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FooF, DRy, ReE, ek, BEE, BRrd, 4 A mAEYT
(1. PERgMOl R2E A dnBl2=24Be, =rs BRI 650224;
2. TR R, A ERMARBRERR SEEEAERE, ~m B 650224)

WE: [ HaY ] I HAREEW (Toxicodendron succedaneum) L5570 B MG T 1 ARy 15|WE Z /R (indole-3-acet-
ic acid, TAA) N TE (BSH-1), X ILHFAT 5 I o0 B AR A 0, O FF A i 2k W IR R AR 5
[ 753 )l & 22 R (s LB bk BSH-1 BTE S, 454 16S rRNA JE R F 5041 1 R 48 & 75 20 ifl o ey
ZeeE AT FHA K IR ik BSH-1 A9s BAE K IR . pH {EFN NaCl Jim ¥k ; FIH Salkowski {4
P PR A TAA (RE T s SR AR [R) 28 B I TR bR & RV 0 N KRS . S A R SPAR RN 1, Sl e
FHI AT BRI kR . 22 AR K SRR MR R B AR . [ 453 ] % Wtk BSH-
| AN ZERINF B (Bacillus subtilis), WAL 35 °C. pHAEJY 7 F1 10 g/L NaCl 04 F 4= K&K, #i#k BSH-
1 7= TAA [WRE 1353 17.27 mg/L; Rl e KRB Ak o SRR AARBUR HERE R A 1, bk s A
HRE 3 HEXT BT 9.0% Fi1 20.8%. [ 2518 ] A REZEEAT I BSH-1 g4 1AA, KRN ALK, BAEY

WIETT &7 1o
EBEIR): AP AR LA AR RRIAT R A WIRRCER; fRAEFRE
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Growth Conditions and Growth-promoting Characteristics of an
Endophytic Bacterium from 7Toxicodendron succedaneum
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Genetic and Tree Improvement & Propagation in Universities of Yunnan Province,

Southwest Forestry University, Kunming 650224, China)

Abstract: [ Purpose] An endophytic bacterium named BSH-1 was isolated and selected from the
sterile seedlings of Toxicodendron succedaneum, which could produce indole-3-acetic acid (IAA), to
identify it and to analyse its growth-promoting characteristics, providing theoretical basis for the de-

velopment of microbial fertilizer. [ Methods] The morphology of strain BSH-1 was observed by
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Gram staining and identified by 16S rRNA gene sequence analysis. The optimum growth temperature,
pH and NaCl mass concentration were tested by growth curve. The ability of IAA production was de-
termined by Salkowski chromogenic assay. Seeds of rice, Pinus yunnanensis and P. kesiya var. lang-
bianensis were soaked in different densities of fermentation broth, and the growth-promoting charac-
teristics were analysed by the germination rate of seeds and the effects of suspension on rice seedling
height, stem diameter, root number, and root length. [ Results ] Strain BSH-1 was identified as Ba-
cillus subtilis, and its growth was the largest at 35 °C, pH 7 and 10 g/L NaCl, and the TAA production
capacity reached 17.27 mg/L. It could promote plant growth by promoting plant height, stem diamet-
er, and root number of rice seedlings. The plant height and root number of rice seedlings were 9.0%
and 20.8% higher than those of the control, respectively. [ Conclusion ] B. subtilis BSH-1 can pro-
duce TAA and promote the growth of rice seedlings. It has potential application value in promoting
plant growth and development.

Keywords: plant growth promoting bacteria; Bacillus subtilis; isolation and identification; indole-3-
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FI AR L i R ) AN A 0 AS W RH ELAE
FHEFZMR , XA YA R 2 BB A 01 H AT
AT s AR, MY ERMEA A (plant
growth promoting bacteria, PGPB) T UL 17 I &
A T AR R A LY 38 (R PR) rh, slfiE 7e
. ZE L, SUEAHEASNNARE, S
Yyt sr B EOCR N A 44 . PGPB A LA
YR /DO Ra St RUIE SR2 5 /B2 e, ) SIEN R A R
REASIE L X TR R R KA
[ AL A AR K, Bl 5 R G
P 8 B ARV A B S AT %o AR B PR

Hh B ZE AT (Bacillus subtilis) J& 28 fLFF
J& (Bacillus) B 22 [CPHPE R, BA A FEPEIR
AUREPE, B TE I RIAE ) R T A AE IR
ZOE, Y E AR s Az EAN
AP B ARG R A e SR AR K RO TR T
KEATE, —LLPURA G RO TS Y Ak
A AR P S e rp U BIESERE . R Y RE P AR
WMEREYR, WEKER., FREXMARSAR
&, AMUEHAJAEKFTLTG, REXHA G 7
B v i A AR ) R A AR R PR AR T Ik 2
R (indole-3-acetic acid, IAA) J&—Fh T EHIHEY)
AR, XY A KR B R A #
BAEM . TAA PR S E R AR, AT
DA 3b 7 A A A K A I ) JB R S M AR
PFEAE P A= R R 2F AT T ol A A T 2 Tl
WAL, fer=E IAAMY, g Hx e

KAt EH R A R E X

H A BF B M (Toxicodendron succedaneum) %))
PRHAARBER . HAZY, HEMFL (Anacardi-
aceae) B J& (Toxicidedron) ¥ I AR, HARHEF
BRRFFSE P i . APRLR, AR AR A R
AL R, SR TR, RN AT SR
W, B O HAS B R N A T A AE S A
Mo ik, ABFFELL H ABF B T AR o 2
B 1 BREMCA AR, W HAME, SRR AR
MEGE AR 774 TAA WRE TR AE R, h)E
LS PR AR R LA R A W R IE i 2%
WA TR BT BT

1 RS

1.1 RAR

H A BP0 21 45 17 P RS A ji 0 e ST 2 80
BEFR B AR R SR AR . RS BR A LB [
TRIGFREE (% 10 g/L BREE IR . 5 /L BRI
10 g/L SEALEAFN 20 g/L 35h8), T 121 C mEK
P 20 min, FERCTHOEIE A
1.2 Rk
1.2.1 @R B A4ifh

TERBE TAEG OB 1 BRSSP0 H AR B
PIEHBE AR . 25 M4 I 1 g B TR iH
WFEE, INATCHEZK 10 mL, #8 30 min, % 10"~
107° BEEE VAT R, B0 B WU BV 0.1 mL
YA AT LB WA b, A 3k, HET



394 Py I )y N = 22

9538 %

28 C fHIRBEFA PG F7 24~48 ho R LK
ATV T, PRI R 25 0 40 TR B T U T8
LB [EAF R Zealifb™),
1.2.2 JESEEE

Z M CH VTR RS E T ) P TES
SEUOE . AP AN B T R b, Tt
B KB T2 0 IR A0 i TS KT K dG b 1
P, TERL 1 BN RSN R IR B 4G i 2 Y
W 1 min, JHICH K PEEG I, I n =2
IO [ € 1 min; FRUCHPESI ; A —MIZ2 18
N 95% L BTG, B2 TCE )5 TR KIG
s TINTEL YA G | min J5/KYE, B4R
T 240K HTF B W SIE S RHIE
1.2.3 7Y SE

FH Omega ZH SR AH ARG & (Omega Bio-
Tek 73 7)) 42 HUE Bk DNA, J1 1% Bl b e e vy
PRI A PR T, ITTHEAT 16S rRNA JE[H
FEHNYHE . T R fE Sk 27F: 5'-
AGAGTTTGATCCTGGCTCAG-3'Fl 1492R: 5'-
CTACGGCTACCTTGTTACGA-3"2%1, § 1 )7
R BARFR 25.0 uL , f24% Super Mix 12.5 pL,
L. RG4S 1.0 uL, BEARIER4] DNA 2.0 uL,
ddH,O 8.5 L. PCR J W 45140 . A4 94 C
3min, 7281 94 C30s, Ek 55°C30s, ZEff
72 °C 1 min, 30 NMEH, #EfH 72 °C 25 min, 4 C
PRAFE . BB =ik B AR TAY) TR PR Fl ik
TR, BTf8 73 1E NCBI 19 GenBank 235 /&
HEAT R R R 2 Hoe B F U MAFFT #1044
(version 7) #4741 LX), #R4HE ModelFinder ¥
PRI IR AR (TIM3+F+R2)227 il 1Q-
tree 1.6.7°%i i3 1000 K EEMERGE LT W (k
KSR o
1.2.4  BARA K 2R I

TRAFRI AN T LB AR ERZadifh, PR
HUREVETE LB AR IR F 37 °C. 200 r/min 32
WG WO S IR T 0.5 mL #0550 mL
LB WA= 5d, T 37 ¢, 200 r/min %% 5537
36 h, 2 h FIHS LT (TU-1901, E4T) I
B HAEPA 600 nm ZEMOGRE, LAOSGEE 4L
ARFR L ISPTA] AR AR R i A R 262
1.2.5 P 5E o AR AR K BO@E R . pH fE & NaCl
JR IR

£ 50 mL LB WA =B A 535 55 1 TR

# 0.5mL, T 200 r/min ZcF FHE 24 h, 5050
EWRE (15, 20, 25, 28, 30, 35, 37 fi140 ),
pHIE 3. 4. 5. 6. 7. 8. 9. 10 1 11) &% NaCl
W (0. 10, 20, 30, 40 F1 50 g/L) X 40
AR . AR A e Do . Aok
S6RE T E B 600 nm AL IR, ARG
FEEFIWHA R, BMllERE 3 )P,
1.2.6 B TAA BE SR E

K H1 Salkowski Lt 8,75 I 2 B R ™ TAA B fig
JIPU, AL B RRE T LB AR RS 57 I i ks
FIRI R EER, B 0.5 mL A0 T8 3 mmol/L 4,
ZRAY 50 mL LB i3k, 35 °C. 200 r/min #%
PRIESE 48 ho BUAEAR 1 mL T 4 °C. 10000 r/min
ZAF TR0 5 min, B 300 uL F 2 mL &
DA, A Salkowski 457 300 uL #6474
JW. LA 60 mg/L IAA FRIEFFE 300 uL A FH T
B DAANINEE ) LB 55373 B TEXT IR . =R
HEGHHE 30 min, WEREIEAAL . WO R A R
2mL F 10000 r/min.(>5 min, B FIEK 500 uL,
ERBUMA Salkowski a5, B T = iR EOEIR
BN OB 30 min, % ODsys {8, MR 4ARHE
AT RN AR B T A0 TAA i
1.2.7  BRAR R BRI ot b7 B K (1 5 1)

A3 A ORI KRS . = RS FLE 2
¥, T 25 C &M TFHILEKEFMEZ 24 h;
FLH 0.5% KMnO, XF FF2E 17 R mig &, T
K 0P 3~5 G 45 o #AE 35 °C . 200 r/min
ZF R RE SR 48 h 1 R B A JC R K L i 4 1.0
10° CFU/mL #Y &K (ODgy=0.8), -k Hii &
7 1.0x107 A1 1.0x10° CFU/mL MY EE W& M. 4>
I 50 mL EAREEWIREA T, DL S0 mL o
KZBHLANE 2 A XTHIR (CK)o 2 Fh 30 min J5 K Fb
TR B IR IR AR R I IR L, AL R 30
PR, WE 3ANEE, BRWSEAFEN, i2
SRR ERME S, VR T#8 VE R & 2R,
1.2.8 TRk BB it Xof 7K R 40 v 2B K AR S i

PRI 28 K 28 /K R P F-H2Fh 07 T B 3R 1L
o, BEMLAEFR 20 KifhF o FH L3R 3 FhEE (1.0%
10°, 1.0x107, 1.0x10° CFU/mL) (1) 5 B Wk Wit feh
T, DATCH KM RZS X IR (CK)o LI it
K 1mL, BMHEREIRELE. T (26£2) C
TEEFE, 7 d ISR AR M ATE
AL
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1.3 HURGHrbr
K Excel 2016, SPSS 25 #il Graphpad 8.2 3t
TG b bz,

2 HERESR

2.1 WHRIESZES

TE H AR BB 5 B AR b o s el AR5 2 1 bk
Frk, K H %5 BSH-1., $4 BBk BSH-1 3 Fh
T LB B4 b, HBHFESEREE, R
MEE EEN, BiONREL; fE AU T
FIEHE L R 2 Ra 6, HAEPRy

FEAPIR, AT DA 20 0 O AR R 22 TG B R T
(& 1),
2.2 Btk BSH-1 (1 TAEMS# %5

P 2 T . T bk BSH-1 FIAY 55 2F AT
(Bacillus subtilis) H#YVIN G RR, HEMEIE
B 2FRRAE M 25 SR DL T2 %) 168 tRNA JE [ (194> F
W20, W15 FE R BSH-1 & TG R 254
FFiE o
2.3 itk BSH-1 EK g o #r

Hi &l 3a A HL: 4P TR BSH-1 5, IR
3 0~2 h, AT EERAERK S MEUERY

e a) WFEARHE; b) 22 RGO XM BIIEE (100%) 4524
Note: a) colony characteristics; b) Gram staining and oil lens observation.

E1 HEtkBSH-1 XA FLEER

Fig. 1

97.4/98

97.1/99

Morphological identification results of strain BSH-1

BSH-1

83.6/88
Bacillus subtilis strain JCM 1465 (NR113265.1)
Bacillus tequilensis strain 10b (HQ223107.1)

Bacillus atrophaeus strain GLPB6 (HF545325.1)

100/100

96.7/97

90.6/91

Bacillus altitudinis strain 41KF2b (AJ831842.1)
Weizmannia coagulans DSM 1 = ATCC 7050 (NR115727.1)
78.9/81
Lederbergia lenta strain NCIMB 8773 (NR040792.1)
Bacillus infantis strain SMC 4352-1 (NR043267.1)
Bacillus cereus ATCC 14579 (NR074540.1)
83.6/82 )
Bacillus cereus strain CCM 2010 (DQ207729.2)

Bacillus thuringiensis strain BAB-Bt2 (AM293345.1)

[ Lactobacillus fermentum strain 1 (FJ462686.1)
100/100
— Lactobacillus helveticus strain IMAUS50040 (FJ749441.1)

2.0
W RELEBWHS T FS R GenBank B3R5 ; 43 TALKEUT IR BAELER I THEE,

Note: The sequence number in the bracket of the phylogenetic tree is the login number of GenBank; the numbers at the branches indicate support rate for the
clustering results.

B2 ETFE# BSH-116S rRNA EEFFINRGELBER
Fig. 2 Phylogenetic tree based on the 16S rRNA gene sequence of strain BSH-1
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0 6 12 18 24 30 36
A 1] /h

time

pH

b) 25 ¢

10 20 30 40
ELRZ/C
temperature

0 10 20 30 40 50
Prac/ (g L")

TE: a) BSH-1 fAEKIZL; b). o) F1d) 7350 . pH {EAT NaCl Bt BEX BSH-1 £ KA .
Note: a) growth curve of BSH-1; b), ¢) and d) are effects of temperature, pH value and NaCl mass concentration on the growth of BSH-1, respectively.
3 Ei#k BSH-1 B4 KHFE
Fig. 3 Growth characteristics of strain BSH-1

2~16h, ILARASREIAEH L, HpRi3EE] 11 h
B AR RO R R B K FRE M 16~28 h, 1A
B AR, 28 h B AR ODgyo 15 Bl K,
22785 28 h gk AT, TRIARECE TR,
AIUL, BBk BSH-1 (i 5552 H] 2 16~28 he
2.4 & FE. pH K NaCl i &K £ 5 B # BSH-1
A KR

i &l 3b W] 1. B #k BSH-1 7E 15~40 °C #1]
A, Hi, BARTE 15~35 C &0 F iR KR
Bl R B T I in R, 35 °C B AR K R B
K, 35 ClRAEKERBE. HE 3cnlH: X4
pHE/NF 58K TF 10 B, HERILPEAAERK; 4
pH {EFE 5~7 B, PEARA K HER B HMPL, pH(H
7R KRB EIR K, pH KT 7 0 HEHK
ARKHERE TGS HIE 3d WAl NaCl T
W R 10 g/L B, BERE BSH-1 A K i K.
AL, BERR BSH-1 A K EGERIE N 35 C, i
& pH {H A 7, & NaCl Bl 10 g/L.
2.5 BSH-177IAA it hiI%E

Salkowski LIRS HE BSH-1 BRI

A=A TAA; DIOG(E ODssys MR (v) . TAA
Jo R R B R AR bR () AR AE RN R (B 4), 15
FI LA 1] )5 72 y=0.0124x+0.1187, R*=0.9951,
M PEFRE 2 2 Rk BSH-1 72 TAA HIRES Al %0
FERE &R BT TAA B3R 17.27 mg/L.
2.6 BSH-1 KB PO b K (1 521

FE S I 51 P & I 2 /A DS 2 /N L
ANFEE B R BSH-1 KRR T , AR ZERA
FRMTREZES, UL REERIR AT 3 Fid )
P & 0 R R
2.7 BSH-1 Rt % 7K A8 4h g A= () 2 i

Hl&l s Al SXTIRAIAAEL, BHERERE BSH-1
KRR e K FE 40 Vi R v R AR B & 1, L
i 1.0x10° CFU/mL A& W A1 32 A FH A ik
., R 9.0% 1 20.8%; 4MWE 1.0x107 il
1.0x10° CFU/mL & BT, /KRG 25k A%t iR
2] SR W A VROV K R A A AR TE
HRm AT UL, W BSH-1 & RO KRGS
WA R R E R AROR, BXKREE AR R
HAEHTE IR .
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b) 1.5,
3=0.012 4x+0.118 7
R=0.995 1
1.0}
a
o)
0.5
0

0 20 40 60 80 100
Praa/(mg-L7™")

TE: a) Wbk BSH-1772E TAA RUEVESR, 1 K04, 2. BIVEXIR, 3. BV b) IAA FRrfEZE.
Note: a) qualitative results of IAA produced by strain BSH-1, 1. experimental group, 2. positive control, 3. negative control; b) IAA standard curve.
B4 EH IAA GEHREN
Fig. 4 Detection of IAA producing ability of strain

®1 TREE BSH-1 XERRTHRT 3 fihFia kB9 MT
Tab. 1 Effects of seed soaking with different densities of BSH-1 fermentation broth on the germination of three kinds of seeds

KA PN ISR

% % /(CFU-mL™) rice Pinus yunnanensis Pinus kesiya var. langbianensis

density &S V&5 R &) KR REFH

germination rate  germination potential ~ germination rate  germination potential ~ germination rate  germination potential

CK 0.93+0.03 a 0.92+0.01 a 0.83+0.06 a 0.43+0.06 a 0.86+0.11 a 0.7840.05 a
1.0x10° 0.97+0.06 a 0.96+0.05 a 0.84+0.05 a 0.47+0.12 a 0.92+0.05 a 0.59+0.10 a
1.0x10’ 0.98+0.04 a 0.97+0.03 a 0.83+0.03 a 0.44+0.05 a 0.96+0.05 a 0.53+0.15 a
1.0x10° 0.94+0.02 a 0.93+0.03 a 0.80+0.07 a 0.48+0.10 a 0.91£0.02 a 0.61£0.08 a

¥ CK. BWAKRIE: FFIARFNE FERRZEREE (P<0.05).

Note: CK. soaking in sterile water; different lowercase letters in the same colum indicate significant differences (P<0.05).

3 it

FE A N3t A7 e A TR, A GRS A
YERE . A ESE R AE Y A T S A A A7 2R
e, AR GEE AR SR ) A B
A= 7 [ BL2% % DE BARY T 1866 4F B I 42
W, Bl DS SN W Y RS Ik AR
Ak, M5 WA TR AR BB e s,
XA N M TR 2 — YRR R
FibES, EYEEBIROIR (IAA) A& HEM
PEHEAER] . AbE AT AR PGPR I 2 1)
—RNAR, HEAR™ 1AA GE 168 B (e bl
PAKER. CAPRAEHTEY . KR, Mt
FRE AR SEVE 4y 25 2 5AT 77 A TAA fig ) HXF
T HE A e SRR T A R 2 AT BR . R A
FEZE A 4 B S e AR B 1 AR A B ZEFRAT I B21,
HIAA P55 9.3 me/L, I HAEMSAEHE/ N 1
Ao XUBERR MK R 4 B 45 e A5 31 1 Bk 254
FIE B AT A48, HITAA 77 hEik#] 41.55 mg/L.,

X B X AR A R BT B ZE AT (B, ary-
abhattai) B20 #E 17774 TAA BHitl, e T
IAA =5, BT H AR BRI AL B B AR R o
A3 B B MG B ZE AT B BSH-1, H TAA =ik
17.27 mg/L, HXPKFEHIm . AR A
BEWMRIER- . T2 bk BSH-1 1461
L IR AR S GG S IR AR T A, T
TRAF A TAA WFeid 55 % TRk BSH-1 1Y
PRAEREE UG HH I R AR & T 2% B R
WAL, AR, BEE B RAREGR R, ol
PRIT BSH-1 5 H A {2 A4 R I PR RR TR & X
YA K A eSO T AT RE

B AT 1Rl A A TR A, HE )
B AR VE R R R AR 7S S5 3k P AR
YERT 43 AP HLR B T A FUR RS, thsh,
MR 2R B A B b M AR A e, B
W R AR . R R YRR
PR AE— BB I o E A FIbROl i & e
HERE B
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Fig. 5 Effect of spraying fermentation broth of strain BSH-1 on the growth of rice seedlings
4 2 whole-cell biosensor for detection of antibiotics target-
Zav

ZNTIETWINE RN S R R L A e
1 BRpEbR, JFA S Al B 2E A IR (B, subtil-
is)o EHRRTE 35 °C. pH{H N 7 LUK 10 g/L NaCl
U T ARKRIER. 2% H487E IAA 1Y6E
AR IR R L 2SR AR AR U K R ﬁ*a‘i
Koo WFFEAE TR R GAE P LR T e A1
AL T BB AKYE
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