, S A7 SRR R
A BB 2338 48 2 1] BH 55— 3¢ 460 sl 38 7 445 440 V5 A e s 11
ARAS ALY, O AP AN A BRI B E R,
o AR (E S T RS A A R, B QS
() 2 TR T IR A YT BE () 2 4 1, e Ml B9
BT P, Bk — e IE HL g, AT 5 L e
F14) 200 TR A4 6 A A S R o AEL TP A R TR AR 2 B
REFIR, CHANMR S B E R R L, B R A
A RES K AR 2R S | R AR st o0 R BTk
MR . Z O sFET- A 2 Bl AL-2 (5543 F,
F# QS LML, ELIAT AN EH 41 vl LA TS
RTINS A IR T
32 TETYNESETEVENEKREEEXRE

Lo

PRI ] )RR B AR ] — B R T 3 A R R R
Fzs ], DA Rh 7e v v 045 S0 i 5 4 L 5
A WG B G AL G R D T2 B8R — il 4 v
G, BB 1474 #E 3 A — AR A B T

http://pedologica.issas.ac.cn



6 ] FESL AT

PR 55 U T KRS e A W A MR Ao [ A ) A o o A 1885

Ui, (EPIRREERIA B BN, R T
Ta A, SR W IE A A WA P T A B ) LA R
AWy AR B

22 ) ol A= 0 FEE VN TR R ) A7 AE 22 RO ELAE DB
X, HEBZRHEERCRSZE HET W
SO T K A U o FEARWRIE b, W TR B TR AR (] 1Y
FHEAEFIC R A PEAETG i £ .

LU T 552 5 A A BRI I PR — DR A A 0 R A ) o
B, CAMIETE S-1 A A YR 1.63 (K 3)
TEEZE 0.61 (F 5), S-14 Fl S-15 FERI A A
Yoy WIREAR T 0.86 F1 0.59; 152 i A1 ¥R AT i
S-1+S-14 F1 S-1+S-15 P 4L IR A B ok 1 A= W B A= et
AR K, H S-1+4S-14 Fl S-1+S-15 145 HAH HAE
X R ESEPUER o sr, S A %% T
S-1+S-14 Fil S-1+S-15 A W RERI N TE PR o 7E4L
WEFRIE RS (B 3), S-1+S-8 IRG I LW A
Yy TS SR A S-8 TRk, KT S-1 Btk
VA DA R (B] B VR S 3h Th ST AR A s AR 52 WA b B
F,BIRYE S-1 R BRA LG, S 195 5 S-1+S-8
AW EY A YRR T 0.03, HEETHHCRAR DR
(K 5), HFRME S-148-8 HEWH L RER, X
— TR 4t SR e WA 2 10 A7 5 40 T 200 16 0 i o e P
XTI A AR P BEAE S AR . S F TR
W, 240 Y Y EPS 443 OB A, ok
PRIFRIEI R RARIRE, AN S5 & AR,
TR T IR G TEMRE e R (FEPUEA ).

EE AR A A Z BIRAVECR (E 3)
e A EAE R AE (| 5) o REFFREM,
A e S A AR R T A AP, B
Vo T IR AL 2 XoF A B R A 4T o 40 R
FEIER0 ) FEARRRTE o, I A SRR A B P 2
B A 1 56 2 e e PR A AR IR A (| S), Hos
PRI AT B 2 PR Ok A - o 0 A A AR 2o A v R
() APRBE T B/ 4NBE, BET 040 B 40 RT LAk 76
MR UL IR 5, ORI B s T S A
S BT I 75 R B, TR R AR )Xo IR o 7
MASOI e g oo, HAEEARS S RIFA
T e 1) £ R R AR, R A A A B
S-1+S-2 2404 i I UR [ VE FHE g sz, fiff S-1+S-8 41
A R ST R RSP AE

AN T 28 50 ) A o LA AN ] B B R RE 0 BT e A
BRETES IR FR SRR TR R 2R ) Y R

FeZ B FE BT IR T HORES, W5 — At
S 5 R ) T A R LAY 58 S B A W R
FHAET J5 B e B R B IR, O PR Z o i 4l o
ZAT R BTG 2 (B B S S A, DRI o 0y o ) 14 4
PR 2 B s, HHAR B FH S B 22 AN W it 1)
PG AR AL X — 4558 AP IR AL,
BID by T — ¥ 200 TR 2 B A T S B0 ) i TR Y I L
B, DNTTHE 58 1 20 B 18] ) 2E 1) AR AR

4 % ik

5% WAy R U4 359 8 S5 ) T 2 R R R Y A
VIR R RE Ty, AR S5 WA N T 4l
AW YEAYE . SZEBABRINER T S-1+S-14
M1 S-1+S-15 A Wk Z B 5 PL/E R, HAHEAEH
KRG AE Ry b Sr, AR I R AR A W AL B A
(S-1+S-2 il S-1+S-8) ZMIMAHEAEH LR ; EM
WA b BRAR R, B S-1+S-2 414 LR R 00 3
NS DAL, g =R IEYER ; £k
WAL HAE S-1+S-15 26 H S BUAE R HE N S AF
FH, fdf S-14S-8 FI S-1+S-14 2H & %5 P FIVEH
AH M 5T 25 0] Sy itk — 24 7 Z W Fh A PR 5 35
2 53 1) EAE DL B2 (LT S AR} 2= B AR

S %Wk ( References )

[ 1] KongYL, QinH, Zhu C Q, et al. Research progress on
the mechanism by which soil microorganisms affect soil
health[J]. Acta Pedologica Sinica, 2024, 61 (2):
331—347. [fLIW, ZAe, REM, 5. LIRHEDE
i L S f R A VR AL DR T SR (0], LAl 2024,
61 (2): 331—347]

[ 2] Burmelle M, Hansen L H, Serensen S J. Establishment
and early succession of a multispecies biofilm composed
of soil bacteria[J]. Microbial Ecology, 2007, 54 (2):
352—362.

[ 3 ] Rendueles O, Ghigo ] M. Multi-species biofilms: How to
avoid unfriendly neighbors[J]. FEMS Microbiology
Reviews, 2012, 36 (5): 972—989.

[ 4] Cesa-Luna C, Geudens N, Girard L, et al. Charting the
lipopeptidome of nonpathogenic Pseudomonas[J]. mSystems,
2023, 8 (1): ¢0098822.

[ 5] Seelbinder B, Chen J R, Brunke S, et al. Antibiotics
create a shift from mutualism to competition in human
gut communities with a longer-lasting impact on fungi
than bacteria[J]. Microbiome, 2020, 8 (1): 133.

[ 6] LiLY,Zhang W T,Zhang S J,et al. Bacteria and archaea

http://pedologica.issas.ac.cn



1886 + o IR 62 &
synergistically convert glycine betaine to biogenic Biochemistry, 2021, 162: 108417.
methane in the Formosa cold seep of the South China [ 21 ] LiuX, Laipan M W, Zhang M, et al. Microbe-mineral
Sea[J]. mSystems, 2021, 6 (5): €0070321. interactions : Mechanisms and immobilization effect

[7] ZhuZB, ShanLL, Li XS, etal. Effects of interspecific toward heavy metals[J]. Environmental Chemistry, 2024,
interactions on biofilm formation potential and chlorine 43 (2): 377—392. [X¥f), HiEREE, i, % ME
resistance: Evaluation of dual-species biofilm observed in Y- AR EAE R P A R O [T]. MR AL
drinking water distribution systems[J]. Journal of Water ., 2024, 43 (2): 377—392]

Process Engineering, 2020, 38: 101564. [ 22 ] Atkinson R J, Posner A M, Quirk J P. Adsorption of

[ 8 ] Corre M H, Delafont V, Legrand A, et al. Exploiting the potential-determining ions at the ferric oxide-aqueous
richness of environmental waterborne bacterial species to electrolyte interface[J]. The Journal of Physical
find natural Legionella pneumophila competitors[J]. Chemistry, 1967, 71 (3): 550—558.

Frontiers in Microbiology, 2019, 9: 3360. [ 23] MaWT, Peng DH, Walker S L, etal. Bacillus subtilis

[ 9] Maes S, De Reu K, Van Weyenberg S, et al. Pseudomonas biofilm development in the presence of soil clay minerals
putida as a potential biocontrol agent against Sa/monella and iron oxides[J]. NPJ Biofilms and Microbiomes,
java biofilm formation in the drinking water system of 2017, 3: 4.
broiler houses[J]. BMC Microbiology, 2020, 20 (1): [ 24 ] Yin Y T. Research on regulation of Lactobacillus biofilm
373. formation and their characteristics[D]. Wuxi, Jiangsu:

[ 10 ] SimdesL C, Simdes M, Vieira M J. Biofilm interactions Jiangnan University, 2019. [ — &, FLAT B8 Az 40 M5 g fi5E
between distinct bacterial genera isolated from drinking FLAE S HAR RS [D]. 1L TC8): LR K%, 2019.]
water[J]. Applied and Environmental Microbiology, [ 25 ] Makovcova J, Babak V, Kulich P, et al. Dynamics of
2007, 73 (19): 6192—6200. mono- and dual-species Dbiofilm formation and

[ 11 ] Afonso AC, GomesIB, Saavedra MJ, et al. Bacterial interactions between  Staphylococcus —aureus and
coaggregation in aquatic systems[J]. Water Research, Gram-negative bacteria[J]. Microbial Biotechnology ,
2021, 196: 117037. 2017, 10 (4): 819—832.

[ 12 ] Palmer J D, Foster K R. Bacterial species rarely work [ 26 ] Xiong Z H, Zheng J W, Sun H R, et al. Biofilm-
together[J]. Science, 2022, 376 (6593 ): 581—582. overproducing Bacillus amyloliquefaciens P29AsinR

[ 13 ] Wu Q T. Environmental pedology[M]. Beijing: China decreases Pb availability and uptake in lettuce in
Agriculture Press, 2011. [RJg4. W22 (M]. db Pb-polluted  soil[J]. Journal of Environmental
e R EgO A, 2011.] Management, 2022, 302: 114016.

[ 14 ] Ehrlich H L. How microbes influence mineral growth and [ 27 ] FengWL, LinZY, LiYY, etal. Interaction between
dissolution[J]. Chemical Geology, 1996, 132: 5—9. bacteria and soil minerals and application of

[ 15 ] LiuBR, JiaGM, Chen]J, et al. A review of methods for bacterial-mineral composites in remediation of heavy
studying microbial diversity in soils[J]. Pedosphere, metals polluted soil[J]. Acta Pedologica Sinica, 2021,
2006, 16 (1): 18—24. 58 (4): 851—S86l. [E3CF%, Mritny, s, 45 24

[ 16 ] SunY, Wang YL, LiL, etal. Distinct biotite-weathering W- Y EELEEGRERESREZ TN D, -
activities of Arthrobacter pascens F74 under different HE2A4, 2021, 58 (4): 851—861.]
contact conditions[J]. Journal of Basic Microbiology, [ 28 ] Tang H M, Wang W Z, Peng DY, et al. Experimental
2020, 60 (4): 362—371. study on reaction of montmorillonite with CO, aqueous

[ 17 ] XuSZ,XingYH, Liu S, et al. Co-effect of minerals and solufion[J]. Oilfield Chemistry, 2022, 39( 3 ): 455—460.
Cd (1II) promoted the formation of bacterial biofilm and EHER, T3, BRF, 5. FWA-COL ViR RN
consequently enhanced the sorption of Cd ( II ) [J]. SLERWFST[I). Ak, 2022, 39 (3): 455—460.]
Environment Pollution, 2020, 258: 113774. [ 29 ] YangSS,QuC C,Mukherjee M, et al. Soil phyllosilicate

[ 18 ] Nannipieri P, Ascher J, Ceccherini M T, et al. Microbial and iron oxide inhibit the quorum sensing of
diversity and soil functions[J]. European Journal of Soil Chromobacterium violaceum[J]. Soil Ecology Letters,
Science, 2017, 68 (1): 12—26. 2021, 3 (1): 22—31.

[ 19 ] Cheng H, Jing Z H, Yang L, et al. Sunlight-triggered [ 30 ] CaiP, HuangQY, Walker S L. Deposition and survival
synergy of hematite and Shewanella oneidensis MR-1 in of Escherichia coli O157: H7 on clay minerals in a
Cr ( VI) removal[J]. Geochimica et Cosmochimica Acta, parallel plate flow system[J]. Environmental Science &
2021, 305: 19—32. Technology, 2013, 47 (4): 1896—1903.

[ 20 ] JeewaniPH, LuoY, YuGH, etal. Arbuscular mycorrhizal [ 31 ] CaiP, LiuX, JiDD, etal. Impact of soil clay minerals

fungi and goethite promote carbon sequestration via hyphal-

aggregate mineral interactions[J]. Soil Biology &

on growth, biofilm formation, and virulence gene

expression of  Escherichia coli 0157 H7[J].

http://pedologica.issas.ac.cn



6 1 PR s TSR K e R S LR 1. 0 i B 1887
Environmental Pollution, 2018, 243: 953—960. in silicate minerals[J]. Metal Mine, 2005 (9): 38—40,
[ 32 ] YangCL, DongY, Friman VP, etal. Carbon resource 58. [PMEDY, KR, RERREL AN A K KO iERRER
richness shapes bacterial competitive interactions by FEERAIRVED]. &JEm i, 2005 (9): 38—40, 58.]
alleviating growth-antibiosis trade-off[J]. Functional [ 36 ] Zhou Y F, Wang R C, Lu X C. Anorthite dissolution
Ecology, 2019, 33 (5): 868—875. promoted by bacterial adhesion: Direct evidence from
[33] LiYL, LuYM, Han Z M, et al. Bacterial biofilm: dialytic experiment[J]. Science China Earth Sciences,
Composition, regulation and association with plant[J]. 2011, 54 (2): 204—211.
Microbiology China, 2017, 44 (6): 1491—1499. [% [ 37 ] ZhangRY, Zhang Y T, Neu T R, et al. Initial attachment
e, BN, IR, 4F ANy R RIS and biofilm formation of a novel crenarchaeote on
FEYIERD]. ek, 2017, 44 (6): 1491—1499.] mineral sulfides[J]. Advanced Materials Research, 2015,
[ 34 ] BaiAZ, LiRY, Wang XY, etal. Biological effects of 1130: 127—130.
high voltage electrostatic field on E. coli[J]. High Voltage [ 38 ] WuY, HouL D, Zhang J. Antagonistic effect of bacterial
Engineering, 2016, 42 (8): 2534—2539. [H &k, &= strains in complex microbial inoculants and the screening
Bz, EHET, . S HE N KA I A R of their culture condition[J]. Acta Agriculturae Zhejiangensis,
NE[T]. TEEERAR, 2016, 42 (8): 2534—2539.] 2016, 28 (5): 820—827. [, BiST, kA& EH
[ 35 ] SunDS, Zhang Q. Research on growth of silicate bacteria TRCEE Wy TR ) e 5 TR R ) 1 5 e i 6 B 3% 3% 2% 1 1) O

and their leaching and dissolution of silicon and aluminium

[0]. #iimdel2&4, 2016, 28 (5): 820—827.]

(REHE: © )

http://pedologica.issas.ac.cn



