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Abstract
environmental friendly microbial fertilizer and plant growth regulator.[ Method ] Soil samples were collected from the rhizosphere of Spartina al-

(Institute of Plant Protection, Chinese Academy of Agricultural Science, Beijing
Objective | In order to screen out more new and efficient plant rhizosphere growth-promoting bacteria, and to develop green and
) p p g 12 g P g

terniflora in Beihai, Guangxi. Microorganisms were isolated by dilution plate method. By detecting the ability of the strains to secrete IAA and
solubilizing phosphorus, the strains with strong phosphorus solubilizing ability and high IAA yield were selected from these strains, and then
the strain fermentation broth was prepared to soak and irrigate tomato seeds and seedlings. After the cultivation to the appropriate time, the
growth indexes of the seeds and seedlings were measured. [ Result] The results showed that when the concentration of the fermentation broth
was 1x10* CFU/mL, it could significantly promote tomato seed germination and seedling growth. The strain was identified as Enterobacter cloa-
cae by 16S rRNA. [ Conclusion ] A strain of Enterobacter cloacae, an excellent rhizosphere growth-promoting strain with the properties of dissol-
ving phosphorus and secreting auxin, was screened out. The strain had a significant promoting effect on the germination of tomato seeds and

seedling growth.
Key words

HRPR 302 -+ 8 rh &) S5 A 57 53 A JCHLER B i AHE
P E A B AR R W) A S IR A Y
MIEAEY ARPR M E U R + - R S R G P i
TR P i A 2 — , AMUBRE S 5 300 4l
WITEA K R T AR A e LI R R B 3R
TEA S AP Bt rb 45 AR . Horh ARBRE A
(plant growth promoting rhizobacteria, PGPR) J&+45 H H1 A= G 7
RV, B A= TR 2R MR s 38 v i — X D o A B
YEF , BE S5 0 3R 0 RSO 10 o S5 TE AL, 7 A A R A
YA RGO 25 A, X2 3R A R W B A A=)
WA A I R AP RS . PGPR i T Al
Vi HA BRI RES ALY 1 A K & S
TS B E WO, BUMAR PRI A I i, 5IA
AL e A BIAR B B 0% B H2 52 AR PR 2k W i Bt Fn
S5H, B8 AT VR AR A RIAR 4300 2 43 1 () 22 5 i)
THPRBR A A5, E 2 A A K R E UK R
THAEIRRE ST

HAEAF (Spartina alterniflora) , RAFIK B JE 224 H: Al
Wy, FEZEFPRLH HAR BB & 3k, BEUB TR FL T L3 v LUfE v v

E£WMBE 5 &HREXE R (A AA18242026) ,

EERN SHM(1998—), 4, THELEA, MEHT L, FHEF
MR EEAMG S, « BEEE,IAFAR,NFLY
FHE AT S B R A E R AR,

s EHE 2021-08-18;fEE A 2021-12-24

Plant growth promoting rhizobacteria ; Enterobacter cloacae ; Microbial fertilizer; Tomato

A TR AR, N I Bl 2 R X S 1 o HE A
KR 3 BEH O A S R G v ™ SR, A A AR
RS = " TFIE RN, ALK BE B8 M + 11
AR AR R PR A i R T e AR AR K
FOARPR A48 P A ] BB R GE T 2R 2 AR BRI A TR, R
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¥ 24 h TR AERR . 0T mL RO R B TR R TR, TG
BFACK B IR T 13107 CFU/mL, 22 J5 R JU B
B BRI 1x107 CFU/mL, 43 50 4% 6 13 - 4L
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Table 1 Culture medium and its components

ol il w5t

No. Medium Composition

M, AR F MR IR BEEEA 0.50 g, INERIR 0.30 g, ERERY 0.50 g, BaE FZJERR 0.50 g, BEIR A 41 0.30 g, LK BIREL
0.05 g, %4l 2.00 g, ATFMERERT 0.50 ¢

M, WRRIABERE 1 T eI R0 SN 0.030% , AL 0.030% , BEERES 1.000% , LKL EE 0.030% , Bl EREL 0.050% , PU7K it B4
0.003% , LK BRR 4% 0.003% , %5 1% 1.000%

M, (DGR piE s BERERY 5 g, SALHT 10 g, BRI 10 ¢, 0015 15 g

M, bR IAA BE s R e 35% WCER 50 mL,0.5 mol/L @ fbk 1 mL

1.2.1.2  TARRIGTREE. SRRV A KA D0, M40 RV 1) A= 9
FEAE A TR 22 SR U S E S TR AR o HRF T 1) P TRV PR B
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IR F4iR5 9% 24 h,
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RREWWDRTTE K, DURFRE S RIAME0d, 8 d 54K
THARZER10 d S5 K 203 R A OH 3 & 2R EORg
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21 HERAERBRIEAEERSBER W wioom
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Table 2 Screening of bacterial strain with phosphorus solubilization

and TAA production capacity from rhizosphere soil of Sparti-

na alterniflora

—_ TR HAR TAA e
Strain Solub.le phosphorus TAA concentration
circle //cm wg/mL

Gx-11 3.24+0.89 7.20+1.02
Gx-12 0.98+0.12 5.77+0.98
Gx-I3 1.32+0.24 3.33+0.59
Gx-14 0.21+0.05 5.73+0.84
Gx-15 1.35+0.32 6.81+1.21
Gx-16 2.16+0.52 4.90+0.88
Gx-17 3.35+0.89 4.57+0.83
Gx-18 0.32+0.08 6.24+1.23
Gx-19 0.11+0.08 5.77+1.09
Gx-110 0.31+0.11 5.64+0.98

22 B SIHEE

221 A RAEMAACRAE, WP ST 7E LB B 5R2E LR
wEFLA M, B, RN GBI, 2 [ @A R B,
WIATEA NFPIR . AR o R AL S E R A5 SRR (3R 3)
BIPR ST X IRE MIERER (B )1 S & R AR B LA A
HITRER AR B B, X 2T e I AL A RN R
PR MG S2AERE AR ANE 22 R @R B,

222 prEYEEYE . FANA S1Y 16S RNA Jy BLy Y
JAHEEZ 1300 bp (181 1) o P ) Bl Je 1P 3114 52
2 NCBI $dfs [ #£ 4T BLAST A6 28 Al LU AL, 15 B A L Fi & 59
16S tRNA JF51, FIHIXSEFPR I RGER TR (1 2) o 45251
FW] %0 B RS A AT 18 ( Enterobacter cloacae ) [ )& T
— I35 GRGR R, RIRTEISE 9% , 25 & AR FAE {2
TEAFZ R E N BT 5 o

2.3 EHRSIMERFMMFHEROBIE  FHilifh Tk
MIIRE AR IR 40 3R 4 KW IR A R 1AL PR v 1%
10° CFU/mL () & 9 8 AE % & 35 48 o b 7 7 &, R 2R
72.20% , K EEE N 72.22% , Jz ZEFEEN 26.23, 35 1 $5 8 R

95.48 ML T CK 43 %375 T 88.36% . 106.34% . 159.19% .
113.46% , KR FRIRWALBRZ b, 2% 10" 5% 10° CFU/mL
1 K TR 5 X b 7 89 & A7 AR A, 2 5% 107 CFU/mL
BRGSO T H LT CK LR 3R R FH R
BOFIE S48 80 I3RS T 41.93% .52.37% 69.47% .6.44% ,
DA oA 2 B, 2 T 77 3 R B AR R TR T A — 8 YR T Y8
PRI &, o 1x10° CFU/mL T Rk & BERUE E Al -1 81
VAP ESTIEN
%3 EKERRTES BNAEE K S1 0 4EIB £ LS

Table 3  Physiological and biochemical characteristics of bacterial

strain S1 isolated from rhizosphere soil of Spartina alterni-

flora

AL RN
Physiological and
biochemical
characteristic

A= e H
No. Index

R Z Urea
MR Citrate
71 Power
5,2 ##% Ornithine
FABE Raffinose
11154 Sorbito
HiZRER D—-Glucosamine hydrochloride

+ o+ o+ o+ o+ o+ o+ o+

775, Aerogenesis
HHFEZT Methyl red _
BESET Indole -
i fb A Hydrogen sulfide -
SN Phenylalanine -
4> 25 AEWE Adonitol _
152 Lysine _
A Xylose _

2% R YL G, Gram” s stain -

O 00 N N L R WD

— e s e
AN A WD = O

M 1 2

1 500 bp
1 000 bp

14::M.DL 5000 DNA B35 1~ 2. 4B 4 38 H Bt HIW & 4
1 300 bp
Note : M.DL 5000 DNA ladder; 1-2.Amplification fragment of bacterial
stain; The target band is about 1 300 bp
1 ZAEE M S1 16S rRNA EE H B 18
Fig.1 Amplification of 16S rRNA gene fragment of bacterial

strain S1
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. Enterobacter asburiae (KF747681.1)
{ Enterobacter tabaci (KP990658.1)

Enterobacter cloacae (MG774409.1)

o Lo
%2 S1(MW990108)

Enterobacter ludwigii (KC951920.1)

93

Enterobacter asburiae (NR145647.1)
99 : Enterobacter hormaechei (AJ508302.1)
Enterobacter xiangfangensis (HF679035.1)
84 ——— Enterobacter kobei (AB616140.1.1)
77 { Enterobacter cloacae (AB680426.1)
o7 Enterobacter ludwigii (AJ853891.1)

Enterobacter oligotrophicus (LC589704.1)

B2 itk S1 RAEX4HE 16S rRNA FIIM RS L B R
Fig.2 The phylogenetic tree based of 16S rRNA sequences of strain S1 and related bacteria
x4 Sl EHRRBEREFERHFHRHM

Table 4 Effects of fermentation broth of bacteria on germination of tomato seeds

7 e R A KA I
Treatments Concentration // CFU/mL  Germination rate /% Germination potential /%  Germination index Vitality index
PR & BFRZ Y Soak in 1x10° 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g
bacterial fermentation broth 1x10° 18.90+1.25 f 16.67+2.06 f 4.12+2.06 f 6.67+0.51 fg
2x10* 22.20+1.95 ef 21.11£3.01 7.12+3.00 de 18.51+2.02 de
1x10* 72.20+£11.90 a 72.22+10.55 a 26.23+10.53 a 95.48+12.55 a
5x10° 26.67+3.32 ef 26.67+£2.89 e 7.12+2.89 de 22.93+3.00 d
KB FIR 1x10° 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g
Soak in fermentation medium 1x10° 22.22+3.30 ef 21.11+£1.43 ef 4.94+1.42 ef 12.15+2.02 ef
2x10* 44.40+6.06 c 43.33+3.01 ¢ 12.09+3.01 ¢ 25.63+3.01 d
1x10" 30.00+6.68 de 28.89+3.04 de 7.75+£3.04 d 62.00£7.77 b
5x10° 54.40+9.62 b 53.33+4.20 b 17.15£4.20 b 47.61+7.01 ¢
Vi 7K 3 3 Soak in sterile water 0 38.33+7.71 cd 35.00+3.05 d 10.12+3.05 ¢ 44.73+4.05 ¢
medium ( CK)

T : RIS RN “F R FRoR A R 22 53 1. 2% (P<0.05)

Note: The different lowercase letters in the same column indicate significant differences between treatments( P<0.05)

2.4 EHR S1 X R AN 4D A KRR Zi@%#ﬂ]‘é W DM A A A K, iR R T, SRR R A IR S
A HHEAS AR DL 3, i 2% AR K AR AR B I i o 1x10° CFU/mL i, X A AR A A Ty .35, 55 CKOAf
(3 5) M, 2R TRk A TR A 1 B 5 Ak Ak PRI 19 l*fk,ﬁ PO AR bk v A T BT R 3 ) i T 63.79%

MK ks B TR e T CK, BiRH 2 Fhab #E 34 m] 74.66% 155.17%%1 150.00%
£5 BEHEERNEREKNEMN

Table 5 Effect of fermentation broth of bacteria on tomato growth

450 e i i I TR
Treatments Concentration // CFU/mL Root length // cm Plant height // cm Fresh weight /¢ Dry weight // g
T IR & B IRIR I Soak in 2x10* 8.01+1.32 b 6.43+0.82 b 0.37£0.07 b 0.03+0.01 b
bacterial fermentation broth 1x10* 891+1.54 a 8.89+1.21 a 0.74+0.09 a 0.05+0.01 a
KW IR 2x10* 6.731.40 ¢ 5.76=0.86 ¢ 0.38+0.10 b 0.030.01 b
Soak in fermentation medium 1x10* 7.21£1.72 ¢ 6.64+1.12 b 0.42+0.09 b 0.03+0.01 b
V57K 12 0 Soak in sterile water 0 5.44+0.92 d 5.09+0.79 d 0.29+0.06 ¢ 0.02+0.01 ¢

medium ( CK)
0 PR R NG F-BER R AL PR R 22 5 .35 (P<0.05)

Note; The different lowercase letters in the same column indicate significant differences between treatments( P<0.05)

3 iFig P AR ZRM LA N A B A5 s D 1) 2B DR X A
PGPR Al Z R AR FIALHI R BEAE I A KRR B OR4R & ™™ o AU PGPR i iU A W NE R T 2 i AR E 1Y
TR, UM AR AR PR IR 5 SR PRI, S SR ) 1 1] 2 ok A P T3 0 B 75 24 1 0 ARl 0 2 30 4 SR 4

A 73 WA RS R R \Zﬁﬁzﬁﬁﬁ%ﬁﬁ%ﬁﬁﬁﬁf%Eﬁ; 2 AL AEZRER BER AR b X 2R (0 e 2 T R P A
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BRI,
1x10* CFU/mL

SIBMA B RIZ 76,
1x10¢ CFU/nlL

B3 Sl ZEBERESGETEMERKNT

Fig.3 Effect of S1 fermentation broth on tomato growth under greenhouse conditions

BT RE Y], FIE, FIFH PGPR B & HB BUMR 1 1
A P RERL AR 4 A TR 5T R Al i ke B B S
TN VAL B AR AR PR 3R 2r B ARAT 1 SR EA
TR S o3 h TAA e 7 (% T bk B VA W 4T 11 ( Enterobacter cloa-
cae) , R BAAE 1x10" CFU/mL I REWS & 2 X 7 7 i b 7
B R MEE R, BIRRTIAA WRER Y AE K R F o
TR A R R B A B AR E ] R,
AN AR PRI AR TR R RS A K i TAA, WIRE VS A 97 A=
KA, NTTE B IR R TR E KT REK,
i REM AR P A < LA VA B D RE A 41 T 43
WA LR SR04 8 B 12 G W I PR PR Ak ]
TEVERE, R AR S A K RS R BRI A )
P A= TR A BRI I FF 18 ( Enterobacter cloacae ) , 3¢ J& T 141
H HTCAHGE A PR bR A2 2E T K 2 8 T 2 14T 8 ( Bacil-
Lus ) FIAR 210 T8 J& ( Psewdomonas ) , WAl i £ 45 AT 1 J&
(Xanthomornas ) . 15 ¥F & J& (Arthrobacter ) A 7 & K H /&
(Burkholderia) 3§ = Vi [CH & ( Frankia) | [# % 5 J& ( Rhizobi-
wm) 252 BB A AMEE WA B YA I ( Enterobacter clo-
acae) VEFEYIRR PR 2 A T O AH OCHRIE . 25 RT IR, IZ 5T
KIEAIBIIE I AT 18 ( Enterobacter cloacae) HAT KA 14 AR B i
FHHETR, A 3= & YO A TR RN 2, LU Ry I A 8 1) £k
A W IEAE ) HE AR B IR AL AR
4 #ig

TSR FE ARG I 16S rRNA 73 % 8 B AR i
e 1 ARA PR RAR AR B bk B VA 1 4T 15 ( Enterobacter cloa-
cae) HEIEWE S AE K R YERE KRR T iR i &
RYHT A A R ER]
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