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# E: [HFFYRERAF TR A K. RGHED I, FARIREA SF2R 098 LM A
B, TARFERAMER A ZmAd. [B A 1RR 4 MARHR R A & B0 0 K WA BAL A A
A, ik BRI A H B, [ k] @3B A, ARAKIE. 16S IRNA A B 5 7 F R b
U 4 RBFSPRIFACAH, KA A EEnZiasE, @it EENE ACC BLABEE M.
CAS %M =4k A 68 71 . Salkowski #% M E & TAA (Indoleacetic acid) 9 §& /) SATIR A 4E A AR, i@
dafFRMKa R, X, LRAAKBGOHRGAGFTASMIRAEZE. [4£R] %% KKS-6-N1
A KA B £ E AT B (Agrobacterium radiobacter) , KKS-7-N7 4 4R % 1B % #2 B (Pseudomonas
aeruginosa), GD3 # Pseudomonas hunanensis, GD12 # % # 3 3047 & (Bacillus flexus). B R &
KKS-6-N1 ¥ =4k #4k; B R H ¥k KKS-7-N7 LA fR BB = 4R BAREE ), 20k 89 TAA 4% 53X 101.29
mg/L; MATE R GD3 BIiABk4E /), 4 bty ACC BLABEHEE # 8.09 pmol/(mg-h), ABXT4kHBIKE T
A 0.31; £ B RAFAT M489 H Ak GDI12 bty ACC BLEBEE M4 14.46 pmol/(mg-h). & HiXie & 9,
4 AR ZOE. REXOKRSFHFEHFARIRAMEA, L0h GD3 AR EL, (4] 5
HARFRT A B B A& Pseudomonas hunanensis GD3 W AR B2, BAH F L RMKEMBARRGZH .
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Identification of four plant growth-promoting rhizobacteria
isolated from tea rhizosphere

WANG Huan HAN Li-Zhen"
College of Life Sciences, Guizhou University, Guiyang, Guizhou 550025, China

Abstract: [Background] Plant growth-promoting rhizobacteria can promote plant growth and improve
stress tolerance. There are special microbial habitats on tea rhizosphere and some beneficial
microorganisms with growth-promoting effects could be easily acquired. [Objective] To ascertain
taxonomic status and study growth-promoting characteristics of four PGPR strains isolated from tea
rhizosphere, and further screen superior PGPR strain. [Methods] These four strains were identified based
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on morphological, physiological and biochemical characteristics, homology alignments of 16S rRNA
gene sequences. The plant growth-promoting characteristics of isolates were studied. Phosphorus
contents were analyzed with Mo-Sb colorimetry. ACC (1-Aminocyclopropane-1-carboxylic acid)
deaminase activity was measured by colorimetric method. Also, siderophore secreting capacity and IAA
content were determined by quantitative test of CAS (Chrome zaurol S) medium and method of
Salkowski, respectively. In pot experiments, plant growth-promoting effects were analyzed by
measuring shoot heights and fresh weights of tested plants (including Chinese cabbage, swamp cabbage,
amaranth and rice). [Results] The strain KKS-6-N1 was identified as Agrobacterium radiobacter,
KKS-7-N7 identified as Pseudomonas aeruginosa, GD3 identified as Pseudomonas hunanensis, and
GD12 identified as Bacillus flexus, respectively. In these four strains, nitrogen-fixing strains KKS-6-N1
and KKS-7-N7 produced siderophore, KKS-7-N7 also had the abilities of phosphorus-dissolving and
IAA secreting as high as 101.29 mg/L. The other two strains, potassium-solubilizing strain GD3 still
dissolved phosphorus, its ACC deaminase activity was 8.09 pmol/(mg-h) and relative content of
siderophore was 0.31. whereas GD12, which had dissolved potassium and fixed nitrogen, was found to
secret ACC deaminase of 14.46 pmol/(mg-h). In pot experiments, shoot heights and fresh weights of
Chinese cabbage, swamp cabbage and amaranth were increased obviously by inoculation of these four
strains, especially GD3 is the most excellent among them. [Conclusion] Pseudomonas hunanensis GD3,
which isolated from tea rhizosphere, could strongly promote plant growth. And it is possible to develop
as an excellent microbial fertilizer.

Keywords: Plant growth-promoting rhizobacteria, Tea rhizoshpere, Identification, Growth-promoting effect

HBREAE B (Plant growth-promoting rhizobacteria,
PGPR) &84 K AEAH Y HIPR 1- 8 b () B (L A )
Ak EE YT RER— 2 2R R4y
PGPR AU A, 7. fRE . -
Qnng|k 2, R (Indole-3-acetic acid , IAA)SFE SHAEYI 1Y
ERER, ek (Siderophore) . 1-Z LA
t-1-FR R (1-aminocyclopropane-1-carboxylate , ACC)
JI A A AT S RAE D . EA R . AR
BERIBTER . AR, BRI AE KR . A A
P BN 2GR o34 TARZ PGPR
BIR, WA T TR S IIRE, MTELTT
A R RIS i A

AR — P = BRI R FRATA) , R R 2 53
A & GEAE - 3erh TR B RARPRRFIR AR -G A
B0, ZAARER - A S SRR Y, S
AR LA A N AR PR AR A
PRI DA 225 485 AR s 2 8 12 R0 300 R 7 0 £ A ol A=
PIERTRERY . B 1E SEFHE PSSR PR 138 i ik
FNRY 3 BRIFERANET T, Burkholderia sp. T3 Fl T6
PRI TR 0E S BREBARE T, 43I ACC i

FE A 0.09 pmol/(mg-min)F 0.196 umol/(mg-min),
IAA 754358 2.88 mg/L 1 14.93 mg/L®, 4K,
WFFE AR AR R 38 A 15 P A M HA — 2 S
FERTIARFIEH, FRATE LM SR PN AS ] 4 X 45 el
M2 WAL B 3 o B e ) 4 AR PRAE AR T
KKS-6-N1, KKS-7-N7. GD3 il GD12, fleA:4k
IR SE W] KKS-6-N1 & KKS-7-N7 ELA 4
fieJ1, GD3 HAfREAE ), GDI12 HAT A M RE
71, EVERFE IR R 4 BRI HAT T TAA 7 HON,
77 NHs . 43Ik EE ACC iz i v mae 11,
AHFFENTIX 4 ¥k PGPR BRI T T 4858 AR A HLER
E—A5, R AR e Ak, L
I RARA R AL ARSI, I ARBRAR A
S B AL ST 555 A
1 ARSI
1.1 #d

1.1.1 il E#%
4 FRAPRE A KKS-6-N1. KKS-7-N7. GD3

1 GD12 ¥ A S 38 M G H DX AR RAR B - 458
w3 S A 2
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1.1.2 $E5%E

PKO }ist & TSB #ist!'! DF B53R%E K
ADF £33 King’s B #3736 MKB #
113 FEKFFNEE

16S tRNA FEEY 54 271/1492r G K Tag
KA, Ki%E TaKaRa 22 A ; 4H1E DNA $2HGG0 £,
Omega A ). PL#AHEE PCR 1Y, Bio-Rad 22+]; 4§
MR, RIS A TR A E]
1.2 %
1.2.1 4% PGPR E#kHILE

NS TR T A RRIE B 2 IR ek, AR BAE
TEIRE 2R C IV R G T ) HEA e, xf
HE RS AT 45 T ) BoRH DG SR 15-16] %5 TRtk

W RRTE S PRI S DNA, DU B,
PA 16S rRNA JEL[H 5 95 271/1492r (27f: 5'-AGAGT
TTGATCMTGGCTCAG-3', 1492r: 5'-TACGGYTAC
CTTGTTACGACTT-3")il4T PCR ¥4, PCR JJj 14
Z(25 puL): 2xPremix Tag 12.5 pL, 10 pmol/L 5|4
£ 1.0 uL, it DNA 1.0 pL (£ 50 ng), ddH,O #b
JE# 25 uL; PCR W 4&(4: 95 °C 10 min; 95 °C
455,55°C 455,72 °C 90 s, 35 MEH; 72 °C 7 min,
PRk IR A T AT IR EIN T . TS
4 PRANTA 16S rRNA FEK W% ITIR ¥4 7E EzTaxon
Bl e b SRR AR T [T X
1.2.2 PGPR EHRHIABFFERA R

HERT 30 °C. 150 r/min BEFEEALG BT
PKO }igehkh, MFFATRFR 7 d, R
JE GANRIAN I, F AR BRI R S T 2 4
WU | G FRMOICH U i S s R 13 0 AT
ST IEIE RS pH . BRI P A
PR & 1 15 28 1O BRI R 2 v (R AR IS AT i MR
it 2 R TRR I RO i
1.2.3 PGPR E#kH ACC B & BN E

IRZE 60 mL TSB WA G F= B TE LG 7% 24 h,
HIR W% 8 000 r/min B5.0> 10 min, DL DF AR5
FEPES 2 Ik, JFEET 24 mL ADF Higpsirp s
24 h; BOWEERARLL 0.1 mol/L Tris-HCI 22 Mk (pH

7.6) TP R, FEET 600 uL 0.1 mol/L Tris-HCI
ZEuhii(pH 8.5)H; fINA 30 pL FIZEHR 30 s M
200 L 00 REL VAR 7% 2 PR S Bz ACC it 2 BT
B MBI R S S s ik, DA s F R
VERPRER) . ACC JIR SRR M 2 27 200 pL A
W FR A 0.5 mol/L ACC 20 pL JR%), F 30 °C /K
% 15 min J5, JIA 1 mL 0.56 mol/L HCI & |- JZ )i/ 5
12 000 r/min #.0> 5 min J5 ¥ F3 1 mL, JiIlA 800 uL
0.56 mol/L HCI F1 300 pL 0.2% 2,4- R4
(2 mol/L HC1 #%f#), 30 °C /K% 30 min Ji5, LA 2 mL
2 mol/L NaOH {&%], F 540 nm bW EMROEIE ., L
a- T R s o pb 2 R0 A 3 AR bR v 2T TR
R ACC WZMTEYE, BRI
NAEAET, R R R H RN ACC
ZIE R a- T R R Y BOEE R B, AN a- T
fi% umol/(mg-h) M2,
1.2.4 PGPR EHBISH RS ENE

FHEAG: 22 AR EERD T MKB IR ARG 57
Her 30 °C. 150 r/min #R¥%155% 2 d, 3 500 r/min &
L 15 min, BBV #AARFIE 1:1 A CAS Kl
(6.0 mL 10 mmol/L 7543k = H I 1R AL e 45 W
(HDTMA), 1.5 mL 1 mmol/L FeCl; 7%, 7.5 mL
2 mmol/L 71 K7 (CAS)# K, pH 5.6 Jo/K —HJfig-HCl
ZMR), FMRASIEENE 1h, I5E 630 nm AbAYI
HAE(A), PIRGEKMOG BRI ; 5 BCREF MKB
IR CAS Kl S AFRIR A1 WO B ES:
FUAB(Ar), BRERIAAINT & A A/dr, FAE#U)N, it
Py R . — B HARUE R . A/ar K
0-0.2, +++++;0.2-0.4, ++++; 0.4-0.6, +++; 0.6—0.8,
++; 0.8-1.0, +1,
1.2.5 PGPR E#H 5 il IAA EENE

L) Salkowski YA 2 7705 2 BRI RE T o G Ak
AR T 500 mg/L (A2 R 1Y King’s B IR AAR: 57
FHEFE 3 d 5, B2 mL AL 10 000 r/min 2.0
15 min, % 1 mL _F3E0 2 mL Salkowski i, =
TP TG4 68 30 min, 5E ODsy {1, LIZs
IRV IR, FFLI4l TAA XFR Y ODsso (EAERR
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HERNZR, THERRFRE Y TAA % (mg/L).
1.2.6 Z#HXIEHE PGPR FHkAIIRE R

FARARI T 2017 4 4-5 kT, ik Haesk A
FoONA BT ARR X BN R Mt |, 14
FRREigE, Tl AL 24.83 ghkg, &R
1.52 g/kg, BHfEA 183 mg/kg, BRI & 99 mg/kg,
pH {EH 5.46,

HERIEYIN R 25038 W Bk, Fli
BEHZE, 2SO0, WEMKEM TR 3%K &N
PEATRIEK A . CREAKMEEE, 28 °C ARSI
AR, fERPERN 5 d e, RO HIEA—FL
PG TR . AMEY R ERT I 1 4, b
24 4 4(KKS-6-N1,KKS-7-N7. GD3 fil GD12 4),
BANAYR 3 AR, A EE AT 10 Bk,

PEXE R IE LR BT LB Bt rp e R s
F% 24 h, G /KR T RO E ) 1x10° CFU/mL
(ODgoo 23 0.5), RFMEMR Iy 0l A r#dh, Hefhia
3 mL/bk, & ARKLFENXTIR(CK). ARZMHT
FNHSE, RS 4 d EELTE 1K, BT A
PREEEHERIE, 20 d JEWCARARI o k= B it 2
1.2.7 HiiEabE

F ] Microsoft Excel 2010 £l SPSS19.0 43
AT BHE A FE R R 2], Duncan’s #2250

LSD {47 25531 (P<0.05).
2 GRG0
2.1 4% PGPR E#BI%EE

HAD T R D R EAR R 5 5R 24 h S
(T4 R BE FARREANTE] 1 7R . KKS-6-N1 R4 4%
NHBETEZSEIR, GD3 AMsSEMFLA AR, 1M
Ay 2 BRER P TEVE W - ; GD12 B & T4 H ok
Py BB, KKS-7-N7 AR sk ks
3, 5 F W KKS-6-N1, KKS-7-N7 fl GD3 # G
FRIRANDE, GDI2 Jy GBS AR . AT s 2E AL
%t GD3 . GD12, KKS-6-N1 il KKS-7-N7 Bk 16S
rRNA B TINF, JF381% GenBank 57543l
& MH393212 . MH393213 . MH393214
MH393215. 2% (fHANESE T ) SARKSCHR
[15-16,21-23], Mg B A AL e S5 0 5 AR
AT GER 1), LHIH EzTaxon B 45 MR
A 16S rRNA FE[RBEA[RIPANE XA R (GR 2), B
2Ol KKS-6-N1 %% i Agrobacterium radiobacter (Jil
B YT, JRFR Rhizobium radiobacter, TSR
JR), KKS-7-N7 & Pseudomonas aeruginosa (Hil%k
B MUEE), GD3 & Pseudomonas hunanensis, GD12
1 Bacillus flexus (5 HH 2FFAT )

Bl 1 4% PGPR E#HHIEERSFAIET Gram L& E

Figure 1 Colonies and Gram staining under optical microscope of four PGPR strains
[E: A: KKS-6-N1 [##k; B: KKS-7-N7 [##k; C: GD3 litk; D: GDI2 itk
Note: A: Strain KKS-6-N1; B: Strain KKS-7-N7; C: Strain GD3; D: Strain GD12.
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&1 41k PGPR Bk RABRFAYE A (LHFAE

Table 1 Physiological and biochemical characteristics of four PGPR strains and relevant species

W H KKS-6- Agrobacterium KKS-7 Pseudomonas GD3 Pseudomonas GD12 Bacillus
Test items N1 radiobacter -N7 aeruginosa hunanensis Sflexus
AfbE + + I+ I+ I+ T - -
Oxidase test
Fe it + ND + + + ND + ND
Peroxidase test
TERYIK it - ND + — — ND + +
Starch hydrolysis
i)veligta - ND + + - ND _ n
Glutin hydrolysis
LYK ND ND ND ND ND ND - ND
Cellulose hydrolysis
Fria Rk I T + + ND ND + + + ¥
Citrate utilization
AR T + + ¥ N - . . .
Nitrate reduction
EE B R L ND ND ND ND ND ND = =
Methyl red test
fR S S ND ND ND ND ND ND = -
V-P test
115 | SIZ B ND ND ND ND = ND = =
Indole test
H,S 5256 - ND ND ND ND ND ND ND
H,S test
3-FAF AR A = d ND ND ND ND ND ND

Production of
3-keto lactose

i AR UK it + + + + + + ND ND
Arginine

dihydrolase

TR Z R I R il ND ND ND ND - ND ND ND

Alanine
decarboxylase
TN 2 i o = ND ND ND ND ND ND = -

Phenylalanine
deaminase
HEE ND ND F + = ND ND ND

Production of

pyocyanin

WINER ND ND + 4 + + ND ND
Production of

fluorescent pigments
5% NaCl ND ND + ND + A A ND
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(E= )
A2 + + ND ND + + + +
Glucose
R 4 4 ND ND 1 = 4 A
Sucrose
D-FLBE s ND ND ND - - + +
Lactose
TR + + - - = = ND ND
Mycose
2R s + ND ND - - + e
Maltose
D-F b A ND + + ND ND + ND
Fructose
D-2f7 b + ND + ND ND ND ND ND
Galactose
D-11 B + 4 ND ND = = ND ND
Sorbitol
D-H & A ND + ND - - + +
Mannitol
L-Falhrfiss 4 ND ND ND — - - ND
Arabinose
i + ND ND ND = - ND ND
Lupeose
D-H Tl + ND ND ND — - ND ND
Raffinose
Hih ND ND 3 ND 3 ND ND ND
Glycerinum
AR = ND ND ND + + ND ND
Propionic acid
[l ND ND 3 ND + + ND ND
Acetic acid
R A + + 4 ND ND ND ND ND
Gluconic acid
L-215% + + ND ND ND ND ND ND
Histidine
L-52 AR ND ND 3 ND ND ND ND ND
Isoleucine
e+ B - BAME; d: 10%-90%PaHABHY:; ND: AMGE.
Note: +: Positive; —: Negative; d: 10%—90% strains are positive; ND: Not detected.
% 2 4%k PGPR E#kHY 16S rRNA EE UM b3
Table 2 Homology alignments of four PGPR strains based on 16S rRNA gene sequences
LS i A AR GenBank &3¢ 5 AR
Strains Species Type strain GenBank accession No. Homology (%)
KKS-6-N1 Agrobacterium radiobacter ATCC19358" AJ389904 99.70
KKS-7-N7 Pseudomonas aeruginosa JCM5962" BAMAO01000316 99.72
GD3 Pseudomonas hunanensis LVT JX545210 99.79
GDI12 Bacillus flexus NBRC 157157 BCVDO01000224 99.93
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2.2 4 # PGPR EFkRVIRE 4514

[ Ak KKS-6-N1 2 [H E it bk GD12 A
RETEVA MRS IR AR K . TEX PR LA R BE T (W B
Pk KKS-7-N7 K GD3 AT BERE 1 9 H1E B, 435l
WE T PIRE B R R LR b T el & i B
WTCHLBE B R i o . HIE R T s
TNV P BEIR S B DA AR T S R L, KGR
VR JE AL . TR AL S T TR R I B B A T
BURSE, A5 50 DU 200 6 & R 40 i A i 77 %) TG ML
R BB R A AL, KKS-7-N7
1 GD3 BRPRIRE IR 1 Wb B 0T I Pl o A 2
{0 GD3 WfRAY RS KR (oL
BT KKS-7-N7; BERIRR R 1955 55 pH {535 5
FNFRGE 3); WIRRIR BB | BRI 0 JCHLE
A B VE R AT R S i S BRI pH (2 1A
BIFEAE S 25 R AH DG o

2B Rt FST R B, BR GD12 TR RS,
H4y 3 bR HEA SR B EE S . BAE

%3 2%k PGPR E#RBVRBEHHE

Pk KKS-7-N7 i HA ol Sl 197 TAA e
IAA PP A 101.29 mg/L; i FkE GD3 HA
VEWERRE, M E AT A2 ACC I, W iE
4 8.09 pmol/(mg-h), FREARART & LR “++++7,
JE 4 DNERR SRS EEMEER GDI12
HAM ACC B 1% =ik 14.46 umol/(mg-h)
(F 4.
23 ZRRAE

3%, 2503, e MoK AREAE 20 d 5, I
AL FR FIX BRI A K S H (3R 5) o FEX A A ff T
ISEIR J7 18, GD3 ALFRY [ S ff 51 50 e 2 S5 o 2
(P<0.05), B3 41.00%, 1fif KKS-7-N7 #1 GD12
F%) B T 1A TIN5 91 9 14.00%F11 17.00%, KKS-6-N1
X RRIAHHA] . 4 Bk PGPR #0230 M 3K IS
Ry B 14 0 4 2 (P<0.05), 250384 KKS-6-N1 .
KKS-7-N7. GD3 f1 GD12 AbBHAEEEIE K T
57.75%. 66.67%. 75.97%FH1 34.88%; Wis¢iiff e
AN 5% 83.33%. 33.33%., 100.00%71 100.00%.,

Table 3 Dissolving phosphorus characteristics of two PGPR strains

bk § 7 pH S BRI AT AR
Strains H value Total phosphorus Phosphorus in medium Supernatant soluble Available phosphate
P (mg/L) (mg/L) phosphorus (mg/L) (mg/L)
CK 5.9540.29a 32.37+7.89a 22.38+14.13a 17.8944.15a -
KKS-7-N7 3.6440.06b 307.03+£31.16b 151.52+1.12b 97.47+4.21b 79.58+4.94
GD3 3.7440.18b 341.02+18.05¢ 170.0146.75b 99.67+13.15b 81.78+4.00
TE: SR E R AR B TR A B AR, BRI RS BT RERA I N TP, AR R R AL A
] 2% 5 & 3(P<0.05).

Note: Total phosphorus is the sum of supernatant soluble phosphorus and thallus’ phosphorus. Phosphorus in medium is the sum of
supernatant soluble phosphorus and inorganic phosphorus in cell. Different letters represent significant differences in different treatment at
0.05 level.

%<4 4% PGPR EHEBMBE ST

Table 4 Growth-promoting characteristics of four PGPR strains

LS ACC & i BRI B 77 IAA &
Strains ACC deaminase activity (wmol/(mg-h)) Siderophore (A/Ar) IAA production (mg/L)
KKS-6-N1 - 1.00+0.01 -
KKS-7-N7 - 0.90+0.03 101.29+8.64
GD3 8.09+0.78 0.3140.01 -
GD12 14.46+1.35 1.9940.01 -
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Bk GD3 Ab 3B /K A 5 6 B8 3k A G 22 51 4b
KKS-6-N1, KKS-7-N7 F1 GD12 FRE k5 51135
T 11.05%. 12.71%#1 9.39%.

4 ¥k PGPR B FEXT 4 Fi VR 04K i 5% i s 2
AR 5, B 2). FSEEFR KKS-6-N1, GD3
P RR A, HORR R BE 43 B3 i 20.36%
22.85%, {H KKS-7-N7 K& GD12 H##kAbB5 75
W 45.13%F1 59.52%, HXFHRE R EE R
(P<0.05), 25 0345 GD3 Wtk G R B & 2 5H,
PR B KRl 38.23% (P<0.05); #Fh KKS-6-N1 .
KKS-7-N7 J GDI12 (A 5 34w 5.26% .

%5 A [F PGPR BEHLIER.

17.81%F 7.12%. W3RN 4 tk PGPR HHKG
X RAH LY 2 R #E %R, KKS-6-NI |
KKS-7-N7., GD3, GD12 4bBE41 435138 il 35.83% .
30.46% . 37.48%F1 15.40% (P<0.05). #HJwiH,
4 FREE AL FK AR S B BRI N 10.93% . 4.86% .
9.65%#1 15.79%, {HEFIFAE#H

M 4 H%‘l%*ﬂw&*»b%H@*&%E?&%ﬂnﬁ%
Bl 2 Af DR R AR 12 D3RR R R 3R, MR Z AL
o, EMER; xRN, R, ER
B, KX 4 RS DR AMAERK L EHA
B AR R

TR, EREKFEHEHEKIER

Table 5 Growth parameters of seedling stage of Chinese cabbage, swamp cabbage, amaranth and rice treated with different

PGPR strains
i [T i BEE
Plant Treatment Shoot height (cm) Fresh weight (g)
EE3 CK 2.127+0.135a 0.100+0.022a
Chinese cabbage KKS-6-N1 2.56040.250ab 0.099+0.008a
KKS-7-N7 3.087+0.387bc 0.114+0.007ab
GD3 2.613+0.098ab 0.141+0.005b
GD12 3.393+0.157¢c 0.117+0.013ab
253 CK 2.527+0.487a 0.258+0.033a
Swamp cabbage KKS-6-N1 2.660+0.352a 0.407+0.018bc
KKS-7-N7 2.977+0.228a 0.430+0.039bc
GD3 3.493+0.605b 0.454+0.023¢
GD12 2.707+£0.058a 0.348+0.015b
R CK 1.993+0.044a 0.006+0.000a
Amaranth KKS-6-N1 2.707+0.112¢ 0.011+0.001b
KKS-7-N7 2.600+0.060c 0.008+0.001a
GD3 2.740+0.092¢ 0.012+0.001b
GDI12 2.300+0.035b 0.012+0.001b
KA CK 13.722+0.680a 0.181=0.004a
Rice KKS-6-N1 15.222+1.057a 0.201+0.009a
KKS-7-N7 14.389+1.082a 0.204+0.014a
GD3 15.046+1.174a 0.180+0.010a
GDI12 15.889+0.395a 0.198+0.001a

e RIR RN AN R A B B {E 22 57 B 25 (P<0.05).

Note: Different letters represent significant differences in different treatment at 0.05 level.
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B2 %7 4 ¥k PGPR BRI = O SRABRRFNREDIZ S

Figure 2 Plants and root morophologies of swamp cabbage treated with four PGPR strains

TE: A-D Wbk, E-H WRIER ; MR B4 X IRAL(3 M) SAb L3 #F), b AL E iy CK 1 KKS-6-N1, B, F 24 CK
FIKKS-7-N7,C. G i CK f1GD3, D. H >y CK il GD12.

Note: A-D is plants, E-H is root morophologies. In pictures, from left to right: plants of CK and treated group (3 plants), roots of CK and
treated group (3 plants), A and E are CK and KKS-6-N1 treated group, B and F are CK and KKS-7-N7 group, C and G are CK and GD3
treated group, D and H are CK and GD12 group.

3 54 K, FEWAREE IR TR g, X5

TEVERESEVENISE S . GD3 Fil KKS-7-N7 Btk SEHTHHRE AR —3) ) D/ AR E AT LU T
B S A A 2.86 1 46700, 0 WRBEIBRAORIO, WY E 00 W SO ERG, R
ARG 9 52 F I SR W B R B A O R i A R IR TR RO A AT A R R B LAPPAS BRI R
Je2E. HEmXtE RIS, JEAE DA fEl EBERES . Pérez SELEL, IEW BRI TERE
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e 55 B IR O A 0 R PR B BR A O e 2 RO
ANFEF RGP, A B A B i
A= B R I B M A A, TR DA % R b Ry
AR VA e Tl A O L T i R A B AR )
N T BT BERAE Y A SRR SO A7 Y
AWFFEME T KKS-7-N7 F1 GD3 IR )4l &
L KRR R JCHLEE B i R VR TS e
L, KRB 2 RS IR LI RO T SN
AR 30%A A, AT 20% K IR EL 1 e R fif
17, MIEF 50%24 A7 B o 4 i s 0T H 6
B ALY o A BIF 5T 26 B 8% 5 35 v g 1R BE 114 W TR
£, ATRE S SN AN xS B B Ll , I LLEE
FRER AT SRR AR A e AN P BT ) 25 SRR
2 W% TR IAAS S WS i A 0w , AN % 5% B
W) RT PR & T AR A e s W] RE S RN R 1 A
WERE PN, WL, SRR AR IR pH (S 4
BEVREE . R R AT . K5 R RIE A AT
PERE 5 Z A AETEAR G . 2 I 5% 2 W v i o
FREFERE pH (H2Z MAAFEAE LR X 53,41
(B A — B A R R ] =8 Z A
FERRPERY, FEHRN, TRt T
BEOLIEZ 0L T8, AR Bon, Mk A
1 AR AR RS TR A LR R R R . AP
iR . WiR . FLIRSHBEREREIL pH fH, XA 58k,
B OESEE TEA T RO A R A AL
R T AR B NH, TR RS R T
5L pH {4 PR, ] e miy R m dg if
FE IR BEA R R HoS, T S8Rk T
SO T P2 A T MR IR ER P AR, BT RR
RS pH (ER D% TR, R
5580 A A LR AR IRAIRT
BROUR BARTEHI e rh B i, (AR LA R
AR AL A7 AE . 3853 PGPR 7] LA x4k
BARCEM RS TR A —kik, 5
HE P REER) Fe® BB U U A IR Bt ) %
WA, DT ECEAR P R R B FRARAL, R

WA, R O R L A T TR —
S i B A TE X SRR B IR SE S S AR
e, W RE S A A0 ] 2 Ao 2 10 R AP ik
B A= 5 T % e £ B 4 (Streptomyces  pactum) TH PR
Act12 RN E G Ser FEN S, FEARIARREZREL
PG A B S el il T R Rk A
K, XEERBLORE RS HEFFECT . o Eon
ik Pseudomonas aeruginosa TNSK2 FEREAA BT B
A AE5 53 A FH AT 75 5 DR 2 R 3 ki %o K o) 26
W Botrytis cinere (IHIHERY. BRILLIAN, ik
ALES AP M, Cd®. CutL PO ZntE
BIRET, W Be ki A g, K
1113 A SRR R o S AR 2 S A 1 42 B
AW 3 Bk PGPR HHRES EA 7 A BRI 1 e
73, JELL GD3 Mt kSRR REUA L T
A5 XS R R P B R A S H AR AR
IHEAFIE—PHSE
LIRS NIE R, MKk
il N EAKCPRI O, WA mT
B FhusoRn G I AF A AT AR N e A R i
2N, W RS S S & T 2R T,
ACC A MOIEIIHTIAYI BT, Vi AP PR E
HHA ACC IR MG, RESAL ACC 73l Al
o- T HEER LAV CAG A R, Ul 3 5 A XA )
sgmm, R & PR R TS, 1w
xR E R PR k)
IR . WEFEIRIE 24 ACC JI3 & Bfy i 1% A KT
20 nmol/(mg-h)H, I NEIR (BT R 7)1 0a = i E i
O 0 RS PR AR D, DR AR A A AR PR O3 B
B RE A7 25 55 57 P IR (Stenotrophomonas  maltophilia)
CRG-2 WA MEFEVESS , o4 324.3 pmol/(mg-h), X
A 2SO 4 T R A SR 73.13%17;
gk B A RRPAAS AR PR 2 B 2 12 RIS = T
10 pmol/(mg-h) PR, /=4 128.31 pmol/(mg-h),
HH A 6 ¥R JE T Bacillus sp., #5 FRIS HAT [F
REUREE . 20 1AA B ™. Btz b, N 94 #k
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li] ZEU P i 23 ACC RS PR e I BRI Bacillus
sp. 8134, HAMBAIEHE 9 21.98 pmol/(mg-h)*,
B CEFRGE R ZARIE N AT Bacillus sp. DD132
HtRI ACC BiZE#EPEH 15.712 pmol/(mg-h),
MR A — BT e ERBE T, RN A
BA A 2B 1 PO B I I 4 O ok 2 AY ] T
B. Megaterium 7134 PRI ACC it 2 I 6 M
21.98 pmol/(mg-h), Xf/INFAIZEHA BERAEVERRPY,
AN B R IE B8/ ACC Bt & B 7% P 10 T AR
KZRFEHITHEIR, GDI12 WRE A #A1L
W06 % %€ N Bacillus flexus, H. ACC JIii 2 i 1%
4 14.46 umol/(mg-h); RIERMIEJE GD3 WKL E
N Pseudomonas hunanensis, ACC [t 2 fitfitF 5 N
8.09 pmol/(mg-h); i & i EA fif 4 15 AL fE
GD3 i HATRER . B0 T i M kAR g U7
PR OLSE | SR RS DR R I B oE AR A A
. HEDIX 2 PRE P EE S T
TEAAIAT Y, HEFP 4 Pk PGPR RAKHEPIAR
REBROH B A F X, FR R B A AR
% . Bal MR, XIKREHERN & ACC B 1
6 TER) PGPR REHE I HEAR 224 KB, IS
NS AT i B 2 19 2 BRI IR (Pseudomonas
fluorescens) JJ8-3 H: ACC M & 1§ 7& M
6.7 umol/(mg-h), BI AR A I = Ak akik, B
DAL ST R KDY R e Bk
KBTI & (Enterobacter sp.) AC3 A [& &t . 7=
TAA FIEREARRE ST, 7MW ACC i & %
2.427 umol/(mg-h), XEEFHFFAEAE AN, Joi
PERE T MR 3R A R B VR S SR
AR BIMR R 1 H 325 81| Enterobacter sp. FYP1101
¥R, ACC BN 7.32 pmol/(mg-h), BHA
RSB . PERERIAR I TAA BB, BAEREMET
R RA T /N W i A KRR 3 Y R
(RITFE 2 I PGPR XA 28 K 1 152 R 28 5 H ACC
ARG TAA FE. LRXTHEY) A B AT
T ZE AR AR | 2 T 2K SR 0 185 R 0 i 25 )

A R 2 =R, ACC BRI T
YA IR ETIR ACC MOMEE, taklnl iR
CATXREF AR R, MR R ACC i 24 i
T AR B2 A TR A A RS PO R A
WA TEAH LT RES HARG L TAA BEIA
K, AR TIEIARTE R, AR F AR R
AN L T e o £ DAl i O 2 V.V ]
Pseudomonas putida GR12-2 &Pk, H3E FHRKE
G, A HEEMPRE AR RKF TAA B PGPR,  RISEL
AR B % B A AR B T R PY L A g
KKS-7-N7. GD3 Hl GDI12 Bk 9 HAT 70 TAA
Ko ACC ARG VE S HAFIR R L FA—3, A
KKS-6-N1 fie #EHR 5 A= KA I R AT 5T

R B4R B KKS-6-N1, KKS-7-N7 K&
GD12 H. A& sm iy [ Z RE 1, 1 A SR AE 70 ] o
12.51, 5.17, 7.02 mg %&/g Hi; GD3 & GDI12 H#tk
H G ae Sy, B3R lOh il i e 5 o)
BIATA3.97, 3.90 mg/L, MXTHALLAY3 A5 O
ARSI X MR AR PR o3 B i e 21 A4 4 #k PGPR ik
17 %058 e it — AR A AE I BESE , 45 RR BT,
Agrobacterium radiobacter KKS-6-N1 it H AT —E R
FEEREAARRE ST, Pseudomonas aeruginosa KKS-7-N7
B EAT R S BREAARRE T, AR TAA & B EA
101.29 mg/L; Pseudomonas hunanensis GD3 [ 7] fift
PRAN, HEGRIEWERES) . W) ACC iz i
{9 8.09 pmol/(mg-h), AHXEREMATEA 0.31;
Bacillus flexus GD12 BB &R 150, 43Ry
ACC Wi NFEYE A 14.46 pmol/(mg-h), FEALY)
feAIREG Y, 4 BRIEHFPRY IS . 203, BRI
P M B BRI, ARJE Tk L PGPR TE bR
M2 B e AR, HhJCEL GD3 Bk
RO SR 2, K KKS-7-N7 Fifk, X 2tk
BRI JE . WE5E R, Pseudomonas sp. &
PGPR R HEIATE, AT LLE i 2 E R
PR AR, B SCRIRE A Cd 15 YLk 1 43
F|#Y P. aeruginosa Pk Pse-w-MT 1] $2 551 S A 2K
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A g R SR B, Pseudomonas
aeruginosa VER—FP2AFESOR A, WTHETEN IR
R | RS | Be i Nk Bl VR 2R A A
H G —ANBIAR A PGPR % HAT B
MARPRIE S RE ST, AIfEHE ZFAEYI R, X PRER
4, AP, UV RS RER RIS T
KKS-7-N7 F ¥ 7 e A BRI 1 5 22 i B ) 35
Pseudomonas hunanensis & 2014 4% E K— 5
i, HBEA TR LV TR A K005 YL i 1 3
B RN ISR SE SR T 11 20 2 1%
Fh GSL-007 kA 2 Ak Mo fORE ), ST %0
PRIVSEAAE I AR ILRIE . A5, Pseudomonas
hunanensis GD3 T HAEGRMIEBHRHTERE, W
) ACC Wiz S kiAk & i, RAZUILR
AR AR R, 2Rk e A B I I A R A AL
Ro RPN K B FERE ) . & B AE ) i
— A BT GD3 RRRIIIEAENLER, F AT
RAAE YR TR AR

BUfif: RS MRFAGHFFREDIAL L
2016 B AFA KA AR IHEF RIS B TAE,
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