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REEM ZF 4T E PHODB3S B3 R E X EmAvIEEI/ER
RIK, Mk, TR, TEE, FER, kEs, 55, TP, 24
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EBERE RGO, R R AL AELR o [ ik ] SR TCHLBE RS 3% A HTR0 BE A B A s A 3 v 4y
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WEEAEY A K AP A AT R LR Z —,
L DR 2 R i 2 B A T
R/ BT 23t BUHEIR 23 BERT IR | s/ Rk
BOH PR TSR R L RS
B, (HRENS B Y B WOSOR) B8 AT 2l &5
EANFEFRN 5%, FEENETHS S
Ca®" | A4 JEE TG BEAER R, H
WHEERREEEFRCRY., B, W2 EZE
R R BEIE 6 PRAE G 7=, )4 S 80T W
GEUR AT P B AR, RN T A A
1717 LT Rt B™ A S R [ U R gy
NG BB B A TR S, e A 5%
G AR BB e A 21 IR, T iy e
HR B S 9 ) R85 R PR MR AR M P R e e ) i
Jii, AT — AR B AT LR T
LABLD %ot PR35 ) 16 7 AR AR A A

A AEAR Y R KT R A A, A4
Xt s 0 3o 1 ) B A i A sIE S BE A9 A 2 Bk
Y, s DA RE R A PR T R, Bl
RIS AU R A A it B R
TR, R PR BETR S BRI AR A A I
HAHESIEN, FERIVReBI S LI
PEBE S AN e L HET, ENAMRE
BIF T TR 1 R B 30k 7 e o ok S A S 9 T
P8, BRFEHE Hh e T P el e AR AR O B2 2%
o] BEAY AL T2 20 A LR IR AR VR L il
AR AR H 45, ELASTR] Ak ) A7 72 X0
SR AR A A TR AL AT — E BN B e — PR R AR
SERE PR, EERS R AN R A L AR R O i
TR A AR, DAAR 7™ 3 A ] 3t DA 9 14 A
Py ia ) S A A LI AT 200, Rl AR R )
1B UL DB Zh 1 [ s 77 5 N, 8 A A R

Az b SR B A A AR X — AR

ABIESE T AL A PR E T 28 B A AR AR A AR
JE A 2 Tl RO o SR 4R 14 8 mb i U U 1S i i
I = AT F vk PHODB3S , il i JE & 2% Foy+
AP E AP R AT Y RE , FFRHA TR PRAEA ] 26
BT AE IR A TN BERE I GIRE . pH. 25
L ANFEBIR . R B UROZ R A A
PLERZEAT 0, SRR Witk PHODB35 X -3 i xfE
TR VERE RO R BERE ) S B e AR AR, &
SR AR Y R AR PRSI, O ik — 2T R
[ S0 FH B 5 i

1 HRA i

1.1 HEREA

2015 AL TroE T A B A IR AR 24 2R
JE F A5t A A P R R 5-10 em 1913,
BEFREHEAEPRS ., HHFRERER, &
BRARR . AREEY), 4 °C IR1FEH
1.2 fERKESRE . BIFRBAE A

R AL 3R JE(NBRIP, g/L): HiZikE 10,
WElR4S 5, MgCly-6H,0 5, MgSO,-7H,0 0.25, KCl
0.2, (NH,),S04 0.1, pH 7.0; Tt ¥y
PRI B M e, LB ¥53isk(g/L): &AM 10,
fEEE 5, NaCl5, 5797 pH (EAE 7.0-7.2; JTHitk
AL IR IS IR . R IREE RIS 1.5% A 35
i B A 20 AR L Y [ A R SR L 7E R PO TR R
121 °C 5 MK 30 min %5

S8 TR v o 4% 5 478 IR R o
FFRR . WA, AR E A, #&
ARl s 8 5, AL E M BRI SE T
WEER:, R FEIS B4 T AR .

St
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1.3 B B S

1.3.1 B RGP PRI 1.0 g TR
ai A BT K R BERE R = A, A 99 mL
(ITCHE K, 1E 30 °C. 180 r/min 7543¥%1% 45 min
&, RABERBREI TR, 20 10°-107
PIFRBEI 100 pL, IRATHERN T NBRIP K5 3P4k
b, EE TR 30 °C HigF T d. KT
PRI BE DS 7 A i B R ) B %, I A B B AR
(D) AR HRW), HITE R GENEE
RREE LK ERMLIE, B D/d).

1.3.2  BE5f . SR LS R SRR R O — 2D i

R (%)=

FAN ARG B AT PR B (mg/L)—728 [0 BR B ATV PERE IR BE (mg/L)

He % LB Br5 5Pt BIG ARG 5% o 5 0E A 3R 10
M T WA LB K, 30 °C,
180 r/min #5595 48 h, H4 KWW AE 12000 r/min £
0 10 min, FIAFICHE KRR 2 K, FFHICHEK
il 45 R B, TR ODeoo=1.00 B 5 mL
B R BEFP T4 100 mL NBRIP KRS 37 3L 1Y
250 mL —ffiffirh, 555 10d )5, SRAABEPLLL
R b=y a 3 R R o2 737 9 A L U/
L(DIFE FE PHODB3S (s, &
HER] 1 AR HA B AL RE ) B bR, IR 4
51 PHODB35,

~(1)

1.4 Btk PHODB35 (K% E

141 WHEHEES: BoBsmuLsEmiT LB Fik
., 30°C iR, MERMKELSRE MOBE:
i BB AL H bk PHODB35 FKRITEAR .
142 SFHEYZEE  HIRAFNTEE PHODB3S
Bepe®| LB 8538, 30 °C. 180 r/min FH IR R
Vit 3. R CTAB B4R IE Bk PHODB35
i) DNA fE} 16S rRNA LR34 kit . LA 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") fil 1492R
(5'-GGTTACCTTGTTACGACTT-3") 3} 5| 4"V ik
T PCRY M4, PCR I ARRUNITF (25 ul): 2xTagq
Master Mix (7 Mg®") 12.5 pL, 5[#J(10 pmol/L)
% 1puL, it DNA 1 puL, dd H,O #ME % 25 pl.
PCR JZ W FEF: 95 °C 5 min; 94 °C 1 min, 54 °C
1 min, 72 °C 1 min, 35 PME¥#*; 72 °C 5 min, ¥
PCR 7 Wy k47 B e vl vk Ar D TR ERE, AT B
PHODB35 kKL 41 DNA N, LIZE AT
gyrB FER I 51 B2 (gyrB-F: 5-GAAGCAC
GGACAATCACC-3'; gyrB-R: 5'-TCCAAAGCAC
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WIS A (/L)

TCTTACGG-3")i£47 PCR §"14, PCR JZ WA &N
F(25 pL): 2xTag Master Mix (7 Mg*") 12.5 uL,
519)(10 umol/L)4% 1 uL, #itlxk DNA 1 uL, ddH,O
#MEZE 25 uL, PCR MW AEFF : 95 °C 5 min, 94 °C
455, 55°C45s, 72°C 1 min, 35 MEH; 72°C
10 min, K PCR WA T HERE L UKA I o K 3175
f) 16S tRNA Fl gyrB FEH P =) FF3% _LiEA )
TARATIRA I, 23 5K AN [F] 3 R P45 2R
GenBank H(4 g H A AR N BRI P 90 A 7 LA, A
Fi MEGA 5.1 #FEF T Clustal W Z 5 551 LU XT,
F >R F Kimura 2-parameter %2 fll Neighbor-joining
BEMERGERER .
1.5 REFEEEF X HE R PHODB3S WABERE )1 #Y
AL

PRI Ak PHODB3S ¥ B IR V& B2 Pl T {A LB
ReFeRdr, 30°C. 180 r/min K537 48 h, Kt KB
7E 12000 r/min .0 10 min, AR ICHE KRS
2%, FFMIFE/KER, W R ODs=1.0, 1E
NG R . R IE A S e X A
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= (1% 5%7F1 10%) ., #EE (25 °C. 30 °C F1 35 °C),
pH (6.0, 7.0 #1 8.0)if1iifk, 5k 10d )5, %M
1.3 5 900 5 2 TR o ) P VS PR B
1.6 AREFREFXE PHODB3S B BERE S HY
A0

fE bR 1.5 Wi AR Rl . RN pH 5%
PRyl b, A A R BT E NBRIP K
I W TP K R O R R AR R R L LR RN
BRI TR e, BESR 10 d J5, FRIR 1.3 7k
E R W P AR . REHITAN T A
)R I (RO 2 W . REME . 2 ZRBE RN R . AU
(PifR e . FALEL . WEER S . WHER AN . AR B
FIWEIR (BERRES . BEMR R )X I bk PHODB3S i %
AE 152
1.7 PHODB35 RIS B R P WA LR
ik

1.7.1 BB AER VLRI E DT : ¥ 6 mg AR
F 22 A Z] 100 mL K 4 A9 JCHIL I 15 35 At
(NBRIP)H, 1R, il A KR %
PRHCFE LB ~F-H 1%k PHODB35 Bk, #5713
ot b, 30 °C ¥53% 7 do MBS PHREI RS kA
A, YA LR, P AR B 5 R B
P, WL B T RS 5 AR A A PR
1.7.2 WRTEFIRKER ST KA lRd%
HE 5% 4R RD T NBRIP B354, 30 °C.
180 r/min #R¥HHEFR, LARIER R 23y 2=
FIXTRE, ZER AR FERE O, 2. 4. 6. 8 Al
10 d)HX 2 mL A5 T, 7E 12000 1/min 2
> 5 min, 3 0.22 pm JEEFIEEE/NEF, 20 °C
TRAFRFIN

AR T s R R B0V A 03 - Jo 1 B A
(HPLC-MS)ill " PHODB35 bk Fe i

PLER o B30 53: EST &5 F U8, IR 350 °C,
B IRIREE 150 °C, HJE: 3.0kV, 1E. TAET
B, FIETERE . 50-600 m/z, FBHAILLLHN -
Wl R A A - R 5% W% (0.01 mol/L, pH=2.7), I
K 210 nm, ¥ii#E 0.2 mL/min, #FFEE . 1L,
1.8 ZRELE

T L I ARG AR A T S I R A O
RIS, TEUTEE PHODB35 X -3 vhwfk s M iz
HIEBERE ) (R 21 em, FE T H AR 22 em
IRHER: 15 em)BE AREFRILT (4 kg/4%), TR
B FEMG BT, BE 3 e =
R AR IR RIS, IR 4 b3,
CK1: 7ESFR L h BB R B AL ; CK2: 76
B SR L R I ABE R A5 TR AT IS (B AR AL S
iz #1000 @ DS EILE, IFUEE
300 mL BTSSRI ; CK3: ERTFRILF P %
MAET, JFDEN 300 mL SE & EFRW; T: HERFE
FETT O MABERR =85 IR A G AR AL, e
Jifi 7’ #% PHODB35 & [ 300 mL (VWA
10° CFU/mL). 40P 3 YREA, AFKEZAEHE
1 %5, BASA 3 MEMY . BETREDIER, ¥
[EISRAVE Y I FE R, S TORIEK S, BEEIbE
5 d et 17k, BRALER CK1 FI CK2 Befiti LB 1533
AN, AEIR CK3 AT 43 508 it 56 4278 % BOFN G
EFRW, 40 d JEE R AR . H b e A
TH . M NEREEE AT E, SR RIR S A E-4H
BT ORI B R R A s A e, O
2 BRI S5 P2V O 0 e 38 0 R v PO AT S8l %
HAT 53T
1.9 HdEabH

KM SPSS 17.0 A% AN [ b 20 2 1] ] £
R 20 XS 15 8 & W 22 (Duncan’s) K 56
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M REA T K3 A T ge it ot
H SigmaPlot 12.0 #4217 1ER .

2 RPN

itk PHODB35 Bt 5% &

SR FER B A R U A 1 I 285 B VA Wl P Ak DA
T R O E B0 2 ik ELAT B 3 P ) R
HROE 1-A), HEREE BB R TR 74 B alifh,
fir44 - PHODB3S, HAfgwi bk 1.5 (Kl 1-B). JE&
FRAE WM, TEkk PHODB3S 76 LB 15553 11
I, WACNITIR, 3% 10 h e 228, 2R
A, WIRDE, AR, B v g IR FL
o, Mok, W, LGS, WG, R
s R EIREEIRE G, NGAEST, RET

2.1

BEARESE, WA HIWTE R PHODB3S A2 i FF i
J& (Bacillus sp.).

H#i#k PHODB35 [ 16S rRNA JE[H F 41 K iy
1458 bp (GenBank /74115 )y KY785375.1), #i%#
PRI 16S rRNA FEH 741 5 Al B bk 16S rRNA J
R R P LT, R G R B (8] 2-A), 4528

1. FREAERTRIE
Figure 1. Screening of phosphorus-dissolving bacteria.

Bacillus sp. strain 2L-24 (KX214611.1)
Bacillus cereus strain Suaeda B-001 (KT981877.1)

(A)
67
Bacillus sp. 3403 (KJ906613.1)
B)
44
86
74
2.
Figure 2.

Bacillus sp. strain 2N-10 (KX214610.1)
Bacillus sp. strain DYJL28 (HQ317167.1)

92 | Bacillus amyloliquefaciens strain Je-07 (JQ345706.1)
! PHODB35 (KY785375.1)

00| Bacillus methylotrophicus (JN896940.1)

1
56 Bacillus amyloliquefaciens strain Lx-11 (JN086140.1)

Bacillus amyloliquefaciens subsp. plantarum UCMB5033 (HG328253.1)
Bacillus amyloliquefaciens subsp. plantarum UCMB5113 (HG328254.1)

Bacillus amyloliquefaciens strain G341 (CP011686.1)
100|Bacillus velezensis strain SYBC H47 (CP017747.1)

IBarcillus amyloliquefaciens strain h47 (KP271520.1)

99 Bacillus amyloliquefaciens CC178 (CP006845.1)
Bacillus amyloliquefaciens subsp. plantarum str. FZB42 (CP000560.1)

PHODB35 (KY785375.1)

E#k PHODB35 R [EEE F5| 5t EKMRE R ERRIEL
Establishment of phylogenetic tree of different gene sequences of strain PHODB35 and other strains. A:

The 16S rRNA gene phylogenetic tree of strain PHODB35. Numbers in parentheses represent accession number of

the sequences in GenBank; Bootstrap values are shown at branching points (expressed as percentages of 1000

replications).

actamicro@im.ac.cn
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W], Wk PHODB35 [ 16S rRNA ¥ 415 Zf fifd
FF R J8 B R 09 IR PE de ey, 0F — A B TR R 1Y
gvrB FER P A 5 HAB R R gyrB FE R 4 [A] JEPE b
WIS RELBWE 2-B), T RABLR,
1 72 1 & PHODB3S 5 it U& #} 28 M FF B W] 5 e
L ARG R R IOE LR UL TR A RHIE L 16S rRNA
Il gyrB LR F A [R1J5A X A3 B A 45 5%, BRI Ak
PHODB35 % & 0 ff V€ ¥ 2F ML #F T4 (Bacillus
amyloliquefaciens).
2.2 REIEFXF PHODB35 Htk AR R R
221 WEHRTFHEWE: @il f N RiAR, 2
1 pH . 42k BE FELRE S Wi R vk PHODB3S ¥
R B0 L AT — 2B T TE A BT X i oA
B FAT Tk WRFRas IR, IRAF MBS
4 pH 7.0, RN 30 °C, HMEN 5%, $15T
IR = RS BERCR S I R 0 3K (2)
Y=180.32-8.32X,-9.98X,—17.76 X5+11.65.X, X,—

5.58 X, X5+44.56 X,X5—79.53X,%-62.57X,>—45.06 X5
R*=0.9554 N (2)

Hrr, IE R=0.8980.

HE—2 5 22 BT R B, BT ARA A A A

P<0.0001, FATEAR B EIK, 77 A 0y nl ge
A 0.06%, BLHZERIATH ., % R &R
B R’=0.9554, FWIHLSH 5 SL PR = fa] B AH S
R, AIERGE R Adj R°=0.8990, FHHZMIR
RESRE 90%0Mi W AE HY 25 Ak (& 3)
222 AEBEFYFEXEHR PHODB3S BHiE
SIeggm . o 1 i — 2L E R PHODB3S fYi%
WERE ST, TEASR IR (4 . HERE . 22 2B
HEE . ZIRGRmRe . S Ibs . MR . iR
i IV R ) L 0 IR (Tl T 5 Dl PR P ) 25 1 T B A 7
TSR

S 2
L S

ation/(mg/L)

._.
wn 2
oS O

Soluble P concentr

1°C

_1.0()—1.00_0'5

3. E# PHODB35 AR KR IL
Figure 3.  Optimization of phosphorus solution

conditions of strain PHODB35 by orthogonal test.
Green to red represents the concentration of soluble
phosphorus from low to high.

AEIEIEXTF R PHODB35 ¥EHEAE 15200
(¥l 4-A): >4 NBRIP }5 520 o AR5 B B2 £ i
PR RIME PHODB3S J&, KR I T v Em vk
J¥ 0 88.77 mg/L, fEWER N 3.86%; SRTK IR EL
Sy I FAARIE G R S Ak E . AEIRER . AR AN AR
PR PR 4 J L R TR P ) R R R 43 0 A
3.61,2.32.6.29,7.00 mg/L, f##ER43 50 0.14% .
0.08%. 0.25%F1 0.28%. & PEEFMras Rk
WY, YR IRER R, 5 HAD R IR Y F7E Rk
e ) Z A o 2 5

AN AR IR A Mk PHODB3S i fiE 77 4 52 i
(&1 4-B): >4 NBRIP 3557 I H 0k 5k o6 25 i B
BRItk PHODB3S J&, AT H A s vk i
h 88.77 mg/L, fRBER A 3.86%; SR TIKE ) 45 b
G390 FE AR [) J02 ok %) R | 22 2 W R T R B R 4
JG ., KRR A SR EE 430 2,65, 1.60,
4.99 mg/L, f# R4 50 0.09% .0.05%F1 0.20%.
B EVEZE R A RN, BRI A A
5 HARRIE A AR SRR ) Z IRIAAAE B A R
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@A) 120
H CK
% 1001 j 3 PHODB35
£
5 s0f
Ei
S
8 60
=
3
(=9}
© 40
O
=
g
< 20F
a a a a a a a a
0 - 1 i P - 1 I___l__l [ W = i 1 Iil
Ammonium Ammonium Sodium nitrate ~ Ammonium nitrate Potassium nitrate
sulfate chloride
B) 120 © 120
2
£ 100 T S 100F j
)
g £
£ 801 £ s0f
= B=1
5] <
: £
S 60 g 60
5 g
) o
—g 40 o 40r
o g b
o s
=S 20+ = 20r
g a 3 <
< a a a a
0 .| inE %n% ilﬁ 0 - 1 é 1

Glucose Sucrose Maltose Mannose

Calcium phosphate ~ Aluminum phosphate

B 4. TEEFRYRTE# PHODB3S HIAE

Figure 4.

Phosphorus solubilizing capability of strain PHODB35 under different nutrients. A: nitrogen source; B:

carbon source; C: phosphorus source. Different lowercase letters represent significant difference according to

Duncan’s multiple range test at 0.05 level.

IR, P T ol A A0l T 8 V9 U ) I
XF itk PHODB3S ¥k 1 2 (B 4-C), BiF5E
ZEOLRWT, UBRECNBERRERET, K EER A
PEWEUR FE N 25.06 mg/L, fR#BERIUH 1.07%, P&
P22 AT R W, RN B 2 ) X TR R 1 v o e
T2 R
2.3 Etk PHODB3S =4 A HLER 7 A

ARG R KW, Wbk PHODB3S #:fim
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Vb 5 R B (B, W)L U RE R 7 AR A L
2. #E—2FH HPLC 454G M A HLER (AR ifEY)
Fi, WFREEREN, & AR PHODB3S AbFHAY
R TR P AR A LR T2 BN A R (B 5), 2R
T FE 45 AN BE A Ab B Pt BB 65 7 AR A HLER , 40T
H TR NBRIP 555000 (0 A4 5
ik AT i A N 3 5 A S N AT R AR T R A b
2. £ Bk PHODB3S J& =4 A HLER & & i
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2.5¢+7 " CK .
= PHODB35 i
2.0e+7}
b b b
< 2 b
= 1.5et7 a
o a
<
S1.0e+7F ad af|l a|| a
(=W
5.0et6
0.0

0 2 4 6 8 10
t/d

Es5 ARLENEERBRRIETHE

Figure 5. Changes of gluconic acid content in

different treatments. Different letters

showed significant difference according to independent
sample test at 0.05 level.

lower-case

Fm TR, R E R PHODB35 Kigf 2-10 d
Jo A BE R B e BE g3 o0 84.08% .
74.23%. 69.46% . 77.35%F1 117.70%, 1= (4%}
HE4h 3B A BE R O R W IR T 4 R T Rk
PHODB35 4bH .

%= 1.

2.4 FEREH

2.4.1 Btk PHODB35 X &tk . ##E. TE
HIRZIR - I 45 R (1), Ik PHODB3S
BRI R 2 RO BR AR G B 5 CK3 Ab 325 55l
EHb, HAMFEFRAAEZE S 5 CK2 A3,
ISP PHODB35 R IRk i Ba 2l bk .
SR s A O 5 N ol R 2 3 2
&334 28.5% . 22.6% . 113.1%., 36.8%F1 28.2%.
Lihtkem . B THEEAIEIR, Wk PHODB3S
Xf T AR A —E 2 AERCR

2.4.2 Btk PHODB35 X} &3 H AP H L
BEEMEm: B REW(E 2, Wk
PHODB35 S5%f & CK2 ML, 537350 A 2k
Ry 82.1%, Uk BH bR ELAT B B 00 A S
M, X IR R RS HA —E T BRI
REWSHE o - AU & it . A6 TR A R T
1M PHODB35 AbFL 5 CK2 AL, K ZHH 16.2%.

B4k PHODB3S X # Btk #E. TENEW

Table 1. Effect on height, fresh weight and dry weight of tomato plant by strain PHODB35
Treatment Plant height/cm Fresh weight'g Dry weight/g
Top plant Root Top plant Root
CK1 26.56+2.22a 14.06+4.55 a 3.00+0.87 a 1.46+0.50 a 0.29+0.09 a
CK2 32.334+4.93ab 21.16+£7.08 ab 3.14+1.17 a 1.63+0.28 ab 0.39+0.14 a
CK3 40.86+4.90 b 25.09+4.61 b 3.33+£1.27 a 1.70+£0.56 ab 0.42+0.19 a
PHODB35 (T) 41.45£3.85b 25.94+6.50 b 6.69+1.37 b 2.23+0.66 ab 0.50+0.12 a

CK1: LB; CK2: Ca3(POy),+phosphorus-deficient nutrient solution+LB; CK3: complete nutrient solution. Data followed by the same
letters in the same column are not significantly difference according to Duncan’s multiple range test at 0.05 level. The same as below.

% 2.

B4 PHODB35 &R, FAEMKA S0

Table 2. Effects on available P in the substrate and tomato plants by strain PHODB35
Treatment Phosphate content in the Compared with ~ Phosphate content in tomato Compared with
substrate/(mg/kg) CK2 plant/(mg/L) CK2
CK1 0.84+0.12 a - 0.62+0.08 a -
CK2 1.06+0.06 a - 1.9740.11 b -
CK3 2.28+0.21b - 2.99+0.16 ¢ -
PHODB35 1.934£0.25 b 82.1% 2.2940.05 b 16.2%
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3 b

AR AR 2 A R i Rl ™ R R ] e
MEFRILR. CAMREY], BEHAEYRESiR
o A A S Y N FE X B R s R
W/ W IR T ) (R T R A 2R A A
PR R 2SR HEVE P AE A RIAR R VR P Y
H 28,

fiff VE A3 28 MLAT TR — R E A A W 0 AR A
B, AR AR R AR B R, T EXHEY R
KA AN, P A R A 8 Bl 2 A 3o
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Phosphate-solubilizing characteristics of Bacillus
ampyloliquefaciens PHODB3S5 and its growth-promoting effect
on tomato

Weisong Zhao, Qinggang Guo, Wenqian Yu, Peipei Wang, Zhenhe Su, Xiaoyun Zhang,
Xiuyun Lu, Ping Ma, Shezeng Li’

Key Laboratory of Integrated Pest Management on Crops in Northern Region of North China, Ministry of Agriculture and
Rural Affairs, Institute of Plant Protection, Hebei Academy of Agricultural and Forestry Sciences, Integrated Pest Management
Center of Hebei Province, Baoding 071000, Hebei Province, China

Abstract: [Objective] Phosphorus-soluble bacteria were screened from the soil around the roots of tomato plants to
provide phosphorus-soluble bacteria resources for the development of biofertilizers for increasing production and
saving fertilizer, and their growth-promoting mechanism was preliminarily explored. [Methods] Inorganic phosphorus
medium was used to isolate and screen the growth-promoting strains from soil by serial dilution plating method. The
excellent growth-promoting strains were identified by morphological characteristics, 16S rRNA gene sequence and
gyrB gene sequence analysis, and the effects of environmental factors and nutrient factors on phosphorus solubility
were studied by orthogonal and single factor test. Organic acids produced by excellent growth-promoting strains were
identified by HPLC-MS, according to the standard substances of corresponding organic acids, and the
growth-promoting effect of strains on tomato was determined by pot experiment. [Results] A good growth-promoting
strain named PHODB35 was isolated. It was identified as Bacillus amyloliquefaciens. The orthogonal test of
environmental factors shows that the optimum conditions for dissolving phosphorus of strain PHODB35 were pH 7.0,
temperature at 30 °C and 5% inoculation. The results of single-factor experiments on nutrient factors show that strain
PHODB35 had the best phosphorus dissolution effect with glucose as carbon source, ammonium sulfate as nitrogen
source, calcium phosphate as phosphorous source, initial pH 7.0 and temperature at 30 °C. The effective phosphorus
concentration was 88.77 mg/L. Gluconic acid was produced by strain PHODB35. Pot experiment showed that the
application of strain PHODB35 had obvious growth-promoting effect on tomato seedlings. Compared with the
control, the plant height, above-ground fresh weight, under-ground fresh weight, substrate and plant available
phosphorus content were increased by 28.21%, 22.59%, 113.06%, 45.08% and 16.24%, respectively, after inoculating
strain PHODB335, indicating that strain PHODB35 had certain fertilizer effect and could be used for the development
of growth-promoting agents. [Conclusion] Phosphorus solubilizing bacteria were screened to provide resources for
further development of tomato specific growth-promoting agent or special microbial organic fertilizer, and to provide
theoretical and experimental basis for the application of strain PHODB35 in agricultural production.

Keywords: Bacillus amyloliquefaciens, phosphate-solubilizing characteristics, organic acid, growth-promoting

effects, tomato
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