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Screening, identification, and growth- promoting effects on tomato of

high-yield IAA-producing Bacillus
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ences, Beijing 100081, China)

Abstract: To screen Bacillus strain with high Indole-3-acetic acid(IAA)production from the rhizosphere of sweet cherries,
clarify their growth-promoting characteristics such as siderophore secretion, phosphate solubilization, potassium solubiliza-
tion, and nitrogen fixation as well as their growth-promoting effects, so as to provide a basis for the subsequent develop-
ment of microbial fertilizers for sweet cherry. Spectrophotometry was used to determine the IAA production of plant rhizo-
sphere growth-promoting bacteria(PGPR). Strain identification was conducted through morphological and 16S rRNA se-
quence analysis. Qualitative detection was performed on the growth-promoting characteristics of the strains including phos-
phate solubilization, potassium solubilization, and nitrogen fixation. Through the germination experiment of the model
plant, tomato, the growth-promoting effect of strains on plants was verified. The results showed that four high IAA-produc-
ing Bacillus strains were screened out, with IAA production ranging from 14.79 to 20.71 mg- L. They were identified as
Bacillus velezensis (A81), Bacillus pacificus (E2), Bacillus zanthoxyli(S151), and Bacillus albus (R42), respectively. The
growth diameter of all strains ranged from 0.61 to 0.77 cm, and all had the abilities of acid production, siderophore secre-
tion, organic phosphate solubilization, potassium solubilization, and nitrogen fixation. All strains had significant
growth-promoting effects on tomato seedlings, with the growth-promoting effects in the order of R42>S151>A81>E2.
Compared with the control(CK), R42 and S151 significantly increased the plant height by 26.39% and 20.00%, respective-
ly, while their root length significantly increased by 17.51% and 16.61%, respectively. In conclusion, the rhizosphere of
sweet cherry harbors multifunctional growth-promoting Bacillus with high IAA production, and the results of this study
provide important bacterial resources for the development and application of functional microbial fertilizers.
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& w, J5lR)D N 3276.13 mg-kg'.

EKZE AT B (Bacillus megaterium, JD1) : W 3%
TImARYMAEDREARAA, RBS N
FSCC11502232(AS1.217).

F AR R, ST RETER I+
PR A R A A
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TSB ¥, 7£ 28 °C 200 r- min" & T &K 15 9%
48 h, 6500 r - min" ' & L 10 min, B L iE W 5
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S151 W= & B3 & T HALE . ID1 AE KF#H
R TEBE IR A R4 B3z R, BRI D it
MR SHRFRATE 48 h WIEFEHE N 0.61~
0.77 cm, K X A ID1<A81<<S151<R42<<E2 ( |&
2), WPk E2.R42.S151 MAKETLRZEER,(HY
23 = T WMk AS1 F1ID1.
2.2 EWMREMER 16S rRNA EEFFIAMUMS
RGEENH

H I B R I 3R BURFIE AP AE 22 7 (R 1D, BT VK
PR, S SR TR AIE 22 S 80K, TR 9 (81 % B0AS R
GBS BRI L 37 B FE AN E B BB B . 18
i 3 R 5 347 Nucleotide BLAST HL XAl R 48 &
Bt (I 3, B Bk A81 5 Bacillus velezensis
strain CR-502 (GenBank % 3% *5: 0Q876683.1) [f] J
PE N 100% , % 7€ A DL SE W 2F 1 #F B (Bacillus
velezensis) ; Y E2 Y5 Bacillus pacificus strain
MCCC 1A06182 (GenBank % 3% 5: KJ812450.2) [
UEAE N 99.93% , % 5E 9 KV ZF LT B (Bacillus
pacificus) ; W ¥k S151 5 Bacillus zanthoxyli strain
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E
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z d
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[l e
Strain No.
W ANFEV NG FRERIRTE 0.05 KFEREE. N,
Note: Different small letters indicate significant difference at 0.05

level. The same below.

1 TEERE IAA =8
Fig. 1 IAA production of different strains
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Fig. 2 Colony diameter of 48 h of different strains

1433 (GenBank & 3% 5: 0Q876680.1) [ ¥ ¥ K
99.38% , % 5& NAEMU fF 17 (Bacillus zanthoxyli) ;
¥k R42 5 Bacillus albus strain N35-10-2 (Gen-
Bank &3¢ 5: 0Q876685.1) [F] VRt N 99.86% , % &
N A AT (Bacillus albus) o
2.3 FIAARPRMEEAEEHABRESM

3 2 AT A1, 5 MR AT 35 BA @ A L
o < [ %0 RE 77, AN ID1 B A B ML RE 77 5 o
AS81.JD1.S151 ¥ A HUBSEFf# 41 fg 71 805, D/d 1E
0.4~0.6 Z 8], T3 WAHRIA =R AE T, Hord ASL.
JD1.R42.E2 W= IR fie 7138 .2 & T #i bk S151 %
Xt pH 4334 6.62.6.62.6.63.6.69,

5 R ZF O B S AT R R B R (A 4D, BRI
PE AL AE 23.23% ~52.57% 2 1] , MK Ik N R42<
JDI<S151<E2<<A81. HH, itk A81 BREkiAi/rilae
TR m T HANEE R, #vk R42 5 ID1 LR EZE R
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A BEHF T H R #384%
R1 EHRRENFE
Table 1 Colony morphologies of strains
L JEAR it PUE < K B
Strain Shape Color Edge Surface Transparency
A8l ANHE wEE ANHE ARG, FR o1 NEH
Irregular Light yellow Irregular Folded, partially smooth Opaque
E2 U7 SREN i R ANz
Round White Neat Smooth Opaque
JD1 1A wEE RS BE S THIRA F8 4% ANEH]
Round Light yellow Raised, neat Slightly folded Opaque
R42 A AHG B PR NEY]
Round Milky white Neat Smooth and moist Opaque
S151 A ENERE 5% T 43
Round Milky white Neat Smooth Translucent
NR 175555.1 Bacillus sanguinis strain BML-BC004 % 2 %**#%ll‘i
MNO029053.2 Bacillus dicomae strain MHSD28 Table 2 Strain characteristics
» NR 157735.1 Bacillus proteolyticus strain MCCC 1A00365
MG601116.1 Bacillus fungorum ﬁ*ﬂ%{ﬁﬁi %ﬁl‘ﬁ%{ﬁfﬁ@ lﬁ]’f\jai&
v e 2 e
S0 NIN396730.1 Bacillus thuringiensis strain ATCC 10792 . e g Nitrogen fiE B
ERe Organic Inorganic . Potassium
NR 157729.1 Bacillus albus strain MCCC 1A02146 . pH fixing .
Strain phosphorus  phosphorus solubilit solubility
; acis strai ul
5726 AF290553.1 Bacillus anthracis strain Vollum SOllelllty solublhty ndex y index
36|[KI812450.2 Bacillus pacificus strain MCCC 1A06182 index index
52)'E2
100 CK  8.05+0.02a
{R“Z A8l 6.62£0.03¢c +++ + ++
97'0Q876685.1 Bacillus albus strain N35-10-2 E2 6.6940.03 ¢ i+ ++ i
4 KY628813.1 Bacillus cereus strain CCM 2010 D1 6.6240.03 ¢ +4+ 4 4 -
90|MK462260.1 Bacillus cabrialesii strain TE3 R42  6.63£0.04c + T +
OR740574.1 Bacillus rugosus strain SPB7
S151 6.80+0.12b  +++ ++ ++
22[A81
100{0Q876683.1 Bacillus velezensis strain CR-502 E : ﬁﬁﬂm EJ/J\:':J'?%%/T\K EQIE IHJ%%EK% (P<0.05), T
0Q876678.1 Bacillus tequilensis strain KCTC 13622 IEJ o ﬁéﬁﬁ ~ %%EF ~ /)A?i‘"ﬁ:ﬁl: *Eﬁ( st T& D/d Eg Lt 157@ [E (0.0~1.0),
55 |MHI145363.1 Bacillus subrilis strain JCM 1465 PL 0.2 Jy—alkE, BR8N 0.2 B3hn 1 4N+,
34INR 181952.1 Bacillus stercoris strain DTXPN Note: Different small letters in the same column indicate signifi-
MK424276.1 Priestia megaterium strain NBRC 15308 (T) cant difference between different treatments (P<0.05). The same be-
‘MK182805-1 Bacillus aryabhattai BSW22 low. Characteristic index for phosphorus solubilization, potassium sol-
0
69//S151 ubilization, and nitrogen fixation: “+” is assigned based on the range
68
lKJ569039‘1 Bacillus flexus strain IFO15715 of D/d ratio (0.0-1.0), with an interval of 0.2. One "+" is added for ev-
95“0Q87668041 Bacillus zanthoxyli strain 1433 ery 0.2 increase in the ratio.
SUNITS16450.1 Bacillus acanthi strain L28 N
_ AR . o R42.S151 AR AR 1 3 it b
kaliphihun st NORC 105336
alcaliphilum ) W - B £ =t e =
EER e A R R B MR L CK 2 ) B R
0.050 26.39%+20.00%18.33% , i #& S151 A1 A81 JC & 3%

3 Efk A81.E2.S151 71 R42 & F 168 rRNA EFEF
FIMBENRGLEWN
Fig. 3 Phylogenetic tree constructed based on 16S rRNA
gene sequences of strains A81, E2, S151 and R42

24 IRFRFAFRENEFMRMFLZFHMN

FHE 3 A 5 AT, 5 AT AR Ak 3 35 Al 40 1
PR R AN T 34T T S CK AR B
55 (R ID1 B30 8 R BN R

174

Z 5% HI R ZFET R42. R42.S151.A81 s
iR ELREER,  RCK R ERS
35.63%+35.46%+32.21%; R42 Bk 13 _E 365 T i
B E W T HEk S151 Al A81, =1 CK /35 & 2
#2151 493.33%-336.67%-306.67%.

BEM B R R42.S151.JD1 X 3% i (3t R # 01ie
AR BF MK S CK MBS B ERET
17.51%+16.61% 11.91% ; Ho F & i A1 T i &2 5
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124 BRI TAA SETRT I A0 0% S 5 T HOR 7 A R R
o CK FH L 2 3 & 3 $2 & 1 319.26% - 313.46% -
2 206.50%F11 355.56%+305.56%238.89%. Ll F%¥#&
s . ), Wbk RA2 N S151 X 36 39 10 2 AR A
%5 401 T AP L B B IDIL
= o c
B 5 30 f d _ .
£8 d 3 W54t
N PGPR 7 2 4 2/ J7 i R 4 4 B EAE ] L IAA
. L L L L e R e R U R PGPR 1) B R
A81 E2 D1 R42 S5 AL, 9 0 e A T R N IR AR im0

B Pkgm 5 Strain No.
4 BT EERN
Fig. 4 The quantitative test of siderophore produced
by strains

IAA VENAEKE TEE S 1 N Re B3 (R k) A
Koo WFFRI, MR BRI RE 7 U TAA (1T
P 80%7, HLAAEY) 7 WA TAA BENAEYI TR
R P AR, 2 AT BR VR R AR AR 7 95 1A

*3 IRFEAENERLEE KK
Table 3 Effects of PGPB on the growth of tomato seedlings

i Jii 5 Fresh mass/g

FJfi i Dry mass/g

Wk R (S

HuNE

Strain  Plant height/cm

Root length/cm

Hb b

Aboveground parts

MR R
Underground parts

H b H5>
Aboveground parts

Underground parts

CK 3.60+£0.19 ¢ 5.54+0.50 d 0.172 6+0.0539 b
A81 4.26+0.21 b 5.81+£0.24 ¢ 0.228 2+0.003 5 a
E2 4.01+0.16 ¢ 5.93+£0.32 ¢ 0.216 4+0.000 5 a
JD1 3.88+0.13d 6.20+0.37b 0.204 9+0.014 0 ab
R42 4.55+0.18 a 6.51£0.33 a 0.234 1+0.007 6 a
S151  4.32+0.18 b 6.46+0.31 ab 0.233 8+£0.0173 a

0.043 1+0.000 9 d
0.072 0+0.002 1 ¢
0.073 6+0.000 9 ¢
0.132 1+0.000 7 b
0.180 7+0.000 9 a
0.178 2+0.000 9 ab

0.003 0+0.000 3 d
0.0122+0.0033 b
0.010 3+0.001 5 be
0.008 7+0.000 5 ¢
0.017 8+0.000 9 a
0.013 1+0.002 6 b

0.001 8+0.000 3 e
0.004 0+0.000 3 d
0.004 1+0.000 4 d
0.006 1+0.000 6 ¢
0.008 2+0.000 3 a
0.007 3+0.000 6 b

CK ID1 E2

B F0 I AE S BR AR 7= H T2 R, P I R
PR AR s A1 A2 28 AT B8 W A 28 f AT B8 (Bacillus
cereus) 1 [ 2F f AT B (Bacillus aryabhattai) < &5 55
B LM # (Bacillus drentensis) A1 EL K ZF Jil A 1
(Bacillus megaterium) %", 23 H KPEHEAR Fx
i 346 H B R AR T 83% #0477 TAA BE T, HLh 4k
AwETE IAA BIAR B A2 A T L TAA 77 & 14.79~
20.71 mg-L", KN E2> S151> R42> A81, % 5E

A81 S151 R42

5 RERAEXEALNEE KR
Fig. 5 Effects of PGPR on the growth of tomato seedlings

53 990 9 D13 0 2F f AT B (Bacillus velezensis) « K-
VEZF M B (Bacillus pacificus) ~AE U A B (Ba-
cillus zanthoxyli) « 2 {0 B (Bacillus albus) , iX %6
oF AT W R AR B A 2R TE B AR T A K
IR, 351 R AR S T IR KA R R B 23 v 5 A )
FIEE” TAA Be I B . AR EY D G
LS R PR BRAR B P TAA U 34T T ik , 45 Rk
B, 28 AT B R (Bacilus) N BB B IE , 5 A0 A
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X ISR 5T th

R % %384

485 AR o

EE NI IR 1 4 PROCHEBRAR B 51 77 TAA 2F
FAFEE & ID1 FIR A RCR B TR 7T, F- 0T 3 TAA 43
WARETEAT I o e HAE A A A, A S S AR G
T 78 F B AR A R 5 28 2 @ ik 78 i 12 PR B8 4 25 4G DU
HIBER IR AEIER . 255380, 5 MR IR I
T AR A SR R R TR R
T35 B, X PP Ik 29 BR TAA PR RN 0.15~
26.87 mg- L' 1] PGPR, X} #5 4£ H A — & g A= 1
ML IAA PR S AT R AL . BFERT LK
L4EF 5 ¥k PGPR J& , T AR R A8 22 R IROK, B
PR TAA P2 R4, X — IR T A 5 PGPR X AR
FA I (1) 5200 AN [ A P, AR R () IR AR FH 2 ) B
R AR 0, [, PGPR fEEANRE
me] £ 22 0 o AR R 2R K IR RO, b i 2 A o o
A81 FIl B2 X A ik R % ID1 (A= 1EH 55, X 7T R
L& ixt PGPR 16 5 22 S 1k BORL A P 28 OG0
AT, B AR S151 A R42 X6 3 i B 44 i (2 2
R ET, 7] B 5 1% PGPR AE K E A IAA =B
SRR B R E <. BT IAA PPAE 5 ANH PG-
PR ()2 A2 K3 P 52 TEAH OGP, A B #& S151 A R42
FERFIARLOR KR T R AR A IS M . T Rh 1 R 2
TG, R R R IR U A7 P AR R [ S50 B AT
BRAFEANEY T BEFH L ER G -
IEAE  TAA 7KF5 [ ZURE 70 5 R A O, ] 260 2
72 AR R AR SRR R R 454, T 4 = i )
WL TR A3 R oy IR REAR RE J10% . AHETE TAA 7=
BURHI B K D1 AEFh -1 R 2 156 Hh e 2 7t b T 48
o BA— MRS, TR S TAA BRI
A, PR RS TAA IR 75 SR B N U, 4B o
W) TAA FE AR FE R 2 il VR P 4] A AR () i
Kl o n] B SR N TR TAA KT 5%, X0
O B AR TAA S SO ) A K
B RHE T A [F B AR IR A U S TAA 73
RETHEFFAS— 0, WIS TAA 4h, i Z RN R &
SN RE AR, X 5 v AR I T Al SR AR A

PGPR i 3t #iE P A= A 1 RT3 2 B Rl o e il 11
F I PR , PGPR 15 552 H TAA 72 2 HIR R4
W) AR R IER SR E S AESEY SIEE
TR 2R B 200, 3X AT BB 1 A F0 50 oAb BE
TR R A BCRAFAE 2 TR, B 22 Fhah A
FIL [ R AR B 1 55 4 Re D Ik #E . AL, PGPR
R 7 B 17 100 A AR 280 (1) WA 75 33— AP BGHIE

g LRTIR , FEE THIE 4 BRARBR ZE AR AT I s
- 176 -

77 IAA AT, 77 TAA fE J K IR 2 E2>S151>

R42>A81, £ K Bk Ik /2 E2>R42>S151>A81,

BRAAR 5 WA R I ABT>E2>S151>R42; fif

A R R VA A HUBE PR [ R BE . BT

A RN 2 80 403 P 0 2 A R ) X 2 v TR R O

W B Pk S151 (Bacillus zanthoxyli) 1 R42 (Bacillus

albus) FGEERCRIL T 2£ 7 L H B PR JID1. Bt

FARAON & WA SHRIE AL 7 BRI RAI R}

AR , T ELO A= el R AR R A Ao B

S Ek
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