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Abstract: [Background] Silicon, which improves the stress resistance, yield, and quality of crops, has
been widely reported. However, the conventional neglect of silicon fertilizer results in the continuous
decrease in the content of available silicon in arable land. Therefore, it is an urgent task to raise the
content of soil available silicon. [Objective] The content of available silicon in soil affects the
absorption and utilization of silicon by crops. Silicate-solubilizing microorganisms can continuously
activate available silicon in soil, which helps improve crop yield and quality and reduce the application
rate of chemical fertilizer. [Methods] Selective media were used for the enrichment, isolation, and
purification of soil silicate-solubilizing strains, and the silicate-solubilizing ability, saline-alkaline
tolerance, low-oxygen tolerance, phosphate-solubilizing ability, potassium-releasing ability, and
cellulose-degrading ability were determined. With malachite green as the primary stain and safranin as
counterstain, the spore yield of high-efficiency silicate-solubilizing strains was measured. Finally, the
maize growth-promoting ability of efficient silicate-solubilizing strains was investigated through pot
experiment. [Results] Two efficient silicate-solubilizing strains were obtained, MB22 and MB35-5.
They were identified as Priestia aryabhattai by 16S rRNA sequencing, and the concentration of
available silicon in the culture of them was 1.5 and 1.7 folds that of the blank control, and 1.1 and 1.2
folds that of the control Paenibacillus mucilaginosus 3016, respectively. MB22 and MB35-5 showed
high saline-alkaline tolerance, particularly MB35-5. Specifically, under the conditions of pH 10, 10%
NaCl, and 10% KNO;, the concentration of available silicon in the culture of MB35-5 was 0.28—0.37 mmol/L.
The spore yield of MB22 and MB35-5 was 68% and 55%, respectively, 1.69 folds and 1.37 folds of the
control strain, respectively. MB35-5 had phosphate-solubilizing ability, potassium-releasing ability, and
cellulose-degrading ability. Pot experiment showed that the two strains significantly increased the plant
height and root dry weight of maize plants, especially MB35-5. To be specific, the average height of
plants treated by MB35-5 was 1.39 times that of blank treatment and 1.14 times that of plants treated by
control strain. The root dry weight of plants treated by MB35-5 was 1.37 times that of the blank
treatment and 1.24 times that of plants treated by control strain 3016. [Conclusion] The
silicate-solubilizing strains MB22 and MB35-5 were screened out. Among them, MB35-5 with high
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spore yield also showed phosphate-solubilizing ability, potassium-releasing ability, cellulose-degrading

ability, and growth-promoting function, as well as the saline-alkaline tolerance and low-oxygen

tolerance. Thus, this strain should be further tested and developed.

Keywords: silicate-solubilizing strain; Bacillus; saline-alkaline-tolerant bacteria; spore yield; promoting

plant growth

R STHh F i 2 H XY A KA B3
fEEVE R A toe R, B AR 2 iR E U AT
PR m YA E YRR Y a i ae 10
JE it AN SO oK KR SRR VR i i
R it ST A 2 B e VRO, i EL AT AR K
JC F B A U it X R B R A R ™ A WY
KW, RBECRAEYAE TN PRI £ 5
2.24 42 t R, WiREAE L EE LU TR R
I X AF A, AW DA A B 3R M LA
Si(OH), ML MChE, Si(OH), FEV I Y
KEARIEL)N 2 mmol/L, HAE + 5 b ik
JBE 3 4 7E 0.1-0.6 mmol/L Z [A]1M% ) 3 175 1 13
AREEANFEIE N E R, TR A B AR
R EERRESNERL) . ZALKCRERRES . Al
FERRER (AN AN RERR L) , LA K HA R AR R 5 4
RE IR AT FIRINE A7 4, (B T R AR A 7 AT A7
FE R A [ R IR AR R R R
AR A S5 AR S AN 1 O IR E B AR REAE , (HATS
FEFERSETG Y8, M2, mAhERR £R 240
T K 5 PR SR (R B BA PR . 207 . mI R4k
PR, LIRSV REMAI AR, IFmLd
Ak

Tk iR £h 41 B (silicate bacteria)f&—2S HAg 4y
FRIETRER VI RE 1 BY 41 TR A EPR , A ve
IRTETH (Burkholderia eburnea)™ % B THFE 2 i
¥ (Bacillus pseudomycoides)“z]\ 2GR R
W (Pseudomonas fluorescens)" V5 . Xt T4 fif vk
MRERT PN, EEARE . ISR
WAYUIE, ERRER AN TR AT 40 U HLER AN TCAL
iR AR A U BE pH, T8 3 R F X REFR SR 54

Hh BB T A SSE TRIA B y ahik L g T 2
SRR ER P AL AE VO R R 40 T
A AR BT 220 A AR ) % T Y
&, U BEYIRE, JE AL kA B P AR
BRIGZ A1, M AT 3 2k W B S10, K52
A FNAR -, TN Si0, Wi, $2 =i
WA ok A UYL 5 ANRERRER W I A7 R T
TR ER ANTE B 3 S Gk B, xS L]
T RE S RERER T WK A O ST
Tk R 6 20 TR e o A A T 2 A T B R s
R, FEMME R YR, Wil REY
TE ISR, RTINS v 0 AR SR
R, FERRER 0 AT 2P T L BT
FE TG ALVE R VRO B A v . LR RE R
2 e N 2 7 A ) e O B 2
1 b e X TR AE K B sE i e B 8D . e
IR R — 2 DL R ER 20T, HoA e ik
FPE R R, 2 Al A 700, Xt
BRTRBR Paenibacillus mucilaginosus 3016 1E Jy it
B2 AEAT R AR, e R e AR 12
R PE R B ARSI B A DR S A
JRFFIE 3016 S5k BEGE B , 108 o 0 4 35 1 Pk 1) i
e, 15 B RENE w AU R IR ER T W 0 T A W T
PR, FERTH AT B PR RO A AR BB ST
SRR 8 T 2 B A 3 R il R T R 5

WEERE

1.1 HIEHS
FE T 2020 45 5 HECH LR SEBETT AN
KEXATAH,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KB TR TR 17 B e A R AR RE )

i

4743

1.2 EXRMF

TSR R EBFE 958,
1.3 EFHFHE

LB 3R 5 T35 77, ik iR R 35 52 L ]
FrE A Y, A VLB LB SR T
VEWERE T E R, B LA RN SR T
R oT e ZRE 1B, Blosp b 57 I A T ik
Ry sty
14 SHEEEMNFKESLEE
141 E#MBIEEENTE

R T AN [R) b DX ) - AR e 1% (AR
BP0 TR REIREL G SR 5, T 30 °C.
180 r/min 251F F 153 3 d I fkeis A, e
107*, 107, 107 A 1077 W EERR T, Wil TRERR
ARG SR AL, 30 °CiELLIESE 3 d; PRERAT ™
AfREERE AR, B L Eaifth, 5EA
A ffRERE ) B RE
1.4.2 fREERENNE

IK A L o O 7 6 A5 8 19 TR Ak 2 D
R R WA R 3, BN 3016 Ry PHAEXT
M, 30 °CHEFE 3 d, vhykdamids, WE fif ke
B, B4 mm, FIHETERAERE T .

fif ik R 1= RE B H AR +X

X HIMACR L, AR TR R A A P 1) i R
BE, AN -2, —1. 0, 1. 2 KA R
B o 4> S BR B Bk 3016 FGH LTS 2 Mgk
RN 2R LB WA 5, T30 °C. 150 r/min
MRS 24 h, 1REFPFR. REL 100 pL
T 100 mL f#ERREFRELA, T 30 °C 150 t/min
M FIRGEEFE 5 dJ B FARRTFRI 4 °C 4 500 r/min
B0 S min, YA LR 38 REAH W H kDY
I 7 355 52 A RORE 5 i
143 BEHREESUE

W 0 8 BT A R R B P 8] LB RE R34 I
30 °CH5 SR 48 h, MELH K IR/ JBIR | B

R BERTRAR . B BRI GRS
1.44 BEMETE

FHANE L 4] DNA $R U &4t E ik
RS DNA, F H1d 519 27F #1 1492R 17
PCR ¥¥4, 5I¥FHIILE 1. PCR RNAR
(20 uL): DNA &4y 1 uL,2xTag PCR Master Mix
10 uL, E. FH#519(10 umol/L)4% 0.5 uL, %k
7t ddH,O & 20 puL.PCR JZ ¥ 4514 : 94 °C 3 min;
94°C30s, 58°C30s, 72°C 70 s, 3t 35 MF
o ¥ PCR Wik B WHBHEMHAR(E B)A
BN w10 . #F 16S rRNA & [H JF 1) 78
EzBioCloud JF47 IR VR VE LB 4, ALY
Fl, WL MEGA 11.0 34, ST RGERKEW
1.5 B ENE
1.5.1 KEEEIRE

BRI AR Tk B PR RE I A2 ¢ K MB22, MB35-5
X BB HR 3016 43 4 F#0 2 &4 pH 7.0,
pH 10.0. 5% NaCl, 10% NaCl, 5% KNOs. 10%
KNO; (¥ 57 5 AR 43 550 10 fif R 3 [ 4K 3% %
JE [ 30 °CHiFR 5 d, WM ERERK, FE
DU 78 TR FEA N S5 T I FRAERE T, $% 1.4.2 P
/N = N

PR TS 0 B PR 00 2 = R FH =28 B b2k
Aot A = 1) B AR 4 Anaeropack,
W S B I AE 20% . 15%A11 10%, K MB22 .
MB35-5 FIXF R EFR 3016 43 51142 b 2 ik R 55 %1
BRI b, TARREWE AT 30 °CRE S
5d, WE BEERTE SRS I AR A 0 M Sk ik

o
He o

#£1 PCRII¥FEF
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Primer Primer sequence (5'—3") Primer
size (bp)

27F AGAGTTTGATCCTGGCTCAG 20

1429R GGTTACCTTGTTACGACTT 19
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MB35-5

E 1 MB22 (A)F1 MB35-5 (B) Mk B M E S
Colony morphology of MB22 (A) and
MB35-5 strains (B).

Figure 1
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0.00 0.01
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BB bootstrap FX{E ; 155 ¥ 5 X /R Bk GenBank % 5% 5

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence. The value at the branch represents the
bootstrap value of the evolutionary tree constructed by the adjacency method after 1 000 calculations. The
serial number in parentheses indicates the GenBank accession No. of the strain.
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Figure 3  Desilication effect of various strains
under natural pH value of silicate medium. A: Effect
diagram of hydrolytic cycle of each strain; B:
Silicate degradation ability of each strain. Different
lowercase letters indicate significant differences.
The same below.
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Figure 4 The silicon dissociation ability of each

strain under different conditions. A: pH; B: Oxygen
concentrations; C: Salt concentrations.

A: pH
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Figure 5  Available silicon content in culture
medium under different stress. Uppercase letters
represent the difference significance of the same
strain treatment among different stress treatments
(P<0.05), lowercase letters represent the difference

significance of different strain treatment under the
same stress treatment (P<0.05).
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Figure 6 Determination of phosphorus, potassium and cellulose degradation capacity. A: Degradation of
potassium feldspar; B: Degradation of calcium phosphate; C: Degradation of lecithin; D: Degradation of

cellulose.
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Figure 7 Effects of each strain treatment on maize growth . A: Growth status of maize plants; B: Plant

height; C: Dry root weight.
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