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Isolation, identification, and functional characterization of plant
growth-promoting rhizobacteria capable of producing indole acetic
acid from cherry rhizosphere

TAO Ze, TONG Zhaoqing, QIN Sijun”

Horticultural College, Shenyang Agricultural University, Key Laboratory of Fruit Quality Development and
Regulation of Liaoning Province, Shenyang 110866, Liaoning, China

Abstract: [Objective] This study isolated the dominant indole-3-acetic acid (IAA)-producing
bacteria from the rhizosphere soil of Prunus sachalinensis, determined their plant
growth-promoting properties, and clarified the growth-promoting effect by inoculation to the
seedlings of the common rootstock Gisela 6, aiming to provide theoretical reference and
practical approaches for exploring the biological potential of cherry, establish a benign
root-microbial interaction relationship, and solve weak root development. [Methods] We used
the beef extract peptone medium to isolate bacteria from the rhizosphere soil and selected
various specific media to screen the bacteria and determine the IAA-producing, nitrogen-fixing,
phosphorus-solubilizing, potassium-solubilizing, and chemotactic abilities of the bacteria.
Then, we constructed a phylogenetic tree based on 16S rRNA gene sequences to identify the
bacteria. Finally, potted cherry plants were used to explore the plant growth-promoting effects
of the strains. [Results] Five IAA-producing strains were screened from the rhizosphere soil of
P. sachalinensis, among which strain D46 had the highest IAA yield (53.10 mg/L). D5 was
identified as Priestia sp. D27 and D46 were identified as Enterobacter sp. D43 and D79 were
identified as Bacillus sp. All the five strains had the ability to fix nitrogen. D27, D46, and D79
had the ability to solubilize phosphorus, and D5 and D43 had the ability to solubilize
potassium. Strains D27, D46, and D79 showed strong integrative chemotaxis to sugars, organic
acids, and amino acids. Pot experiments showed that the inoculation of strains D27, D43, D46,
and D79 significantly increased the root activity. After the inoculation of strain D27, the total
root respiration rate increased by 51.40% compared with that in the control group (CK), and the
root respiration rates of glycolysis (EMP), tricarboxylic acid cycle (TCA), and pentose
phosphate pathway (PPP) also significantly increased. Strain D27 significantly improved the
root architecture of cherry seedlings. After inoculation of strain D5, the net photosynthetic rate
of leaves significantly increased by 58.82% compared with that in CK, and the inoculation of
strain D27 demonstrated the best performance in improving the water use efficiency of leaves.
Strains D27, D46, and D79 significantly increased the plant biomass. [Conclusion] There were
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IAA-producing bacteria in the rhizosphere of cherry, and the five IAA-producing strains
isolated had other plant growth-promoting properties. Strains D27, D46, and D79 demonstrated

comprehensive plant growth-promoting effects on cherry seedlings. In the future, we can
explore the spectra of plants with growth promoted by the strains and the environmental

tolerance of the strains, providing a theoretical basis for mining and enriching the strain
resources of plant growth-promoting rhizobacteria.
Keywords: cherry; indole-3-acetic acid; plant growth-promoting rhizobacteria; strain selection

FEBE(Prunus avium)H LA EFRMAEEE |
SV ME R SRR Z T K e,
AR AE v [ A AR B T AR R . K24
Mol A AR 22 25 BEAIR 4041 BRI 1 S8 R B AR 4k,
R AR AT R I T R IR AR R R B
R TSR ARk FE AR H it 45 2RI
R BRI, AR T e R A,
XIPERRAR 2R B A2 1 B R SR S ) o AR 7
W 2 AR R A Y ) R Sl iR,
FORFEM AL, RIIL, anfof Bl =R il R R T
455553 114 1) i S kg TEAE A 7 Ml A5 A B R R 1
B3R

5| k-3- 2,12 (indole-3-acetic acid, TAA)EAH
PR ) — P B B E , XA R AR R S AR AR
A AR E . BEg R B, AR
IAA 5 Z5 21 (1-naphthaleneacetic acid, NAA)HA]
PAVATE AR RA R RN RE, SR 17, M T TAA 76 H
SRR T I A HAE BB 4 I A, FF A
5 A A W Tl ok i A MR AR R AR KX —
[A] @, A AR PR 4= 7 (plant growth promoting
rhizobacteria, PGPR)AE Ay A i TEAH Y0 AR P 11 £5
Aty , Hag I s g F b R T,
DAl - e MR A I o W R
a A hiA ZE LR i K R B,
Pk, #RERSTRHESI ™ TAA MIMRPRIEAE, N
AR | a0, 5 2205 1Y AR BER AR DR R 1 A=
KPR, 58 &, PGPR S YE R IAA
I A R SC R, PGPR J1 K TAA

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

FEARHR BN SRR DR A AR A K A 28
T E R S RO AR RIS E MR AT i, S8 i R 4
AN FIC R MY, Flan, 8= 1AA
(R B ZE AR TR y1923 1 hs032 LA F R HE Hip
FRIGHE hy127 J5, ff £ORAOIRE | M. TEM
MR E A B R A A, BT AB & TE
& OKRE., W, EREZMEY BRI T ™
IAA 1) PGPR XA AEAE Y B,
IAA ) PGPR @5 3 24 P 1L AT R
(Bacillus) . %+ #i & (Enterobacter ) A5 ¥ il 1 J&
(Pseudomonas)s: & Ui 74 J& Fh 7,

ASBIFZE I [ D A SRy il A B AR B
PEARPR L 1A By ifiie . S T 28 TAA T4
W, ME T HAE A (plant growth promoting, PGP)
FRPE, A Je 2R R R i R X A A
BALRH AT ZE0L 6 ‘S AR AERCR . LUHIRS
FRYSTE™ TAA MR R AE KR & 1A
FEHLH, ShEE PGPR WA RIS S,

1 HE5xZ

1.1 HiEFNERE

AHESE il AR B LI RE AR |
1748 U BE T Ok B AR R 2 AR A LU AR S b PR A
[ (41°49'31"N, 123°34'0"E, 2006 4F#[#H)H )
A AR . 2022 4F 6 F, BEHL 3 #RA, 7EHJH
FEHZ 0242 50 em, I8 30 cm, 45°09 Fi T RAEDT,
SR AL AR 2R 0 A 1 O o EIORTE 15 em L)
THBAIM, KRB AR PR 58 . 2kt



Pl 45 | TUEM2EAR, 2025, 65(1)

125

BG40 T R AR 35 BF R B A R T €
Fi 65,
1.2 HiEFE R

25 N B 25 1 I (beef extract peptone medium,
BPM) #5557 56 FH T AR PR 4 1 1) 43 18 Al Ak B 57 Je A=
K<k pomiet™; i BPM R FE3ENm L
SR 100 mg/L)F! Salkowski 4 (50 mL 35%
HC1O4+1 mL 0.5 mol/L FeCly)%F 2k J5 i i b itk
1177 TAA WE M AU s 2548 | Far,
95% AR T8 > FR e TR . AL
PR A FEFR 1) 10% BPM - [ A8 75 58 F -0

VR TLEE 1M i Ashby TR FRILA
T B R 51 086 112, R nitrogenase ELISA

FHIFH & bR AR Jb ) RHE & B A FRA
D TR R [ RS M 5 A0 AL Cas(POy), B
A ONWENR I PKO 3537 BRI TR AR Vs A JCH Lk
A MBS RE S P (A RERR RS FR (T B
ARy 1 /Ly 5E B AR Y A 0 B 22
1.3 EHRERE JA A BB D BEE
1.3.1 EHHSBERAWL

FRES g - BEFE 5l B T2 45 mL KK
100 mL =i, 37 °C., 180 r/min 1535 20 min,
SRIGERE 10 min. ff HIERBIZFRMERBEE
10°-10"% J5, %®Ai T BPM [E{AR; I, T
37 °CIE A P15 9% 24-48 h, PRBUARIE S 0TE
AT RAR AL R 37 AL 5 I /R T 4 °CUKA
R . TR BRI AT 3 R, R
WHE3KEKL,
1.3.2 7 IAA EHBIEMREENE

WAL S A0 T BPM ARG FR 5L (7R
L-{0 %52 100 mg/L)}%9% 24 h 5, HU 50 uL M9
W5 50 L Salkowski 7T (g Bt |, ke
JEHHE 30 min $E1 TR AN, LUKR A BPM )
PREE FRIE R AT BR . 2T €0 BE, IF BH 1 Bk
TAA FIRE T .

PUKTA) BPM 3555025 FIXT R, TAA R
YWERE S e BE RS AR AR, ODsso {49\ A8 HR 22 il
IAA PRifEiZe . B 0mak b B R B 57 12
24 .36 f1 48 h Ji7 , B 5 mL HEW T 10 000 r/min
B0 10 min, M 3 mL B, AL AR
Salkowski A5, REOEHEE 30 min, I H
ODs3o ., it IAA fRifE 215 TAA 75,
1.3.3 P IAA EHREASHER PGP £ %N E

FeRRUR R L WY Y i YA
BoR i iR T R

2 mL iEfEE T 2 mL B0,
1T 4°C. 8000 r/min 2.0 5 min £/ G,
SRIG PR 2 R R R AR 3 IR R BRER A5
FEHe, FPEAT B E ODgoo=1.0 £ . B 8 uL
PRIV 43 I A 3 Rl ik G Rk rh e | SR 57K
FHE T 37 CCIEIRKTIRAE 5 5% 24 ho iR
Jei R R R 5 AN ] T R R AN [ e Ak 4% 7 i
skl AR, DA 5 AR AN [R] 4 o )
itk g

BUE AL 5 W B RE (8 FHEE RN IR ZE. Ashby TEA
FIARE SR PRI, T 37 cCREFRAf P EE SR 4 d,
WEETRTE Ashby [EI{ASEFREE FREGARK ., &
PERETE Ashby TUARRFFRIE A K AT MR A
R PE R G AR W AR JL ) BHE R
B2 E) T T AR ] 2l 0 2

B 2.5 pL {6 Ak J5 19 B 0 inF PKO [ {4 55
FRHE L, T 37 CE AR SR 4-5 d, WA
PRZ AR 77 AR I I o 7 A 3 WD 1 i 1l P U
B E A e 07, R R B L e b AT
SE R

WEH 2.5 pL 3 AR5 08 TR B0 I T Ak R [
RREFRILH, F 28 °CREFRFA P HE IR 3 d, AR
R S LA 75 7 A A R S o 7 A A P 6
I EA AR )1, R RA 6% H.0, Il T
WK HIEAEZE R 1h, 4°C. 13 000 r/min &5.0

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



126

TAO Ze et al. | Acta Microbiologica Snica, 2025, 65(1)

5 min (Y VERCEIEW, KA S 6O EE T
E KWRIE
1.3.4 FFIAAHEFKET 16S rRNA EE FFINE

KFH 40 16S rRNA L [F# H51 4 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") Fll 1492R
(5'-GGTTACCTTGTTACGACTT-3") % i% & T #k
PEATAIE PCR B4, PCR WK ZR (50 pL):
2xSanTagq PCR Master Mix (% 44k 25 uL,
F LR I(10 pmol/L)4S- 2 pL, DNA ifz 4 pL,
ddH,0 17 uLo PCR S 4514: 94 °CHIAEM: 5 min;
94 °CAE 1 30 5,55 °CiR K 30 s, 72 °CLEAH 1 min,
35 MG ; 72 °CCLAEH 10 min, PCR F=4# i/
TAEY) TARECE ) A A BR S w47 40
SR A1 NCBT ¥ e o i 4 B 510 7
[ U8 L X8, 5 f# A neighbor-joining 7 )
Fi MEGA X B R R G R B .

1.4 7= JAA EREVERIEE R I
141 RIEFIT

W BREHEFI T 50 mL BPM AR 3 3 rh 45
FE BRI, 4°C, 10 000 t/min Z5.0> 10 min,
7 13t R RK A B W2k 10) CFU/ML
(ODgoo=0.8)J5 % JH .

T I6 T A N UL PH AR R 2= R AR
Feph 3 el 1 S vb 2:1 IR ECE 7 A VLR | B8R
R AR E R 1742 gk,
127.33 mg/kg . 34.68 mg/kg F1 51.88 mg/kg). iR
56 Mb T 2023 455 A 20 H R (AIETEIZ 10 cm),
IR B (CKOEMRAERD 50 mL JCRIK, 125
N 5 A, 4ralHEER D5, D27, D43, D46 Fi
D79 FARRAY B 50 mL . AR AL P <7 &
525 W R LAHEM R Iy X T8 fp, &S5 d
PRl 1, JLBERD 6 Yk HeFh 30 d SR IRIETT
IURE, e AEARAR R G T AR AR R | iR
TR 66 SO AR W) i S FR bR DAL AN [R] T ik
X R PR AR A AR o

P4 actamicro@im.ac.cn, 7 010-64807516

1.42 HEKRZRFHME

PRI 0.5 g MRARERE, A BTRARE ML
0.4%H) AL = FREE DU ZME 5 mL A1 pH 7.0 AR
R 5 mL, 37 °CHi 3% 4 h, SRJE A 1 mol/L
) HaSO4 ¥ 2 mL 2812 o BURAR RIE TS
BmEGRAS, A 95%H) LBEFE 10 mL 3 K iR
&, TFRBUELLEME ODass (Ko
1.4.3 TEFRIRAFBIERNE

PRI 0.005 g AN IAHE AR, 1 HTVRAH A
1% (Hansatech 23 W] )02 M 58 SRR | A 1M
& 12 (glycolysis, EMP) . = & & 1 ¥ i& 18
(tricarboxylic acid cycle, TCA) M JVARBEIR R 1%
(pentose phosphate pathway, PPP)F I ik 24
1.4.4 TEHRRAEMENE

il R A3 X (Epson 22 FFIIRIR &
P45 R Fl WinRHIZO Pro 2016 3 Ak (2t
PRI RIS | RIEH | KR
REE.
1.4.5 1EMKM RAXESSENE

il GG AL (LI-COR 2Awl), BEMLPkLE
g 5 A EARTE A A R A A
& (net photosynthetic rate, Pn) . Z¥ f& i X%
(transpiration rate, Tr), “<fL /& (stomatal conductance,
Gs). I [a] — %A AL Bk ik ¥ (intercellular carbon
dioxide concentration, Ci)Ff 11551 F A8 7K 43 %] FH
%I%(water use efficiency, WUE),
1.4.6 HEKEHNENE

FH A RORTEAR - U3 5310 5 40 v 1) ok i A
ZERL R ARAR 2R B8 S5 BT I 0 S R i A R
ERAIAREE T, RIS R TR 85 °C
AT 30 min, Ff 70 °CHLT 48 h BiHHE, BHF
SRR
1.5 HiEAE

IR ] SPSS 26.0 #4434, EIER
FH Origin 2021 #fF2H . THEEE DA E+



FPE 2% | RPN, 2025, 65(1)

127

PREZME R R, RABKNE FE0H0
(ANOVA) Al i B8 I A5 504 10 22 S ik, Bk
KB R P<0.05,

2 BER54

2.1 LR IA A EMO BEEER
2.1.1 = IAA MR R EEEEFR

A58 AR AL L AR AR B £ 398 o 3y i 4 Ak
T 76 #ROLHANE, b 5 8k LU AR TAA,
HE A mE 1A PR JAA EEZERE 1B
fiis, HAPERE D27 A1 D46 7= 1AA RE S Heoi,
435124 51.50 mg/L 1 53.10 mg/L, H IAA P&
2 R T A 3 RRAN TR
2.1.2 7= IAA BRI EARSHER PGP 451
HZR

WK 2 fias, 5857 IAA EtkH D5 Fl D79
KL FCPATER, D27, D43 1 D46 A # 2% G FH
PEGE . AN1E 3 B, 45 RGN [R5 i A vk 2
SRR, H D79 xR Bk, D27 X

1 FRACWAZR R E B 7= 1AA 151

Figure 1

BHLRR iR, D46 X & LR 11k
ik, B EARAAE T 27.78. 25.58
22.39 mm,

25 DRUR 1L L I Wi RN A0 BB T R DB n
1R, 5B TAA BRFRYIEETE Ashby oA
BigRdk bAK, Hdb D46 i [ &S MmN
33.59 IU/L, D27. D46 1 D79 Kk AT LLE PKO
B3Rk FIE A wEREL, D27 Al D46 RYVARERE
iR, 5 d RBERICHLEE S 4058 50.67 mg/L
15095 mg/L, A HUBE & 5314 2.54 mg/L Fl
2.50 mg/L; D5 il D43 A LIFERERRER KT FREE FIEAY,
fiEs el 2 d AR K8 55000 2.73 mg/L
F12.49 mg/L.

213 FIAAEMKMERETE

B 5 RS TAA BRREY 16S rRNA FEH 541 |
4% GenBank BHEERIGE RS, RIGHELLE
BEE T REREWE 4). sHTEH, Witk
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(MF581445. ) ES L R it , 16S rRNA [

B

60 D5 —e- D27 4 D43 —+ D46 + D79

Aa
sol Aa
Aa

35 40 Ab] Bb
? i |
£ Bc
? A Bc
=
< 20t

12 24 36 48
Time of bacterial culture (h)

Condition of TAA production by rhizosphere bacteria of Prunus sachalinensis. A: The color

development of bacterial suspension with Salkowski reagent. The darker the red color, the higher the IAA yield.
B: TAA yield of each strain. The figure shows the IAA yield of different strains under different culture times.
Capital letters indicate the difference of IAA yield in different strains for the same culture time; Lowercase
letters indicate the difference in IAA yield of the same strain for different culture times (P<0.05).
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Figure 2 Gram staining of IAA-producing bacteria in rhizosphere of Prunus sachalinensis. The length of the

ruler in the figure is 10 um.
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HRAE AR BR A= IAA HHE BT#E 1L 1%

alks

D27 D43 D46 D79
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Figure 3 Chemotaxis of IAA-producing bacteria in rhizosphere of Prunus sachalinensis. A: Diameter of
chemotactic circle of different strains on medium containing sugar. B: Diameter of chemotactic circle of
different strains on medium containing organic acid. C: Diameter of chemotactic circle of different strains on
medium containing amino acid. Different lowercase letters indicate statistically significant differences between

groups (P<0.05).

£1 FIAA BHKESR.
Table 1
[AA-producing bacteria

BHMREBEEREERR
Quantitative situation of nitrogen fixation, phosphorus solubilization and dissolved potassium of

Bacteria  Nitrogenase activity Amount of dissolved Amount of dissolved inorganic Amount of dissolved
(IU/L) organophosphorus (mg/L) phosphorus (mg/L) potassium (mg/L)

CK - 0.45+0.09¢ 36.83+1.64c 1.64+0.07¢

D5 26.39+1.62b - - 2.73+0.10a

D27 24.92+1.20b 2.54+0.10a 50.67+1.65ab -

D43 17.59+1.51c - - 2.49+0.06b

D46 33.59+2.27a 2.504+0.09a 50.95+1.21a -

D79 28.25+2.27b 1.42+0.07b 47.4942.12b —

Lowercase letters represent the significant difference of PGP activity among different strain (P<0.05). — indicates that the strain

doesn’t have this PGP feature.
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49 Bacillus aryabhattai strain NBRIYE2.2 (MK168634.1)
F‘I: Strain DS (PP747901.1)
27 Priestia megaterium strain Md1-39 (MF581445.1)
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80 Leclercia adecarboxylata strain FIAT-hcl-64 (KY653114.1)
Enterobacter sp. strain K8 (MW785891.1)
Enterobacter asburiae strain ITM L4311 (KC568144.1)
Li Enterobacter sp. strain C7-4C (OP810519.1)
Enterobacter sp. AG3 (KX061931.1)
Strain D46 (PP747904.1)

88 r Strain D27 (PP747902.1)
62— Enterobacter sp. strain BB1 (PP051508.1)

50

_
0.001

77 1 Strain D79 (PP747905.1)
Bacillus sp. 5091 (KC236650.1)
Bacillus sp. strain CPO 16.96 (OM280135.1)
Bacillus sp. 5074 (JX566625.1)
Bacillus sp. strain TM-S110 (MH698803.1)
\— Bacillus sp. X7-14F (KR029356.1)
L— Bacillus sp. strain RJ-8-4 (MN176455.1)
40 Strain D43 (PP747903.1)
531" Bacillus sp. TBRh7 (HQ443232.1)
Bacillus sp. strain 4B21 (MZ277411.1)
100\[ Bacillus sp. strain M7TWS21 (MK368456.1)
H Bacillus megaterium strain HB22 (KM659224.1)
Bacillus sp. WS22 (JIN899574.1)

59

— 64

0.005

4 REEMHRZLER

Figure 4 Phylogenetic tree of growth promoting strains. A: Phylogenetic tree of strain DS5. Bar 0.000 5
represents sequence deviation value. B: Phylogenetic tree of strain D27 and D46. Bar 0.001 represents sequence
deviation value. C: Phylogenetic tree of strain D43 and D79. Bar 0.005 represents sequence deviation value.
Numbers in parentheses represent the sequences’ accession number in GenBank.
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Figure 5 Effects of [AA-producing bacteria on root
activity of seedlings. Different lowercase letters
indicate statistically significant differences between
groups (P<0.05).
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significant differences between groups (P<0.05).
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Table 2 Effects of IAA-producing bacteria on root system architecture of seedlings

Bacteria Total root length (m) Root surface area (cm?) Root volume (cm?) Average diameter (mm)
CK 9.94+0.30a 138.38+5.04bc 1.52+0.17ab 0.44+0.02a
D5 10.87+0.46a 148.02+2.46ab 1.63+0.09ab 0.44+0.02a
D27 10.70+0.61a 165.78+7.60a 1.7940.37ab 0.45+0.03a
D43 10.19+0.66a 152.60+10.31ab 1.94+0.10a 0.47+0.01a
D46 7.05+0.57b 116.88+7.59¢ 1.45+0.10b 0.48+0.02a
D79 10.14+0.19a 152.90+8.60ab 1.88+0.24ab 0.48+0.02a

Different lowercase letters indicate statistically significant differences between groups (P<0.05).

R3 FIAABERMGEHRAESSHBZM

Table 3 Effects of [AA-producing bacteria on leaf photosynthetic parameters of seedlings

Bacteria Pn Tr GS Ci WUE
(umol/(m?s)) (mmol/(m?-s)) (mol/(m*-s)) (umol/mol) (umol/mmol)

CK 7.31+0.18¢ 2.11+0.01a 0.17+0.01a 400.48+1.87a 3.47+0.16¢

D5 11.61+0.32a 2.07+0.27a 0.13+£0.02b 335.454+7.51b 5.67+0.52ab

D27 8.37+0.10d 1.35+0.11¢ 0.1+£0.01c 323.49+9.75¢ 6.24+0.68a

D43 10.51+0.13b 1.98+0.05a 0.14+0.01b 342.28+1.49b 5.33+0.28b

D46 9.79+0.31c¢c 1.77+0.07b 0.12+0.02b 339.23+4.91b 5.56+0.48ab

D79 10.87+0.15b 1.95+0.06ab 0.13+0.01b 340.33+3.8b 5.534+0.30ab

Different lowercase letters indicate statistically significant differences between groups (P<0.05).

F a4 FFIAA BRI OBEEMENEM

Table 4 Effects of [AA-producing bacteria on plant biomass of seedlings

Bacteria Plant height Stem diameter Aboveground Aboveground dry  Root fresh weight Root dry weight
(cm) (mm) fresh weight (g) weight (g) (2) (2)

CK 20.45+1.38¢ 3.05+0.14a 5.06+0.37¢ 1.67+0.31b 3.91+0.10b 0.96+0.06b

D5 26.34+1.19ab 3.2240.09a 6.27+0.36ab 2.06+0.13ab 4.15+0.11b 0.95+0.03b

D27 29.99+1.77a 3.27+0.12a 7.18+0.25a 2.52+0.06a 4.51+0.59ab 0.98+0.07b

D43 19.33+2.91¢ 3.28+0.11a 5.904+0.63bc 1.97+0.18ab 4.76+0.20ab 1.12+0.07ab

D46 26.87+0.37ab 3.38+0.12a 7.294+0.13a 2.48+0.10a 5.28+0.26a 1.25+0.16a

D79 22.57+1.00bc 3.244+0.17a 6.84+0.23ab 2.32+0.06a 5.17+0.15a 1.24+0.02a

Different lowercase letters indicate statistically significant differences between groups (P<0.05).
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