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RGeS, SaTEaS EMAMNE L 16 S tDNA JFHI 54, BHRH R0 KA, 8T+ R A58 50 0E
PRAETEFIFTRE, I F0 i 2 AR 0 AR P S Bt AR DG R R B s . D455 T i T 300 g/L
PEG6000 -5 e i Ak 23 #k, JCrP sl 008 21 vk, ARIER 16 bR, 7~ TAA B 5 Bk, 2 Wkaiksd 1L Bk, 40
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Screening of drought tolerant plant growth-promoting rhizobacteria from
Camellia oleifera rhizosphere and analysis of their growth-promoting potential

Zhang Xumeng', Li Xingyu', Lin Jing’, Wang Xiaoyan', Su Xiyu', Wang Huimin', He Yuanhao'”, Deng Xiaojun'®’
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3.a.Zhongnan Fast-growing Wood Breeding Laboratory of National Forestry and Grassland Administration; b.Guangxi Key Laboratory
of Superior Timber Tree Resource Cultivation, Guangxi Forestry Research Institute, Nanning 530002, Guangxi, China)

Abstract: [ Objective] To screen strains with good growth-promoting and drought-tolerant effects on C. oleifera, clarify their systematic
classification status, and preliminarily explore their mechanisms, which provides a new research direction for improving the drought
resistance of C. oleifera. [Method] Drought-tolerant bacteria were isolated and screened from the rhizosphere soil of C. oleifera
growing well in a drought environment by using polyethylene glycol (PEG) 6000 to simulate drought stress. Their nitrogen fixation,
phosphate solubilization, potassium solubilization, secretion of indole-3-acetic acid (IAA), siderophore and 1-aminocyclopropane-1-

carboxylate (ACC) deaminase were determined. Combined with morphological, physiological and biochemical tests and 16S rDNA
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sequence analysis, the phylogenetic status was clarified. The growth-promoting and drought-resistance were verified by seed germination

experiments, and their effects on the activity of antioxidant enzymes and the expression of related resistance genes in the roots of C. oleifera
were studied. [Result] A total of 23 strains of bacteria that tolerate 300 g/L PEG6000 drought stress were screened, including 21 strains
of nitrogen-fixing bacteria, 16 strains of phosphate-solubilizing bacteria, 5 strains of IAA-producing bacteria, 11 strains of siderophore-

secreting bacteria and 6 strains of ACC deaminase-secreting bacteria. Combined with drought tolerance and growth-promoting effects, the

optimal strain 1J81 is screened and identified as Enterobacter sichuanensis by morphological characteristics, physiological and biochemical

tests and 16S rDNA sequencing results. Under both drought and non-drought conditions, strain 1J81 significantly promotes the activities of

catalase (CAT), peroxidase (POD), superoxide dismutase (SOD) and other enzymes in the roots of C. oleifera and the expression levels of

related resistance genes POD, SODI and PRIBI. [ Conclusion] As a microbial fertilizer strain resource, E. sichuanensis 1J81 derived from

the rhizosphere soil of C. oleifera has the potential to improve the drought resistance of C. oleifera.

Keywords: Camellia oleifera; drought tolerance; plant growth-promoting rhizobacteria; drought stress

WZE Camellia oleifera 7&111%5F} Theaceae 11145
J& Camellia W1 SEHEAR, 52 3R [E 3 (AR AR
Rl AR DR R BRI 2 A B ) 2 AR M R
HEEEEERY, WA EERET ER, #
BRIV A5 TR, B BRI, B R Y AR
NG FFAF IR o 52 AR E AR R 52,
TR R FK, KB IA) R . 2022
IR A HILRTE B TR, 711 HAEE P
¥ B K &4 86.0 mm, ¢ A [A] B W 2> 79.5%,
1961 FE LR SRR Bl FRFEER, il
FHERAE N2 KER RIEESE (Reactive oxygen
species, ROS) S FHWT, X 40 & Seit i
5 B, 3 AR R AR E AR S AR B Th RE, R I
AR ARAEKZIH. WEWD. B2w/h. 8T
B VS DRI, el B e A T R A A
HH RS iR O DB ) R

fEGEYPIR S R TFRUSMEEM AT, H
FAAEBRAE R, FER SR 1), 1o AR B g 42
(Plant growth-promoting rhizobacteria, PGPR)
REHEYPLRE ), HRRAER R e 0
#, NHEIE R M. FR, PGPR REEEITZ
FRALHI IR MY R, AR RHERARKE .
BEW PPAEEEEERN. BRAREILE
UK R K A 2 R E TR,
PGPR fEXGINAEY &, B9 580 & F FH A ) A A ai
145 75 THT A T ELAE R AP VE R 2% 1 R oA R
Liu 25 ™ BF 58 % B, PGPR i #f 25 #0 #T 1 Bacillus
cereus L90 7E T Wi TGN 7 ks A KR
(Indole-3-acetic acid, IAA) . 758 % (Gibberellin
acid, GA;) F1 &K K ZE (Zeatin riboside, ZR) %
U R PTEACERTE T, OO T R A R,
HRERE THEDEL. SR, SRR FRE A
WA 2 U AR oK Zea mays. ML Capsicum
annuum FEAER KGN, EFRTIH AR L FEAEARAR

THORME D0 1) R S VR S D o TR, X i SR AR B
TRA T I LK 2 RAE TR AR ™, e HgR
UL BT SO f0E . B BRI AR H
PRI, FEAPLTBE I ML ER AW . ST UL,
AHIE FEAEAR TR AR 1 R fili_ BN ATTF R F A,
X IR SR AL AT B SE R S

AR FEET XS 0 B 7 BT R AR R AR R
MR, FRE AR BR PGPR, Wl g HLiiid A4 e 2
AEREE, W E TR R, T I I A
RORIGIAE PR (e A ERE,  FRA I AR &
W73 0 I 009 1 e 0 TR A SR Bk IR SRR R, D Ui
5 PGPR fEM 7% N S (B IR .

I MR5RZE

1.1 HEHXRE

2022 F 9 H CHHBEKEOmm) , ERKIDK
o U ot % PR 32 £ R R AR, S8 BEAZHUR &R
BEERERREEF L, FERER N TR,
4 CARIRA T -

12 EHFESH

AT 7T R B35 97 3 5 F 0 R LB 555
RN SEOURREFEIE . PKO B, MK AR
56 120 Salkowski Fb a3 'y MSA JE il ks 97 3
CAS % ", DF #h#% 93k, TSB AR 773 1,

13 HWENSE. GUSTHEERITEE

HUMAARPr 123% 0.5 ¢ BT 5 mL LK, &
FETEYE S min, JELEIH 10 BLEMmBEE 107,
WA T LB #5953 1, 28 CHig% 1 ~ 2 d R,
itk B 4 CHA R .

K H % & — % (Polyethylene glycol, PEG)
6000 ¥ AR T i8R0 ik B A e
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%9

BRI, W 3 AR IR,
HRHE Michel %5 ' I AKX IHHBIES, FHRERK
£ PEG-6000 % Y000 B 1117232 35 53 7l 4 -0.15 MPa
(100 gL PEG6000, 5 )  —0.49 MPa (200 g/L
PEG6000, H{w & JZiiF£) « ~1.00 MPa (300 g/L
PEG6000, ) o Al bkiEAh T 100 g/L
PEG6000 ¥ Rk 7284, F 28 ‘CZ M~ 180 rmin '
BF%, 2 d e SRR R ED, FFLL 100 g/L B
FEBRREER:, BELA 300 g/L, BT 5 Bk 1 i ik
531k

1.4 {24 PGPR BEHERYTHIZ

1.4.1 HREERET N E

V4 77 36 ) D S5 TRT T R b T B 0 DL R 9 2k
B, 28 CREFE 3 d, #HHEMALIER K, WA
W L FLA [ RCRE Fo . I T R R G R AR BT
I REFREE B ODgy 18, VPRI [ & RE S 1.
142 BRRERE. MRANEES I E

Y T 552 T PR VR PR T S A LB R IR A
PKO #5752, K AR Y, 28 CHFF 4 ~
5.d, A7 AR B T T S T L B A A L R AR
ME OB B B (D) MEKRER (0 M,
1.43  H¥Rw TAA e I &

K Salkowski bt €432 %€ B #k 73 W4 TAA BE
71, 148 TAA bR 26151 977 14 =0.032 6x+0.004 8
(R*=0.997 9) , iHEBANRFUR TR 1) TAA &
% [13]O
1.4.4  PREakpcpe I ml g

W i 5 B B VR B PP 22 MISA-CAS [8] 44 8% 77 5
e, 28 CHiFE 3 ~ 5d, TRk fs s s el =
S AN NN AN s = UL E
145 7= ACC W&l AE )11 I &

Z I8 Penrose %5 ") [ 713047 ACC I & B
PR E . FH SR A7 Bl g 70 B DA R R &2 3R R LU
71 (U/mg) , LA 30 20 b 1 Mot OB v 12k o

15 BRI R A KIERAINE

PR AR 2% R B R R T LB WA Ry
Fierh, fE£28 ‘C. 180 rmin' M FH5% 12 h,
8 000 rrmin ' B0 5 min, F _EiE, T KTEEH
3R, M SRR B AR B R B, R ok
FERE I E L 600 nm FHIROEE (ODgy) » 7tk
ODyqo 1 2 1.00 I il B 2 . e FR M BA s
FTIEMZE R, F 10% IE RN H 5 10 min, P
Ve 3~ 5k, WK, H &R 10 min,

T EFRmMg, T 25 °C. 16 h Y6/ /8 h M 41
THEFR. WA NI, N B RIR BT
JE4F 2 RAMTLHEK (CE) ; WEWRRWM TG
£ 2 K #h 78 PEG6000 ¥# ¥ (PE) ; % 2 K 4h 70
PEG6000 75 (P) ; £ 2 RAMELEK (CK)
FACFE 4 ANER . 15d GGl 5Rh i 2 %,
fatr it AR T

Ge= (Ns/Ny) X 100%; (1

Gy= (Gy/Ng) X 100%. (2)
A Gy NFIFE RS Ny N 15 d AR K 3G
Ny WA FE 858G Gy AR FEIR R, Gy N
TR H

MAF TR FE 50 d J5, JEEUET R AN AT
HURE, FRE & AR KA8hR . BN ERE L 5 MRFh
B, PR R RO S 2R AR 2 TPk Ry s
A AIH R R R, 22 105 'CAATH 30 min.
70 CHAFMETREREE, WE&HoTiRE.

1.6 BEHKEE

BALR AN R A T LB £33 b, 28 ChE 3%
1d, WLEEICSKAH B 0 B AR S VR T ASRAE, i
P Rt TR (AR S ) U7
ACHE WA R G % e T U A (07 vk 4
HEAT A A H AR AL R BRI E

16 S rtDNA J7 51 5& Je 53 #r: A FH 248 B 2 A
21 DNA #HGR 7 & (TIANGEN) # U 841 3
AE A TR 572 41 B4 DNA, 28 B0 T 0 68 I Hh 3K 36 40 &
B )5 AH AR, SR A 16 S tDNA i H 51 4 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") #11 1492R
(5-GGTTACCTTGTTACGACTT-3") #£4T PCR ™
14, 3843 16 SIDNA K Bt, PCR =ik R £ W)
MFF. PCRY MEFEF N: 94 CHi# 4 min, 94 C
25 1 min, 55 ‘CiB“K 1 min, 72 ‘CZE{# 1 min,
34AMEIR, 72 CLIEM S min. 745 B 7E NCBI
s Rk T BLAST Xt e, ik RIJE MR 99%
175, KA MEGA 11 AFHERG K E M-

1.7 SHFEMBMEEE WERRNE

HUF R 5 ~ 8 om WA, FREGHZRH £
AR I 43 0.1 g, W 52 i AL AW (Catalase,
CAT) . LY (Peroxidase, POD) . %
W EALEE (Superoxide dismutase, SOD) HIid .
AN EE S IR RAMNEBE AR A
PR ] ) A5 00 5 A it TR 2
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1.8 MEBMHEXEENTALEE PCRIE

i #& Trelief® RNAprep Pure Plant Plus Kit it
B2 HUE RNA, JFAE I RNA [ 24 B A i &k
FE, SiREH 1% BOIRE R kA I RNA 257 .
T RNA i E KR E A 1 000 ng-ul ', T JE8:R
. HWIKZER (B 1) £, 28 S 18 S %4k
W, UiB RNA JGREME, 88 MER I ODagng M
fHI¥ITE 1.8 ~ 2.0, RNA TGi5%, WTHTEEERE
o HARMEAEIZ IR Syn-Script® III RT SuperMix for
qPCR (+gDNA Remover) Rl & i 4T, 15
F| cDNA, & i cDNA Bt 5 5 J5 . R 48
Servicebio 2 ] [f] 2 X Universal Blue SYBR Green
qPCR Master Mix #t W45, LA EFla y N 22N,
4% FI%F POD. SODI VL J PRIBI JEPR AT 9% 6 &
BN, FTA LIRS HSCHER [19], Bfkg R
w1 . W Ct{E it 5 POD. SODI L) J&

PRIBI FE[R P FEXS R IE & o

2000 bp

1 000 bp
700 bp

500 bp

250 bp

100 bp

1 2 RNA HKE
Fig. 1 Electrophoresis of total RNA

% 1 gRT-PCR {EHRYS4
Table 1 Primers used in qRT-PCR

K ID Gene ID 5% F Primer F 5% R Primer R
EFla CAAAGAAGGGTGCCAAGTGA ACCAAACAACCGACCTACGA
PRIBI GTGTTGGGGGACAACAATGC TGAACCCTAGCGCATCCAAG
SOD1 TCAGTGGCACCGTACACTTC TTAAGCCCAGAGACGCTTCC
POD TCATACATTCGGACGGGCTG AGTTGTAAAGGCGTGGGGTC

1.9 HE4LE

FJ F Excel 2021 3 4 5F £ 48 2F 47 B B, K
F SPSS 26.0 B A 34T $. A R J7 2 43 1 (One-way
ANOVA) , f# B GraphPad Prism 8.0 % 4 1E &,
F MEGA 11 B4 R AR KE W

2 HER50H

2.1 MREERTFESEERE

Sy B AL B AR 100 Bk, o 23 Ak ] 75 A A
fif 5 (300 g/L PEG6000) 2614 FIEW ALK, AIHT
JEERThRER L. Sl R, BA BRI E bk
218k, BHEAVBEREINA 16 Bk, BA MR
REJIMIA 19 8k, BEA W IAA REJIIAE S BE, B
AP gREARRE A 11 8k, BA ACC iz B fie
JIA 6 k. o, 10 REFRFIRS B 2% 4 Fi &% LA
FRATIRE (R2) . BRORE, A 5 HKEERE
B8 (ODgy KT 0.250) , 1J81 FET B I FE
KRBT I UT, ODgy 153 0.408; 6 PRI H 47
IR LR (Did > 1.50) , H B 1153
) Did {Efe N (1.6710.16) 5 5 FERDLH BT
B R (D/d > 2.0) , FH Ak 1J81 1) D/d f;

&, N (32010.15) 5 3FREA S IAA GES, HL
H1022 (1) TAA 5B B B, N 29.98 pgrmL
6 MREA g Ek R ), b 1081 PRk E R RE
o, B EAIAR (1.4740.03) mm; VA4 2 #k
i 56 77 ACC iz B fe /), Horb 1381 1) ACC
it 2 Bt P B S i T 53—k, M 0.251 Urmg s

XHEAEDIRE S I R Ak (1781, 1375 1 1J22)
HEAT IR 505 & k56, 7E 300 g/L PEG6000. 250 g/L
PEG6000 #5400 ) T S i, A A3 1) 7 i
REZFNIIH], TR, 1F 200 g/L PEG6000 f5
WHIT-2A T, HERk 1781 AR R 7 & K.
v (i A= i 2 R 48 B 35 A T HA B R (P << 0.05)

(£3) . FEMERIEHLILL 200 g/L PEG6000 fi

S SIS ER

gr b, d I & B AR B ) B AR I AT 2R AR
bb, Ak 1081 [FIRFH & 5 e A ohRE, HAZARE
J15T B Re 1R IR, PR A 5 32k T P
1381 JFJ& Ja 825

22 BEHHESESEEEMFERS FEYF
BELR

181 B V& oK s, T2 S A [ s o 0 )
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Table 2 Growth-promoting effect of strains
i FE 0D RED DO gy o AR IAA FIRIKEE ACC Hiifi
Smin NED | whbiang  TOTee Sdewoe Tt
o capacity(D/d)

1J75 0.213£0.02 1.23£0.15 2.56+0.12 — 22.39+1.01 —

1J78 0.281£0.06 1.28+0.09 2.19+0.18 1.28+0.05 — —

1J81 0.408£0.06 1.63£0.18 3.20+0.15 1.47£0.03 — 0.251£0.057
1J74 0.226+0.03 1.46+0.06 2.67+0.09 — — 0.033+0.009
1J53 0.234+0.03 1.67£0.16 1.21£0.10 1.23£0.03 — —

1J76 0.296£0.02 1.28+0.14 1.48+0.14 1.05£0.04 — —

1J5 0.293+0.04 1.55+0.12 0 1.32+0.05 18.56+0.58 —

1J24 0.221£0.03 1.5940.20 1.95+0.20 1.14£0.04 — —

1J22 0.273£0.02 1.65+0.10 1.19£0.16 — 29.98+0.13 —

1J15 0.249+0.05 1.5740.10 2.4940.59 — — —

T AZB PR T AR R T RE -

WER, BEvE/AN BEFAEH, i,
RMEHRE, 17 DY R R AR R B (B 2A) . %
W RN S IR, R T 2R (E
2B) o MR (AAELS e FMY A CE L
W ARG FMY  SHRGEN K. B A
MR AP MR MBI E. MR,
VP, WIER IS A ARG SR (R, )
I B R 1I81 AT B . I 45 SRR A B
GenBank %0 #f 2 (& %54 PX365875) , Wity
BILEST B, ZEARS VU AT E E. sichuanensis
(1) 77 %) [F) 98 1 B s, I8 £ 99.50%.  7E NCBI 44
P E v 3E AT BLAST B X, JFE R RN
99.0% ~ 99.5%. FFHIJE Iy 1000 ~ 1 450 bp i

A

2
Fig.2 Colony morphology and Gram staining result of strain 1J81

2.3 EfK 1181 MMF AR MMERIREER

7E 200 g/L PEG6000 4817 B i F, 18 #k
1J81 "] AP FHAKTIE /1 (RS, [FII X4
R RS FMEKSBAREER (B4 . 4EF

—: the strain did not detect the corresponding function.

HMIERGKBEW, S8R NE 3. &8 TEERE.
AR AE A HRAE RN 16 S rDNA Il 45 S 284 0 W
B RE 1781 AT & 1Y )1 AT 14

£3 MBEHROTEGLR'

Table 3 Drought tolerance effect of dominant strains

AbFRAL R FIER K VSN
Processing ~ Germination Seedling root Seedling bud
group rate /% length /mm length /mm
T-Fia p 25 11.10£4.03 ¢ 0c
1J22 30 23.54+2.92b 8.52+3.10b
1375 30 21.66+5.60 be 2.68+1.75 be
1J81 35 40.16+821 a 19.87+£6.95a

T RRAANGFEH AR R 8% (P <005) .

Different lowercase letters indicate significant among treatments at 7 << 0.05.

™~
7 e
’ -
V' 3
- N ' e \
/ RN =
- B
\
)
g % >
W; H / ’
. { /
I o \ \ .
- /
} -
'Vl
zr™ \ ’ L 1o
- 4 ]

181 MR SHMEZIRLBHERER

BT, WAk 1I81 AMFRAL (CE) METHIZEK .
WK BEFE LT RELEES TRBH (CK
(P<0.05 . TF%&MHN, FEPk1I81 &b#H4H (PE)
PR ZEK . R, SRELATRESNEERT
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Table 4

Physiological and biochemical identification results of strain 1J81

%5 52 358 Identification test 5645 B Test result

%5256 Identification test 13645 B Test result

VER K AR Amylohydrolysis
A AL Liquefy the gelatin

FrEMR A Citrate utilization +

fiFi% #5148 )5 Reduced nitrate +
M.R

V.P +

A EVEVER &K % Fermentation with soluble starch

Hij % 9% K ¥ Fermentation with glucose +
HipE K % Fermentation with fructose
H # B KB Fermentation with mannitol

TEBE & % Fermentation with sucrose

+ o+ o+ o+

M5IVESEEE Indole experiment -

Tt BEPEECRTAIAD -, BRI

+: positive or available, -: negative or not available.

- Enterobacter sichuanensis_ON241832.1

88[ Enterobacter sichuanensis_ON241836.1
891 Enterobacter sichuanensis_ON241841.1

— 1J81

| | Enterobacter mori_OP133264.1
90
Enterobacter mori_OP133266.1

85
— Enterobacter cloacae_MG557804.1

|: Enterobacter cloacae_KM885186.1

Enterobacter cloacae_OP364922.1

0.020

Bacillus subtilis 168_NR102783.2

B3 £T 16 StDNA FHMEIN ARG X ER
Fig.3 Phylogenetic tree based on 16S rDNA sequences

TEBEAE (P (P<005 . TEMHET,
PR 1781 AbFEZL (PE) Fh i T 5 2 32 3% = T 5 iR
H (CK) « 28 b, ik 1081 H B EIE A AR .

=5 HEK 1181 M FEEL RN

Table S Effects of strain 1J81 on seed germination

BRH (15D

Germination vigor

R

Germination rate /%

AbFEZH

Processing group

(15 d) /%

JoH K CK 75 75

it % CE 65 75

T2hia p 15 25

TREH PE 25 35

24 HMEMAUBELZEACSHEMEXEERN

Fi&

AT IE, TR AR AR e AR I AN [
BT CE S FRIHET, Fbk 1J81 A FE4H (PE)
i 275 AR 8 CAT B 3% v 0.33 mmol-min "-g ', /& Xt
B (CK) 2 f% (P<0.05 , 2 T2Miad

iy =

(P) 1 1.33 f%; POD E§iif4 399.17 U-g "'min ',

XA (CK) Y1041 5 (P <0.05) , £ T
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Fig. 4 The effect of strain 1J81 on seedling growth
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Fig. 5 Effects of each treatment on enzyme activity in the roots of C. oleifera
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Fig. 6 Effects of each treatment on the relative expression of drought resistance genes in the roots of C. oleifera
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