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Screen, Identification and Analysis on the Growth —Promoting Ability for the Rice Growth —Promoting
Rhizobacteria
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Southern China, Ministry of Agriculture, Guangzhou 510640, China )

Abstract ; Plant growth—promoting rhizobacteria( PGPR ) can secrete the growth hormone and promote soil nutrient cycling, thus, is an
important germplasm resource of bio—fertilizer. In this study, the PGPR was isolated from the rice rhizosphere. According to 16S rDNA
sequences, 10 strains were identifed, including 4 organic phosphorus bacteria ( Bacillus pumilus 1ZP02, Bacillus aryabhattai 1.ZP03,
Staphylococcus epidermidis 1ZP10, Bacillus ginsengisoli 1ZP05 ), 3 inorganic phosphorus bacteria ( Bacillus megaterium 1ZP03, Bacillus
oryzaecorticis 1LZP04, Bacillus ginsengisoli LZPO7) and 3 potassium bacteria( Bacillus aryabhattai LZPO1, Bacillus subtilis 1.ZP06, Bacillus
licheniformis 1ZP09). The results from nutrient conversion analysis showed that Bacillus aryabhattai 1LZPO1 and Bacillus subtilis 1.ZP06
performed better on the potassium releasing ability. Bacillus pumilus 1.ZP02 and Bacillus huizhouensis 1.ZPOS performed better on the
function of organic phosphorus. Bacillus megaterium 1L.ZP03 and Bacillus ginsengisoli 1.ZPO7 performed better on the function of inorganic
phosphorus. Further, the hormone secretion capacity was measured for these 6 strains. The results showed that all 6 strains could produce
auxin and gibberellin, and had the ability to synthesize iron carrier. Moreover, the results showed that Bacillus megaterium 1ZP03, Bacillus
huizhouensis LZPO5 and Bacillus subtilis 1ZP06 had stronger ability to promote the nutrient conversion and hormone secretion.
Systematically, we believe that these three strains have great potential application on microbial fertilizer.
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FE MR PR AR £ B (PGPR) 2 4k 16 75 4 338 nl ff A=
THEYIAR 2 A FEA 8 IR W S AR K IR RE RS
A ELEWA A7, PGPR AW LR 8 4
AR GE IR, ZEA SR R S A HLE S A A
RN w52k S v R B AP, AR PR A iR
PRI S H I RER 2 , Horh TSR A0 45 2R AT T
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1.1 KIERPRT1ERE

TFHIPITA —IUEAI7(47°35'23.85" N, 131°56’
24.01" E) /KAEFPAE X, Sl — 43 2 1K A H
WK I RRRE A KRS S Al JERE 46, 78 1 hm® 38 [
N, BEALIEER 10 S5, B s B I 10 BRAKAS , SR FH £}
T EAR R ET 1~2 mm AbfY 13524 10 g, 3312
100 g -4, T 4 CRBIRAEF
1.2 EHFRERA

LB 375 5:(1 L) : 35008 20 o, %8} 5 g,NaCl 8 g, 7

—120—

FIFR 10 g, pH 7.0; AR SR EA NS .

PKO TCHLIE 53 (1 L) A4 10.0 g, MgSO, -
7H,0 0.3 g, (NH,),S0, 0.5 g,NaCl 0.3 g, Ca;(PO,), 2.0
g,KC1 0.3 g,MnS0,-H,0 0.03 g, FeSO,-7H,0 0.036 g,
BRRE 20 g5 ARG SR A NNBUE .

%é‘:ﬁ%ﬁ*ﬂl‘%ﬁg( 1 L) éﬁl%ﬁ 10.0 2, (NH4)ZSO4
0.5 g,MgS0,+7H,0 0.3 g,NaCl 0.3 g, KC1 0.3 g, FeSO, -
7TH,0 0.03 g,MnS0,-H,0 0.03 g, BR@ENE 0.2 g,CaCO,
1.0 g, LK) 0.5 g, Bl 20.0 g; MRAKKE F7 B A fin 3
Jg o

W RE REFFEH(L L) bk 5.0 g, Na,HPO,
2.0 g,MgS0O, -7H,0 0.5 g,CaCO; 0.1 g,FeCl; -6H0
0.005 g, HiH A ¥y 1.0 g, Bl 20.0 g, WIS SR EA N
St

MKB #5534 (1L): BN 5.0g, T
15.0 mL, K,HPO, 2.5 g,MgS0,-7H,0 0.2 g, Hifig 20.0
g, pH 7.0 MRS SR B NS -

13 REFARESEE
1.3.1 BRIk

FRBUR R T8 1 g, TSR T T =AM mc il
A R L 7E 25 CHLEETT 140 remin™ #3555 5% 30
min 15 3| TR AR BB IR RS, 1551 107,107,
1070 ¥ FE R R, A0SR 0.1 mL B3 AR A 78
PKO JCHLEE 57 5 (S Wl 1A 0 22 ) 58 G WA AL 3% o 2k
(FR B TR 0T 18 ) D7 1L R B 9 B 7 JE (A B TR T 28 )
A 3 RER, AT 28 CHHIRAAN R 5 d.
R F15 7 B i L R ol P R/ N A O 1B B R e vh
A3 BB S R AR , P17 4l Ak A 2 AL AR, A TR Bk
WE 3T WPk R BRPR 73 4R T LB A SE
FRHEH 78 30 CHREET 140 remin™ 4R35 155201,
Bl mL FH®T 2 mL B0 9,4 000 remin™ 2.0 10
min {2 FIEOREATONE , T-80 C¥HA
1.32 WHREE

BTk RS AR 2ET T 16S rDNA )T, J7
F e A R AT E . BERRINY 25 F NCBI
H Blast HXF, S8 Wbk 1] MEGA 5.0 3Ry 7
GEHEALRY X Has AR e BTk A T4 #r
1.4 B¥RFESELEIENE
LA fifr s oA RN Wl AT D e 1 I 2

¥ 2 wg-mL™ AUBEAR METRPE EEAR B 2 T i R
0.00.,0.04.0.08 .0.24,0.40.0.80 . 1.20 wg-mL™" I fEFR
HERNZR o 7E 200 T I ASH B 650, A4 20 min, I
E HWOGEIFRIEbR e £ . M E PR fERT 2 =
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0.173 3x—0.116 6, 3¢ % R*=0.990 7.,

PR ARAT B 75 0 R RR PR B VE U TE B RD T LB I
PRKEFRIE, 76 30 CIRE T 140 r-min™ $R35 555754
B, B EIE ODgo=1, MWHL 1 mL RH T4
PKO 55535 ; i i ol AR PR U DD UIE 32 T LB AR SRS
FREE L 7E 30 CIHRE T 140 remin™ JRZHE SRR, 1
PR EAE ODggo=1, WHX 1 mL BV TR SE 4 iR ks
3 30 CHE T 120 remin™ P35 54 5. &
24 h B 5 mL RO BIEESZE 25 mL 5 IMA B

F, AR 3 ANFAT, 3 A BB T HE £ B E T RR AT
5 S5 f i ae .
1.4.2 fBR B RetEI

O 10 B0 B AR PRIV DO E 3 R0 T LB Wi
REEFRIEF, 7E 30 CIRET 140 r-min™ PR35 155700
R, TR G ODao=1, I 1 mL BT 751l
KE FWARKEFR I ,30 CHRJE T 120 r-min™ JR35
Big%, 9 24 h BURE B0 5 R KO DR IRBOG TS
M F3EW A R B4 3 AT, IRl
HIESTE
L5 BREEYRERENE
1.5.1 TAA 43I 2

P R 2R % T A0 A 4 TAA 4748, 8F 200 g
mL™" (%) TAA 1 W 6 B2 # B 4 0.25.50.,75.100,
125,150,175 pg-mL™" ¥ & , R A Salkowski I 4,75
FEWIEAE(ODsy ). F3EIFRERZE A y=0.013 2x+0.011 1,
AHE R EL R*=0.999,

P ORAE B TR RO VF DT E B2 1 T LB AR R
FeIEH, 78 30 CHYTRE T 120 remin™ 875157 24 h
TVER T, 4% 1% 0B i A TR S & A
200 mg- L™ 2R K PKO TEHLER SR 5L . S 40
AMUIEFREE W IL RSP R, T 30 CHRUE T
120 remin PR HESE, 24 h % Salkowski i {63
M TAA 43 i, BE2H 3 S F4 11,

1.5.2 BRERARRE 1

X BRI TR AT PN S | 4 PRAE 1 B R P L
DVFITTE AT LB KRG IR rh, 78 30 CIRE T~
140 r-min™ YRFHHE IR0, (PRI EE ODgo=1, W
B 1 mL BT MKB &5 358 0, 76 30 CRYTLE
T 120 remin™ JE7%355% 48 h, B0 3 mL FIHH
W LS CAS Rl 45 3 mL ¥5TIR A, B4l 3 4
AT, RO 1 h, T 630 nm AN EMOGIE (As) o X BRZH
AN MKB WA 75358 e ik R) b (Ar) o428
A B 0 AR A X R AR P BT (% ) =(Ar-—
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As)/Arx100 AT HRBR AR = =,
1.5.3 IR TN E

W BT sl G RIS TR BN 0% L,
BC il A% 100 wg-mL™ W 7REE R AR, B EER BN 0,
10.20,30.,40 .50 pg-mL™" 32, AT R L 1A N 3R
0.5 mL 5 4.5 mL 98% iR &) )5 /€ 25 2 20 mL i
FEWIEAE (412 nm ), il VEAR I 2R, 2800 15 2 AR 8
FARAERTZE )RR y=0.021 9+0.000 2, R*=0.999

W ORAE B B RR PR B VF T VE B2 A0 T LB K5 95 3
11,30 CHLE T 120 remin™ 4R % 5557 24 h HiEFR -+
W A% 1o R R I 50 ) 5% 45 PKO ToHLIE %
B FEMANIEIRIE . W RS R 7R, 30
CHE F IR HFR, 824 h B.0H0.5 mL FiENE
MR RUREE, DA &5 R MR B KR8 R 4TI i
B 3 A4,
1.6 EiEAbIE

IS SPSS 20.0 FR vt Bdia it A7y 25504, IFH
Duncan 7 &A% 257 LA [R) Ak BR8] 45 Fhdg b 2 8] 59
2E5t s MREIRGE o3 B il SR SigmaPlot 12.5
AT

2 HERESH

2.1 REBEWHIESLEE

SR A B E BRI DNA, #£47 16S rDNA EE[H
WP, BRI 51 B 10 5 5 A R HEA TN E L SR
45 SLAE NCBI B35 5 617 Blast HUXT, 25 51 , f
WA Bacillus pumilus (1ZP02)  Bacillus aryabhattai
(LZPOS8) Staphylococcus epidermidis LZP10) Bacillus
ginsengisoli (LZP05); V&BEH A Bacillus megaterium
(LZPO3) Bacillus oryzaecorticis ( 1.ZP04) Bacillus gin—
sengisoli (LZP07); f# ¥ B A Bacillus aryabhattai
(LZPO1) .Bacillus subtilis (LZP06) .Bacillus licheni—
Sormis(LZP09 ), W&l 1 Al UL, A HHK AT 16S rDNA £
FEH A R GEHEAL R, 25 AR 1 20 T4 2R
22 PR O AT SE MR LR 0 TR R ISR 46 2
FAEGR™. BT, R LZP10 J& T Staphy-
lococcus sp., Hofth 9 PR JE T Bacillus sp..
2.2 EMRFSELBENNE

TR #k Staphylococcus epidermidis 1ZP10 X} A
WEEORE, T NS 9T, D Zh BB 1) e i v
A Bacillus pumilus 1ZP02 Bacillus aryabhattai 1.ZPOS
Bacillus huizhouensis LZPO5 , %W A Bacillus oryza—
ecorticts 1.ZP04 Bacillus ginsengisoli 1.ZP0O7 Bacillus
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B 1

LZP03

LZP0O8

Bacillus huizhouensis strain WJB78 (KU877647.1)
Bacillus huizhouensis strain WJB78 (KU877647.1)
Bacillus megaterium strain HB22 (KM659224.1)
Bacillus megaterium strain NY-3 (EU918562.1)
Bacillus ginsengisoli strain WJB122 (KU877663.1)
Bacillus aryabhattai strain WZ027 (MF957305.1)
Bacillus aryabhattai strain ARD17 (KX023233.1)
LZPO1

LZP04

LZP05

Bacillus aryabhattai strain BPR0O82 (KU161293.1)
LZP0O7

Staphylococcus warneri strain MFPC41D15-04 (JF756324.1)
LZP10

Staphylococcus epidermidis strain F71028 (HQ908659.1)
Bacillus pumilus strain GC51 (KF158229.1)
LZP02

Bacillus dtitudinis strain WJB15 (KU877629.1)
LZP09

Bacillus licheniformis strain L5 (KU179324.1)
Bacillus subtilis strain NJ1 (KT588643.1)

Bacillus subtilis strain H-9 (KX702961.1)

LZP06

BRI L

Figure 1 Phylogenetic tree of strains

megaterium LZP03, f#HEA Bacillus subtilis LZPO6
Bacillus aryabhattai LZPO1 Bacillus licheniformis LZP0O9,,
i & 2A AT, Bacillus afyabhajtai LZPO8 = 5 #k 1% 75
24 h IR IR SL W S IR fR R L, LI B i 31.48
mg- L7, Bacillus pumilus 1LZP02 5 Bacillus huizhouen—
sis LZPOS 5P MRTE 72 h B KSR 5005 & ik i mifi,
BS540 32.68 mg- L™ A1 35.57 mg- L7, H
& 2B WAL, 3 R YIFE 168 h Bk B d KV i
Bacillus megaterium 1LZP03 5 & ¥k fx K& W = N
311.1 mg L™, Bacillus ginsengisoli 1LZP07 ‘5 ¥kt K
B E R 293.39 mg- L7, Bacillus oryzaecorticis 1L.ZP04
SRR IR RIS iy 286.42 mg- L7 HI & 2C WAL,
Bacillus subtilis 1L.ZP06 S AR B F &=~ 1.13 mg-
L™, Bacillus aryabhattai 1.ZP01 5 FEEREH B T & & H
1.02 mg L™, Bacillus licheniformis 1L.ZP09 ‘5 T £k i 55
T 0.89 mg- L7, 3 MR HR HAT B4 1Y i 0 BE
1o AR BAR D RN E S5 R, Phide e (L RE 1 Bk
W) Bacillus aryabhattai 1.PO1  Bacillus pumilus LZP02 .
Bacillus megaterium1.ZP03 Bacillus huizhouenstis LZPOS |
Bacillus subtilis 1.ZP06 Bacillus ginsengisoli 1.ZP07 6
PRI T3 IME )R RE D E o
2.3 Bk EYHERE NE

I 3A R, AR R AR AR T ol FLAT 7008 TAA FY
fe 1, H. P Bacillus subtilis LZP06 43 W i B =1 N
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92.26 mg-L™,

AR TAA 43,
53.31 mg- L', H&3d ZIRAEA” TAA FRERRE

B TR AP T 0 B 1 58 5L 5 I 22 IR B R A i
K 3B AT, JREE R i = BN Bacillus sub-
N 2491 mg- L~ UH AR

tilis LZPO6 S T4 Bk , o 4x b i
WRAIAERTE 10.75~17.46 mg- L™,

M Bacillus aryabhattai 1.ZPO1 Bacillus
megaterium LZP03 F Bacillus ginsengisoli LZPO7 11 H.
9k 77.87.55.71 mg- L™ Al

TR AT & & PR 3C), Bacillus aryab—
hattai LZPO1 8 2 AK 3G ¥ & 39.2% , Bacillus pumilus
LZP02 %k #% 1K 35 7 A 25.59% , Bacillus megaterium
LZP03 % 2% 1A 7% M b 47.22% |, Bacillus huizhouensis
LZPO5 £k # AR5 N 64.44% , Bacillus subtilis 1.ZP06
B AKIEYE A 51.75% , Bacillus ginsengisoli LZPOT7
BURIEPE R 50.91% , Horp SR B ATE Ve f s i T R A
Bacillus huizhouensis 1.ZP0S

3 1tig

KRR R AR B AR, I EE R [ R i
R KIAAN ), BEE KRS AR A A BTk, L
HEAR 24525 15 e R ™ 20, AT S B L e b IR A
A FEMRAE R K T HREFEHR . AT RIETTK
%a*ﬁﬁi%&&}?ﬁaiﬁ@ FEWET 4 Bk, EWER 3 R
BT 3 Mk, 283 168 rDNA e HEX , 85 AR 73 ik
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A and B indicate the concentration changes of soluble phosphorus;
C indicates concentration of the potassium ion
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Figure 2 Functional determination of the strains
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A indicates the maximum release amount of IAA from strains;
B indicates the maximum release amount of gibberellins from strains;

C indicates the iron carrier activity from strains

3 EHRS I ERNE

Figure 3 Determination of hormone secretion of the stratins

WAV 2 T AT L, HoA 2R A=A DR

BT R AR RERS - A AE R R R R
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A R AT ™ IR M A KA AR R
AIVET, IEREDLE RNA IR 15T 95 i, S E i )
RGO IR R R R E RO e R S
K, AT HEARARHAE Y i A A e 2R SRS 8 A
FAVESESE . AT A bR BUA SR DL A A
FH AR T 00 S50 RE i 4 Qaf o o i B R AR R 733
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BRGS0 VE o 1 i X A
25 R 5 E NI IR L E, W8 P Bacillus
pumilus LZP02 F1 Bacillus huizhouensis LZPO5 fi# i GE
JrEgag , IF BAEA KRR SR B W b v T
fib A2 A T % W5 B P Bacillus megaterium 1.ZP03 |
Bacillus ginsengisoli LZPOT Vi RE 71 i & /i g

B A T R A B R A O3 R B b Bacil-
lus aryabhattai 1L.ZPO1 F1 Bacillus subtilis 1L.ZPO6 fi# £
RE L™ BT A AR T DL 4R T b A
OB AR R R KRR A K™, 28 ERTIR 4
ZEIFF IR T RUE W TR AR A A, BE AT DAA S50 i A
WA S m R AR i 5 ik T DL AR AR AR 25 % +
R, DRI . AT A R K X KRR A
HEBET M A AR sl Al AR 7= S e 7 AR

LV AR A G
4 Hig

IR G R, PRI VKRR B - s v AR
PR A BT = Sy 2 AT R TR R L X S TR FLAT AL
AW EE T S RE  RA RN E. S48 0t
i 56 28 IR & B, Bacillus megaterium 1.ZP03  Bacillus
huizhouensis LZP0O5 F1 Bacillus subtilis LZP06 5 %% iy
T el SRR  H A ROR I AE KR R
TR BRBUARE T, B 3 DR EA B ) i
ARy, A BRI TR R AT o WFFE R K
R DE AR T 5 A P4t 1 BRI AR S F o
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