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Abstract: [Objective] To explore the genetic diversity, phosphorus- and potassium-solubilizing
ability, stress resistance, and effect on rice seedling growth of indoleacetic acid (IAA)-producing
endophytic bacteria isolated from Aconitum carmichaelii Debeaux and to provide scientific support for
the sustainable development of A. carmichaelii industry. [Methods] Culturable endophytic bacteria
were isolated from surface sterilized healthy plants of A. carmichaelii, and their IAA-producing
capacities were measured by Salkowski spectrophotometry. The genetic diversity and phylogenetic
status of these bacteria were studied via 16S rDNA-restriction fragment length polymorphism (16S
rDNA-RFLP) and 16S rDNA full-length sequence. The phosphorus- and potassium-solubilizing
abilities and stress resistance of them were studied by plate culture method. The effects of
[IAA-producing endophytic bacteria on the seed germination rate of rice were tested by semi-solid
culture method after the seeds were immersed in bacterial liquids for 30 min. The effects of the
endophytic bacteria on rice seedling growth were investigated by hydroponic experiment in our
laboratory. [Results] Twenty-four endophytic bacterial strains were isolated from healthy A.
carmichaelii, with the IAA-producing capacities ranging from 21.39 mg/L to 84.43 mg/L. The 16S
rDNA-RFLP analysis indicated that these 24 strains were classified into 12 groups. The phylogenetic
tree constructed based on 16S rRNA gene sequences showed that the representative strains belonged to
Enterobacter, Klebsiella, Pantoea, Pseudomonas, Microbacterium, Bacillus, Sphingobacterium, and
Chryseobacterium, which demonstrated high genetic diversity. Twelve strains showed strong
potassium-solubilizing capacities. Most of the strains could grow normally within wide ranges of pH,
temperature, and NaCl concentration, while they showed little resistance to different antibiotics. Ten

strains significantly improved the germination rate of rice seeds, and 16 strains significantly promoted
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the growth of rice seedlings. We screened out 3 strains JY1-1S, JY3-6S, and JY10-1L that could not

only improve the seed germination rate but also promote the seedling growth of rice. [Conclusion] 4.

carmichaelii harbored rich and diverse IAA-producing endophytic bacteria. We screened out 3

endophytic bacterial strains that could promote the seed germination and seedling growth of rice. This

study laid a foundation for the development of plant growth-promoting biological fertilizer in the

future.

Keywords: Aconitum carmichaelii Debeaux; endophytic bacteria; indoleacetic acid; genetic diversity;
plant growth-promoting capacity; phosphorus- and potassium-solubilizing abilities; stress resistance; rice

) PN A T 4 AR 3 B 1 A T B 0 S
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TEIRZAERILAE R, A s K ACHH™ Py n]
XS R 7 A AT R SO0, U0 DA A R AR T S 1
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2. JCHLIRKE AT . BvA o nl T SRl )
WORORI ST, DL A3 IS e 2 BR (TAA) SR
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J& (Bacillus) FME - T J& (Pseudomonas) %% 1iE
SRR AR AR KT, R R A B R Ak
J3Uh. R N 2 20 T PR A A A BE A R A B
ARk %) S R U

53 (Aconitum carmichaelii Debeaux) h &
SR L R 2 R, A A B
SRR 40 PR A S 252 P, IR 3 000 48
AL T 8 o DOV B A T ™ X, BR
WL N R, LM IR R E . H AL
H, EWNSMT IR e K. B3k
ST — P I A AR, IR A HLIE N
fE2E NIRRT R AR ik 15 vhm™, JERHH AL
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fi, DRI R T = 3K Ak 1) 3R 44 a0 A P HE R
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ARITEIN . iR E ARG, BT Sk
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1.1 BRSLERIRE

ft B 5 S A MR R AR B 5 S 08 1l X 1] 4
YL (R 1), TESBORIMBEHLR AR 5 tRR
JC W S B HLICHIUBRADE 03 00 e 1 S Af bk, A
PRIEATCHESS, 24 h 4B AR .
1.2 SAEHAENS BEDL

B EZ ok Sk mi bk, I LURCE R 5
il 25 FE AR BRAR 5% B U8 1, R R B B 4G
W LSRR . 25 MFBTAR 3 em A2 KU,
ST TCHE A, Se ] 75%M A i AL
P 1 min, JCEKMEE 1 K; A5 2% NaClO
(B RCR S B)R AN FE 8 min, 2t B rpfdeas
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F1 BIAEMEIBER
Table 1 Isolation information of A. carmichaelii
Debeaux endophytic bacteria

Strains Sampling sites Organs
JY-1-1L Yanngting, Wudu, Jiangyou, Sichuan Leaf
JY-1-1R Yanngting, Wudu, Jiangyou, Sichuan Root
JY-1-1S Yanngting, Wudu, Jiangyou, Sichuan Steam
JY-1-2R Yanngting, Wudu, Jiangyou, Sichuan Root
JY-1-2S Yanngting, Wudu, Jiangyou, Sichuan Steam
JY-1-3R Yanngting, Wudu, Jiangyou, Sichuan Root
JY-1-4R Yanngting, Wudu, Jiangyou, Sichuan Root
JY-2-2S Laopingba, Sanhe, Jiangyou, Sichuan Steam
JY-3-6S Laopingba, Sanhe, Jiangyou, Sichuan Steam

JY-5-1S Changgeng, Zhangming, Jiangyou, SichuanSteam
JY-5-3S Changgeng, Zhangming, Jiangyou, SichuanSteam
JY-6-1L Changqing, Xiping, Jiangyou, Sichuan Leaf

JY-6-2S Changqing, Xiping, Jiangyou, Sichuan Steam
JY-6-3S Changqing, Xiping, Jiangyou, Sichuan Steam
JY-6-4S Changqing, Xiping, Jiangyou, Sichuan Steam
JY-9-3S Qiaolou, Taiping, Jiangyou, Sichuan Steam
JY-9-4R Qiaolou, Taiping, Jiangyou, Sichuan Root
JY-10-1LQiaolou, Taiping, Jiangyou, Sichuan Leaf
JY-10-3SQiaolou, Taiping, Jiangyou, Sichuan Steam
JY-10-4LQiaolou, Taiping, Jiangyou, Sichuan Leaf
JY-10-4SQiaolou, Taiping, Jiangyou, Sichuan Steam
JY-10-5SQiaolou, Taiping, Jiangyou, Sichuan Steam
JY-10-6LQiaolou, Taiping, Jiangyou, Sichuan Leaf
JY-10-7LQiaolou, Taiping, Jiangyou, Sichuan Leaf

P& 5 AR IERR 5 5 T8 B S e fih s B Jm FHIE
PR PEE 5 IR, BRIRAFEE 1 min, BUR )5 — Kb
PRI 100 uL 5114 F LB ¥4, it E T 28 °C
PRI BT SRR REIR 5 d, LUK 2 i v 25 AU RO o
e B THI 5 180 S R A TG R R ML P 4T
W, RS LB P-4, s F 28 °C fHiRKF=4H
g 5d, SRIGHREGEE . KN, B E S A
B TRVE FE 3 T8 LB S ralifh(2= 0 3 k),
B ERAGAE R . K4l ik 0 AR H R (30%2¢
W) PR BT P-A7 T80 °C UKF6 -
1.3 SIREHARED W IAA BEHNE
K Salkowski H (75N 5 13k N A 20
IAA M IBBES . W& L-B %% (200 mg/L)
) LB A K5 5% 56 v e Rl Ak 59 9 A 0 i
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(ODgp=0.2), 28 °C 51 T H55F 48 h (A )8k
7d (1&AEWR), ME ODgoo fE, [FIRFEL 1 mL B &
7 10 000 r/min &.0> 10 min J5, B 400 pL ki
WOMARIAFRY Salkowski H 6, BEALFE 30 min,
MERAAE 530 nm AL GIE . Fid B
20. 40, 60. 80. 100 mg/L A IAA FRyfEAW ,
DLAR IR 7 AL B IF 2 bRt 42, 3R & 2k
N A 2 TR 0 i TAA A &5 4
14 AEAFESHUERRZABHMNETE
K GUTC 7532 UL 7% 5L DNA, I
1% Bl BEBE I L UK KL 2E DNA i, RA
514 27F (5-AGAGTTTGATCCTGGCTCA
G-3")#1 1492R (5'-TACCTTGTTACGACTT-3")i#
17 16S rRNA FE[H PCR ¥4 ,PCR ¥ HEIA R Ay -
2x Mix 12.5 pL, 10 pmoL/mL f¥ 27F 1 pL,
10 pmoL/mL [ 1492R 1 pL, #&#z 1 uL, ddH,O
9.5 uL, PCR ¥ 1 41F: 94 °C FiAEVE 5 min;
94 °C A8 305,50 °C 1Rk 30,72 °C &A1 2 min,
30 MEF; 72 °C BIEf 10 min, 3 H
1% A B I W B8 JEAS N, LYK LR 80 'V, 80 min,
e Hinf 1 (37 °C). Hae 111 (37 °C)M Taq 1
(65 °C)XF4lifkJ5 1y 16S rRNA K&K PCR =¥ ik
TrmEYI, BV =90 2% NG W R e i K 0 A 5 A
I (FEL K LR 80 V150 min) I ic s M 257,
LG 3T 45 SR A NTSY S BAF 4715
Ko, BAEEFEEC 1 HRACRTER . R
KRN 16S rRNA JE#E1T PCR 73, ik
ZACTER AR RA W, W sy
HITE NCBI 04l PEHEA T EE T, AR beoxor 25 SR 3k
WS W E kL, FIFH MEGAT.0 B RS R H
B, B 2R A
1.5 S3L=1AA WA ME SRR
BE 1 E
1.5.1 53k7= IAA REMRERBETME HiNE
A3 FIERN 50 pL ODgo=0.2 F 1L B bk T 5
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W LL Cas(POy), . BRWERE A ME— Wi 5 1 15
FRHEEF AR A0 Jy o — SR R 5 R 3, 28 °C
ISR 3-7d, WEREGAEHERE . B,
TR SR 5L . (NH,),S0,4 0.5 g, MgSO,-7H,0
0.5 g, NaCl 0.2 g, Ca;(POy), 10.0 g, CaCO;
0.5 g, #i%iH 0.5 g, MnSO, 0.02 g, FeSO4 0.02 g,
B # 20.0 g, ZEIE/KEZE 1000mL, pH N
725 A HLBE B 3% 5 . (NHL),S04 0.5 g,
MgS0,-7H,0 0.5 g, NaCl 0.2 g, BP#iNE 0.2 g,
CaCO0;0.5 g, #i%j B4 0.5 g, MnSO, 0.02 g, FeSO,
0.02 g, BifigHr 20.0 g, ZEIM/KEZAE 1000 mL,
pH Jy 7.2; f#EEEFRALE: NapHPO, 2.0 g, BEME
5.0 g, MgS0,-7H,0 0.5 g, FeCl; 0.05 g, CaCOs
0.1g, #IKAH 1.0g, HiEH 20.0 g, KK
EZRE 1000mL, pH N 7.2,
152 5377 IAA REMWEEEENNE

(1) W Rt vk S 42/ T LB P AR,
ST 4. 28, 37 F1 65 °C HUH b P 30 min J5
BT 28 °C B FRAAHIRE SR 4 d, WELCRETE
ERNIRU

(2) pH: BT AR 53904270 T pH Ry 4.0,
50, 6.0, 7.0, 8.0, 9.0, 10.0 # 11.0 & LB
A, 28 °CHIEREFE 4 d, MECHEREE LK

(3) NaCl W& JE . Bl i Ak 43 ol 42 Fh
NaCl ¥ E R 1%, 2%. 3%. 4%F1 5%H) LB
B, LA NaCl ¥R 0.5% KX IR, 28°C fa il &5 57
4d, MEICHER ARG

(4) YU R PRz At ek o 4 Fh
T Wi IR B 5 2 (streptomycin sulphate) . 5 R BT 25
& (neomycin sulfate) . B2 KL% % (kanamycin
sulfate)#¢ &£ 4 25, 50, 100, 200, 500 mg/L AY
LB ‘VHl, VAR TCHIA R LB ~FACh XTI,
28 °C fHIAKEFF 4 d, MESIC VK A KAF .

1.6 S~ IAA AEMAEXKEMFiAL
A

WU RREEFN T LB WiiAR; 375, 28 °CfE
IFEREE IR 48 h (PVERDEL 7 d (1BA:1E), # 20
KK RERIT-(ZE 967 R BT U 1x10° cell/mL
F B 30 min, SRJSHKRIFP BT 0.2%3%
NEEFREL, DUR IO K B KRR X R
BT 28 CIGFMIGF, 3WAEY¥ER, 3 d
JESIT R R R RKIHTR R
ZER R (%)=R B S g
100,
1.7 SLFIAA REMEXKEMEEK
B =2 Ml

TEHOR/N— B KRG, 287 4% K THIH
BE(F S LR R TTHEE), HUCE T 0.2%3ilEHE
FRH, T 28 °C ISR B L I K
IKFEDHT . BUER —B KRB E o6
KRR A RARE FR O (RS, (R A
ZnS0O4-7H,O0 043 g, MnSO4H,O 13 g,
Na,Mo0,-2H,0 0.75 g, HBO; 2.8 g, CuSO4-5H,0
0.026 g, CoSO47H,O0 0.007 g; K B:
MgSO,-7H,0 2.0 g, CaClL-2H,0 2.0 g,
FeSO,-7H,O 0.44 g, EDTA 0.4 g; K C:
K,HPO, 60.0 g, KH,PO, 40.0 g; &k D:
(NH4),S04 66.03 g, 4 PRI LI LR /KERE
1000 mL, FFKE. MA 1 mLE:HE A, 50 mL
f% B, 15 mL A C, | mL & D, KKK
ERZE 1 000 mL AERKREAERMERR). 1+
K EREPAEK 3 d e, EEEET
FEAP 1 mL (2x10° cell/mL)ftiat 7 Fk B
A HEE 10 MEE, BT 25 °COLiaESR
=, BRCALHE 16h, KA 8h, A3 dAhRE
1 WEFRR, B35 30 d, SEit/kFakatk g
#,OMEEE . R, bRE . b TE AR T,
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1.8 HEFITSHH

FHI SPSS 25.0 FAFXF 53k NAE AR 7 TAA
T KRR KRR SR
PG50t . R FEL R R 0 i L 25 25 R O
Mr, BEHKEEN P<0.05,

2 X504

21 GBIRBEEMIXESALEHAENSS
ik

AWFFENPIN B VLI 5 DT BOR 5 Sk A
PRIGAR | 25 | i rp bl B3R A5 24 BRIN AR AN (5R
1), HoPAZESEMERRZ (13 ), 850
BITEARIY 54.2%, U6 R), AR5
) T R IR 2D (5 7)o
22 S ANEME [AA B

XS Sk N A TR 40 I TAA BB IR 2,
H IAA 43 &R 21.39-84.43 mg/L, H
JY-10-7L & & % % (84.43 mg/L) , JY-1-3R
(65.79 mg/L)IKZ, TY-6-3S (21.39 mg/L)&xf.
15 BRAL R TAA 43 F 2040 mg/L, 7
FRA T 40-60 mg/L, 2 #£4F 60—-80 mg/L.

F2 HilEH IAA D2

Table 2 TAA production of tested strains

Strains IAA value/(mg/L)| Strains  IAA value/(mg/L)
JY-1-1L 21.880+0.543¢ JY-6-2S  45.630+0.054d
JY-1-1R  41.554+0.109d JY-6-3S  21.391+0.163e¢
JY-1-1S 29.815+£2.391e JY-6-4S  42.533+0.870d
JY-1-2R  26.663+0.543¢ JY-9-3S  22.533+£2.065¢
JY-1-28S 41.337+2.500d JY-9-4R  28.293+4.565¢
JY-1-3R 65.793+£0.761b JY-10-1L 57.837+0.543¢
JY-1-4R  28.946+0.543e¢ JY-10-3S 35.500+0.946¢
JY-2-28 24.054+0.543¢ JY-10-4L 36.826+1.35%¢
JY-3-6S 22.207+0.870e JY-10-4S 24.054+0.435¢
JY-5-1S 34.652+1.467¢ JY-10-5S 40.902+1.087d
JY-5-3S 32.533+0.326¢ JY-10-6L 40.739+2.011d
JY-6-1L 24.728+0.957e JY-10-7L 84.434+7.880a

Data was presented by means with standard error of three
replicates. Different lowercase letters indicated significant
difference (P<0.05).

<l actamicro@im.ac.cn, & 010-64807516

23 AHEAEZHMERRAFA BN
231 HNEWEEDHM

SR MR AT 16S TRNA LK PCR §73
AR 1 229 1 500 bp [ #— 25717 . 16S rRNA
JE[R PCR ¥4 Hinf 1 BV 534545 9 Fh ok
KA, LGB Z(6 #k); Hae Il £ 6 ~2EHY,
e iR 29 ¥F); Taq 137 DA, Pl 6 M2
(6 BR)(FK 3). £ 3 P YISS JRAE NTSYS A
SR, RL 91 %A AKF, R R AR R
N A-L 9 12 DEREE 1), Kb H A8
PR Z (5 BF), HKh K 44 #k). C 43 ).
LGB AR ), Hpods 1k,
£3 BINEMEEEIER
Table 3 16S rDNA-RFLP types of endophytic

bacteria from A. carmichaelii Debeaux
16S rDNA-RFLP

Strains
Hinf 1 Hea 111 Taq 1

JY-10-1L H b 3
JY-10-3S H c 3
JY-10-4L I d 5
JY-10-4S E e 6
JY-10-5S G a 5
JY-10-6L H e 7
JY-10-7L D b 2
JY-1-1L F c 6
JY-1-1R H e 3
JY-1-18 G e 6
JY-1-2R D b 5
JY-1-2S G e 6
JY-1-3R H e 5
JY-1-4R E e 3
JY-2-28S B c 3
JY-3-6S G e 6
JY-5-18S G e 6
JY-5-38 C a 5
JY-6-1L A a 3
JY-6-28 I b 3
JY-6-3S E a 4
JY-6-4S I f 3
JY-9-38 G a 2
JY-9-4R D b 1
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! JY-10-1L7
. JY-628 | A
5 JY-6-4S — B
i JY-10-7L |
! —':JY-I-ZR - C
I JY-9-4R |
i ' JY-1-IL — D
i JY-10-3S— E
! Jy228 — F
: JY-10-4L— G
! JY-10-4S
: JY-1-18
! JY-128 + H
! JY-3-6S
! JY-5-18
i JY-10-6L |
, JY-1-1IR | 1
: —':JY-I-BR ]
: JY-1-4R — ]
| IY-10-58 ]
: I:JY-9-SS K
JY-5-3S
: JY-6-3S |
o gyeiL— L
073 076 079 082 085 088 091 094 097 1.00
1 X E# NTSYS B£E
Figure 1 Cluster diagram of NTSYS of strains. Strains in bold were selected as the representative strain for

16S rRNA gene sequencing.
232 HERAERGAE AL

M4 RFLP 8450, el 12 BRAGRE K
AT 16S rRNA FEFFHIINE , IFE ARG K
TR AT HE o 2z (] 2) AR Bk S 2 1
FARER T 8 DAFR LT 733 533 1 Nt
I J& (Enterobacter), H JY-1-4R FIH:Z L RR
M. JY-1-4R EAHRIERS Enterobacter
huaxiensis, FUPEN 95.29%; 4337 11 A B AR
¥ & (Klebsiella), 5 2 ¥RE, TY-6-4S 5 JY-6-2S
AU RIS N Klebsiella oxytoca , FAIHA: 351K
98.62%711 98.48%; 4337 I A2 i@ (Pantoea), Hi
JY-1-1L I HeEkeH s, 5 Pantoea agglomerans
MU, Tl 94.61%; 433 IV MRS
(Pseudomonas), % 2 PR, JY-10-3S 5 JY-2-2S

AL A 100 %, BN [RI—FE, 5 Pseudomonas
baetica FIVERE1(94.59%); 4352 V MHidT s
(Microbacterium), 1 H JY-10-4L 5 HEARPIE L
Microbacterium oxydans 0%, N 97.61%:;
53 V1N AT IR 8 (Bacillus) , F 3 7R, TY-6-1L
5 1Y-3-6S WIEAMUBE N Bacillus subtilis, AR
PSR 99.13%. 99.21%, JY-9-3S fALL Bk
N Bacillus amyloliquefaciens, FUYEH 98.21%;
3 VI N2 BEF I8 & (Sphingobacterium),
JY-1-1IR KZWHRAL, 5 Sphingobacterium
multivorum AR, H 95.14%; 4337 VIIL Ry
G & (Chryseobacterium), H JY-9-4R S H:
SRR, 5 Chryseobacterium culicis A
i, o 97.12%.
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98

99

100

JY-1-4R (MZ 636637)
921! Enterobacter ludwigii DSM 16688" (KF 516257)
80 Enterobacter asburiae ATCC 359537 (AJ 417483)
Enterobacter huaxiensis XS 1137 (MT 000017) J
Klebsiella oxytoca S 1227 (MT 509939)
JY-6-4S (MZ 636642)
JY-6-2S (MZ 636641)
Klebsiella michiganensis W14T (JQ 070300)
Klebsiella spallanzanii SPARK 775C1T (MN 091365)
Klebsiella pasteurii SPARK 836C1T (MN 091366) z
Raoultella planticola ATCC 335317 (FJ 971885)
Pantoea conspicua LMG 24534 (EU 216737)
100 Pantoea vagans LMG 24199" (EF 688012)
JY-1-1L (MZ 636635)
Pantoea agglomerans ABP 2 (MH 420252) S
Pseudomonas syringae INB 918T(CP 024646)
Pseudomonas fluorescens YK 310" (CP 071797)
1008 pseudomonas granadensis F 278" (HG 764746)
8%1; Pseudomonas moraviensis CCM 72807 (AY 970952)
68 |l Pseudomonas koreensis PS 914 (AF 468452)
54 | Pseudomonas baetica A 390™ (FM 201274)
50 Pseudomonas aerujginosa MS 7T (MK 719957)
100 JY-10-3S (MZ 636645)
JY-2-2S (MZ 636638)
Burkholderia cepacia LMG 12227 (EU 024171) =
100 rJY-10-4L (MZ 636646)

51

Microbacterium oxydans DSM 20578" (MH 321609) .

Bacillus spizizenii B 23049" (E 138464)
JY-6-1L (MZ 636640)
JY-3-6S (MZ 636639)
To0 I Bacillus velezensis B 415807 (EU 138484)
51| Bacillus subtilis S 64" (F zJ 763648)
Bacillus vallismortis B 14890" (EU 138463)
- JY-9-3S (MZ 636643)
Bacillus atrophaeus NRS 213" (EU 138516)
Bacillus licheniformis DSM 13T (MH 064351)
68 Bacillus tequilensis CE 12" (MK 618597)

65|| Bacillus amyloliquefaciens DSM 77 (KY 047618)

56  Bacillus stercoris ICM 300517 (MN 536904)
58L Bacillus siamensis KCTC 136137 (KY 643639) -
Sphingobacterium siyangense SY 1T (EU 046272)

{g Sphingobacterium caeni DC 8T (JX 046042)
Sphingobacterium detergens R 54354™ (LN 995709)
Sphingobacterium canadense CR117 (AY 787820)

Sphingobacterium multivorum 1AE 9" (MK 415039)

'— JY-1-1R (MZ 636636)

Sphingobacterium pakistanense NCCP 246" (AB610802)

— JY-9-4R (MZ 636644)

LChryseobacterium rhizoplanae CCM8544™ (MT 760217)
Chryseobacterium candidae JC 507" (LT 838865)

54
50

100

[
0.05

100 Chryseobacterium jejuense JS 178" (EF 591303)
Chryseobacterium aurantiacum F 30T (MH 041153)

53| Chryseobacterium lactis KC 1864 (JX 100821)

Chryseobacterium indologenes ATCC 29897" (M 58773)

Chryseobacterium gleum THBB 7185" (KJ 767339)
Chryseobacterium nakagawai G 417 (JX 100822)
Chryseobacterium culicis CSAE 47 (KJ 186950)

2 RREEHK 16S rRNA EFRLE LB
Figure 2 16S rRNA gene based phylogenetic tree of representative stains isolated from A. carmichaelii
Debeaux and reference strains. Numbers in bracket represent the sequences accession number in the
GenBank. Bootstrap value was 1 000. Bar, 0.05 sequence divergence.
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24 BT IAA WEMRBHEBEE LY FAK, R od/EY BB, RPH

BE TCIRBEEE J1 (2 4); e LIV A 0 S #R 1Y B
2.4.1 B3 1AA RNEAEAEARIRRE FEFRIEF AR, Hd 12 #ROGLHE R

BERTRAE L Cas(POL), MBI TEHUBE v ol 5 B LU VA B0, 214 0
AL BR BB D B U5 A LR B 5 5 P 2 RE (1 3).
x4 A ERE SR EE
Table 4 Phosphorus and potassium solubilizing ability of tested strains

Ca3(PO4)2 Lecithin K20A12036SIOZ
Growth Solubilizing capacity Growth  Solubilizing capacity Growth Solubilizing capacity

Strains

JY-10-5S
JY-10-4L
JY-10-4S
JY-10-1L
JY-9-4R
JY-10-3S
JY-6-48
JY-9-38
JY-6-1L
JY-6-38
JY-5-3S
JY-6-2S
JY-10-6L
JY-10-7L
JY-1-1R
JY-1-18
JY-1-2R
JY-1-2S
JY-1-1L
JY-1-3R
JY-1-4R
JY-2-28
JY-3-6S
JY-5-1S 1
“1” indicated that bacteria could grow normally on the corresponding plates; “0” indicated that bacteria could not grow on the
corresponding plates. “Y” indicated the existence of solubilizing circles around the colonies. “N” meant no solubilizing circles
by the strains.

222 2222222222222 22222Z2Z27Z
2222222222222 22222222Z2Z7Z
ZZZARZ AL ZARZALALZZZZ AL Z << T

3 X ERAREEE

Figure 3 Potassium solubilization ability of the tested strains. From top to bottom, from left to right, the strains
were named JY-1-2R, JY-1-2S, JY-1-3R, JY-6-2S, JY-10-6L, JY-1-1R, JY-10-3S, JY-6-4S, JY-1-4R, JY-10-5S,
JY-10-4S, JY-10-1L.
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24.2 5LFE IAA WAMAE BT AE

P B AR XRLEE . pH . NaCl ¥ B2 i i 22 1
3l $5 (FR 5), KAR4r TR BIRETE 4 °C .28 °C.
37 °C. 65 °C #Y 30min ZEFRJ5 A4 K, X 3 Bk
R AR, Horp JY-5-3S §%59, 1E 4 °C,
37 °C H1 65 °C #i#% 30min A HG ok A4 K,
HR K TY-10-6L (4 °C ., 65 °C i 30 min Kb H)
F1 JY-9-4R (4 °C); [% JY-5-3S 7E pH 8.0 UL ||
JY-9-4R 7E pH 10.0 LA I, JY-1-3R 7E pH 11.0
SRR, HARWEHRAE pH h 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 10.0, 11.0 BrgA[ A4 K ;
1 JY-5-3S 5 JY-9-4R 7£ NaCl ¥R )& 4% G
PR, HAMHAERAE NaCLIRIE N 1%.2%.

3%. 4%. 5% TFHEATIEE ALK, 5 CK A
o, 14 BRESKERAE RS MR IR FE R 3 . BB
HE. MR EIER 3 MPiEZRMN LB Fih
ToEAK (R 6)o 3 MRALITH YR BEAE & TR 55 55
R LB IG5 AR, Hidr TY-2-2S i 52 Pk A
5, AIFES R AREERE R 300 mg/L A9 LB 5535 b
K, JY-6-3S (200 mg/L)'5 JY-10-7L (50 mg/L)
RZ o 9 BB PR RETE 5 BB 25 R (1 LB K
IRk bR, Hrb 8 BRENEETE 25 mg/L WA
AR, JY-6-4S AJ1E 50 mg/L ¥ E A K, %
PR —E T 32 M. JY-5-3S. JY-6-4S 43 BIRETE
TR RABEE E 100 mg/L . 25 mg/L ) LB ¥
ALK, RNz,

%5 WHEHARERE. pH. NaClRE MR FH

Table 5 Tolerance abilities of tested strains to different temperature, pH and NaCl concentrations

. T/°C pH NaCl/%

Strains CK

4 37 65 50 6.0 8.0 9.0 100 11.0 1 2 3 4 5
JY-1-1L +HH+ o+ + + 4+ + + + H+ ++ ++ +
JY-1-1R +++ + +++ + + + +++ + + + + + + + +
JY-1-1S 4+ 4+ + + ++ o+ + +++ 4+ ++ ++ +
JY-1-2R +H+ o+ + o+ o+ + + ++ + + + +
JY-1-28 -+ e+ + + ++ ++ o+ + + + + + +
JY-1-3R +++ o+ A+ + + + ++ + + - +H++ ++ + +
JY-1-4R +++ A+ A+ + ++ +++  + + + + + + + +
JY-2-28 +H+ o+ + + + ++ + + + ++ + + + +
JY-3-6S =+t ++ + + + + +++ + + +
JY-5-1S +H+  + +H+ + + + +H+  + + + ++ ++ ++ + +
JY-5-38 -+ - = - + + - - - - + + + - -
JY-6-1L +++ 4+ + + ++ +++  ++ + + ++ + + + +
JY-6-1S +++ 4+ + + + ++ + + + ++ + + + +
JY-6-38 +H+ + + + ++ ++ o+ + ++ ++ ++ + +
JY-6-4S +++ A+ + ++ ++ + + + +++  + + + +
JY-9-3S +++ o+ o+ + + + ++ + + + ++ ++ ++ + +
JY-9-4R -+ - ++ + + ++ ++ + - - ++ + + - -
JY-10-1L +H+ A+ + + ++ ++ + + + ++ + + + +
JY-10-3S +++  + +++ + + + + + + + +++ 4+ ++ + +
JY-10-4L +++ A+ + + ++ -+ + + ++ + + + +
JY-10-4S +++ 4+ A+ + + + ++ + + + ++ + + + +
JY-10-58 A+ + ++ ++ + + + ++ ++ ++ + +
JY-10-6L +++ - + - + ++ ++ + + + ++ ++ ++ + +
JY-10-7L A+ ++ ++ ++ o+ + +++ ++ ++ +

CK indicated the bacterial growth status on LB solid medium and different numbers of “+” indicated the growth status of
tested bacteria on corresponding plates as compared to that of CK; “—” indicated that bacteria could not grow on the

corresponding plates.
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Table 6 Antibiotics tolerance capacities of tested strains

Streptomycin sulphate/(mg/L) Neomycin sulfate/(mg/L) Kanamycin sulfate/(mg/L)
Strains CK

25 50 100 200 300 25 50 100 200 300 25 50 100 200 300

JY-1-1L -+ - - - - - + - - — - — - - - -
JY-1-1R e - - - - - - - - - - - -
JY-1-18 T - - - - - - - - - - - -
JY-1-2R e - - - - - - - - - - - -
JY-1-28 e S - - - - - - - - - - - -
JY-1-3R T - - - - - - - - - - - -
JY-1-4R e - - - - - - - - - - - -

JY-2-28S +++  ++ + + + + + — - — - - - - - -
JY-3-6S T - - + - - - - - - - - -
JY-5-18 - - - - - + - - - - - - - - -
JY-5-3S +++ - - - - - - - - - - + + + - -
JY-6-1L e - - - - - - - - - - - -
JY-6-1S +++ o+ - - - - + - - - - - - - - -
JY-6-3S +H+ o+ + + - + - - - - - - - - -
JY-6-48 +H+ - - - - - + + - - - + - - - -

JY-9-3S - - - - - - - - - - - - - - -
JY-9-4R - = - - - - - - - - - - - - -
JY-10-1L  +++ - - - - - - - - - - - - - - -
IY-10-38  +++ - - - - - - - - - - - - - - -
JY-10-4L 4+ - - - - - - - - - - - - -
IY-10-4S  +++ - — - - - +o- - - - . - -
IY-10-58  +++ - - - - - - - - - - - - - - -
JY-10-6L  +++ - - - - - - - - - - - - -

JY-10-7L  +++  + + - - - + - - - - - - = - -

CK indicated the bacterial growth status on LB solid medium without any antibiotics and different numbers of “+” indicated
the growth status of tested bacteria on corresponding plates as compared to that of CK; “—” indicated that bacteria could not
grow on the corresponding plates.

2.5 S IAA REWAEXKEFFiIAL  IY-5-3S 55) KWW B & 02 KRR 7 &
Y =2 M JY-1-1R ., JY-3-65 Fl JY-5-35 b BRAR ik & 2 %
B bR L R R A FOK AR L 2F 1 B, B3R K 98.3%. JY-5-3S . JY-6-3S . JY-1-1S
DL 7o 24 BREEXTRSRIIATIEHKFERI ) 1 JY-9-3S HRE R B KRG B4 K ;
&, Hd 9 BB EAROY-1-1R . JY-3-6S . TY-5-3S . JY-10-1L. JY-3-6S HIRefit bk RE 2R 104
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. JY-5-3S iR EF R MK A 3 K 55K,
2.6 BLFIAA AEMAEMNKEHHEK
B &2 M

A R K AR 4y 1 A KA A TR R A A
HVEH(GE 8). TY-10-1L. JY-1-1S. JY-2-2S &
FARIE KR T YRR 7 AR Ak
(JY-10-1L. JY-1-1S. JY-2-2S §)ibHf55 CK

x7 WHAERIKEHTFHEEZOZMN

Table 7 Effect of strains on seed germination of rice

AHLG R e K A B EE G ;. TY-10-11 @ 4
PR MK 5 MRUY-10-1L, TY-1-1S. JY-6-4S
SV E R E KRR TY-2-2S 5 JY-10-1L &
PR SRR o e EE T 7 RR(JY-2-28S
JY-10-1L, JY-1-1S %)@ M af s ; 13 #k
(JY-10-1L, JY-1-1S, JY-2-2S %)@ H R EH
THE,

Strains Germination rate/% Root length/cm Bud length/cm
JY-1-1R 98.3+1.71% 1.834+0.191 1.181£0.106
JY-3-6S 98.3+1.71%* 1.875+0.083 1.259+0.0261*
JY-5-3S 98.3+1.71%* 2.057+0.1371* 1.281+0.0191*
JY-10-1L 96.7£1.71%* 1.793+0.081 1.284+0.0941*
JY-10-3S 96.7+1.71* 1.694+0.124 1.231+0.043
JY-1-3R 95.3£2.91* 1.717+0.074 1.252+0.085
JY-2-28 95.3+2.91* 1.5954+0.103 1.247+0.056
JY-9-4R 95.1£2.91* 1.419+0.017 0.946+0.084
JY-6-4S 95.14£0.11* 1.619+0.111 1.184+0.055
JY-6-3S 93.3+4.4 2.089+0.24117* 1.268+0.086
JY-1-18 93.3+3.3 2.279+40.2327* 1.249+0.065
JY-10-7L 93.3+1.7 1.759+£0.051 1.222+0.058
JY-1-2S 91.7+4.4 1.748+0.111 1.252+0.056
JY-10-4L 91.7+4.4 1.863+0.182 1.222+0.088
JY-9-3S 91.74£3.3 2.071+0.1791* 1.108+0.079
JY-1-4R 91.4+2.9 1.632+0.111 1.124+0.041
JY-5-1S 91.1+£2.9 1.642+0.097 1.156+0.075
JY-1-2R 88.3£6.7 1.559+0.168 1.175+0.076
JY-6-28 88.3+4.4 1.617+0.188 1.144+0.075
JY-10-4S 88.3+3.3 1.887+0.073 1.108+0.064
JY-1-1L 88.3+1.7 1.729+0.206 0.933+0.083
JY-10-6L 86.7+4.4 1.451£0.159 1.022+0.122
JY-10-58 85.4+2.9 1.762+0.164 1.095+0.048
JY-6-1L 85.4+0.1 1.701+0.023 1.079+0.073
CK 85.3£0.3 1.676+0.005 1.068+0.027

Data was presented by means with standard error of three replicates. “1*” indicated a significant promotion (P<0.05)

compared to CK.
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Table 8 Effects of tested strains on rice seedling growth

. Plant dry Plant fresh . Shoot fresh Root fresh Shoot dry Root dry
Strains weight/g weight/g Root length/em Hight/em weight/g weight/g weight/g weight/g
JY-2-2S 0.061+0.0041* 0.288+0.0321* 18.780+0.889  20.030+1.591  0.223+0.0241*  0.065+0.0081* 0.053+0.0031* 0.008+0.0011*

JY-10-1L0.054+0.0041* 0.277+0.0181* 21.690+0.9961* 21.210+1.0611*0.220+0.0141*

0.057+0.0051* 0.057+0.0031* 0.007+0.0011*

JY-1-1S 0.053+£0.0031* 0.281+0.0201* 20.760£1.041  22.880+0.6871%0.213+0.018 0.068+0.0077* 0.046+0.003  0.007+0.0011*
JY-6-1L 0.051+0.002  0.256+0.0051* 18.630+0.426  20.650+0.925 0.211+0.004 0.045+0.002  0.045+0.002  0.006+0.0011*
JY-10-6L0.049+0.007  0.223+0.033  17.730+0.324  19.490+0.854 0.197+0.022 0.051+0.004  0.048+0.004 0.006+0.0011*
JY-1-1L 0.047+£0.005 0.295+0.0091* 18.210+£0.970  18.520+0.848  0.226+0.0081*  0.048+0.001  0.041+£0.004  0.006+0.0011*
JY-10-350.047+0.003  0.231+£0.010  19.240+0.742 20.160+1.115 0.193+0.009 0.038+0.004  0.041+0.003  0.006+0.0011*
JY-6-4S 0.045£0.003  0.234+0.020  17.400+0.251 21.570+1.5111* 0.186+0.017 0.048+0.0041* 0.042+0.003  0.006+0.0011*
JY-10-4L0.042+£0.005  0.216+0.027 21.020+1.217 21.970+1.0311*0.208+0.015 0.032+0.004  0.037+0.005 0.005+0.0011*
JY-1-1R 0.039+0.004 0.181+0.024 16.810+0.483 16.980+1.633  0.140+0.020 0.041+0.005  0.033+0.003  0.005+0.0011*
JY-1-4R 0.038+0.005 0.242+0.012  17.440+0.601 19.670+1.092 0.199+£0.012 0.043+0.006  0.033+0.005  0.004+0.001
JY-6-3S 0.038+0.002 0.211+0.007  19.550+0.683  19.250+0.677 0.169+0.005 0.042+0.002  0.033+0.002  0.005+0.0011*
JY-10-450.037+£0.005  0.224+0.018  16.790+0.981 17.910+0.827 0.177+0.015 0.046+0.003  0.032+0.005 0.004+0.001
JY-10-5S 0.037+0.004  0.292+0.0341* 18.460+0.468 20.910+0.862 0.213+0.009 0.07940.0341* 0.032+0.004  0.004+0.001
JY-1-2R 0.036+0.003  0.249+0.015 20.710+0.546 19.310+0.447 0.211+0.015 0.038+0.003  0.031+0.003  0.006+0.0011*
JY-3-2R 0.034+0.005 0.188+0.024 19.370+0.615 20.110+0.854 0.173+0.011 0.036+0.002  0.032+0.003  0.006+0.0011*
JY-5-3S 0.034+0.004 0.230+0.011  19.620+0.728  19.640+0.794  0.198+0.008 0.032+0.004  0.030+0.003  0.004+0.001
JY-1-3R 0.034+0.004 0.183+£0.018 19.660+0.478 14.610+0.588 0.155+0.016 0.0284+0.003  0.030+0.004  0.004+0.001
JY-10-7L0.033£0.005 0.212+0.029 21.570+£0.944 21.440+0.6961*0.189+0.014 0.046+0.004  0.032+0.004  0.004+0.001
JY-6-2S 0.033+£0.003  0.236+0.010 18.870+1.320 18.830+1.268 0.188+0.007 0.048+0.0051* 0.029+0.003  0.004+0.001
CK 0.033+0.001  0.193+0.006  17.870+0.396 17.890+0.476 0.174+0.005 0.019+0.001  0.030+0.001  0.003+0.001
JY-9-4R 0.032+0.004 0.221+0.017  19.520+0.631  19.390+1.007 0.180+0.013 0.041£0.005  0.028+0.004  0.004+0.001
JY-5-1S 0.032+0.004 0.191+0.011  15.750+0.658 16.890+1.025 0.165+0.010 0.026+0.001  0.028+0.004  0.004+0.001
JY-3-6S 0.030£0.004 0.270+0.0341* 19.480+0.446  19.130+0.498  0.193+0.004 0.07740.0341* 0.026+0.003  0.004+0.001
JY-9-3S 0.030+0.004 0.178+0.011  18.210+0.359  18.720+0.498 0.141+0.011 0.037+0.001  0.025+0.004  0.004+0.001

Data was presented by means with standard error of three replicates. “1*” indicated a significant promotion compared to CK.

3

IAA AR+ & FRE AR AR, IR REYY
oo AR R XS 300 58 A M o B UL T 0 TAA 1Y
YN AW EFE R AR . )R . R
Muw g . kT )E iz sl AR ST g
L SAR R Y B L B 24 MO TAA A
GHTR , 530 JE TR L TR 8 (Pseudomonas) . 241
FF# & (Bacillus) . 4 BT J& (Chryseobacterium)
85 A BEAT )| (Sphingobacterium) . 12 14 &
(Pantoea). F¥¥ & (Enterobacter). w5 1A K

¥4 J& (Klebsiella) . A I8 )& (Microbacterium).
5K 25 PTG L5 S Al Ak 2 25 31 30 BRI AR 4T

4y A @ F 2 K B 8 (Bacillus) . 1 ¥ 5 @
(Enterobacter) . EURTH J& (Herbaspirillum)FIME H.
il 1 ) (Pseudomonas)'™ , 53 A= AR HAT 35
B B E 2R SR N AR R 53 I TAA IR AT
EES, WMMNAREHNAEMNFE™ IAA 524
12.8-34.5 mg/LP%, ¥ . AS M KL WA
e IAA /35 a] 15 34.69,10.20 52 31.58 mg/LE >,
AT S S NAE A 3 TAA {EA T 21.39-
84.43 mg/L Z[ul, FEAlE JY-10-7L (& &FT A

http://journals.im.ac.cn/actamicrocn



1498

Luo Xing et al. | Acta Microbiologica Sinica, 2022, 62(4)

J&), H” IAA {1k 84.4 mg/L., U E&ERE
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