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Abstract: [Objective] We previously isolated bacterial strains from winter wheat habitats, now, we
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will screen cold tolerant strains from those isolates and assess their plant growth-promoting potential.
[Methods] We screened cold tolerant strains on nutrient agar plates incubated at 4 °C, determined
these cold tolerant strains’ plant growth-promoting attributes such as indole-3-acetic acid (IAA)
production, 1-aminocyclopropane-1-carboxylate (ACC) deaminase production, inorganic and organic
phosphate solubilization and siderophores production, selected strains with good potential according
to the assessment system established here, and then tested their plant biomass increase effects at
different temperatures based on bioassay experiments. [Results] We screened 34 cold tolerant
strains from those isolates. For the selected 8 strains with good potential, the correlation
coefficiency indicating coincident relationship between the assessed growth promoting potential and
the increase effect on plants in greenhouse condition was more than 0.62. Among them, 1bYB22
and 3bJN2 exhibited more than 28% increase effect on shoot weights of cucumber incubated at
28 °C, and seed bacterization with 1bYB22 and 3bJN2 also increased non-heading Chinese
cabbage’s root lengths with 116.76% and 46.82% at 15 °C, respectively. And 1bYB22 exhibited
25.11% increase effect on shoot weights of non-heading Chinese cabbage incubated at 15 °C. Field
testing of the 1bYB22 inoculum in wheat also showed significant increase in growth and yield.
[Conclusion] Through the screening system established in this study, we obtained cold tolerant P.
fluorescens strains 1bYB22 and 3bJN2 from wheat habitat isolates, and these two bacterial strains
both exhibited plant growth-promoting effect at 15 °C and 28 °C and promoted the growth of wheat
in the field.

Keywords: Cold tolerant, Pseudomonas fluorescens, Assessment system, Plant growth promotion

2645

T T B DX Ak AR A R SRR AL T IR PR
i, AV Y e 2 AR A, PR e
KAAEY AT, TR f A 0 ph e AR TR
HE PR Y B S R X A W ) i 1
FEIR A HIRVEE , BATEE EAGRA IR AR G2 1Y
FEP DRI, A R B RN S A R A B P A
FREHTE BRI SEiA AR e i
TARBR L DA RO A o A AR AR

HoBR b Ll SRR R R B AR
FAEAEWT B A Z AR, (RIS 2, IR
e e L RO e L XA R O, DA 20
M, Pandey ZEM7EEN S AR E S RUHEE B 1L
Jhk o3 B 3 T AR IR A BAT VA . RS U s
O LA B A . Negi 25 P17 B[V 3 35 24 Fir A 1 bk
Garhwal #4221 A ik S BT REAS I VE K R
AAMYREAEN . 28T 08 Bmil LT
L b, DX T 5k 200 B (4 F 9 A T P e i i
It BB B v BT A AR AR AE T, TR RE A%
SRR X A A M aa A, BRAE
W42 A 41 (Plant growth-promoting bacteria,

PGPB)" s ML ¥ KL MM R 40 (Plant
growth-promoting rhizobacteria, PGPR)"®1, A i,
Sy B A% E PGPR 5 PGPB ZE IR (5 i i
e T L D R A 2B 7 AR A IS
YL B PGPR 5t PGPB FitkfodiaE, H
YA RN R LUT LA (1) 7EKR
T [0 A W) 2R 15| Wk -3- Z R (Indole-3-acetic acid ,
IAA; (2) B3R 3R W0 (L B s, IR
AFHERERERIEN (3) SRR I )
Bemg g M @) W 1- RN kR R
(1-Aminocyclopropane-1-carboxylate, ACC) /i 2 i}
FEAR R AR R 2 & . 28 6 BB i B
(Pseudomonas  fluorescens)VE b —Fl 85 B2 1) 4= 5 41
T, AT R R A L B RGP
PR R . RS AR R S R AR A
K&, SRR YRR AR B i 70 2 7 v
I, A1 % A T A 2 —UY . Saravanakumar il
Samiyappan' > & L i (Lycopersicon esculentum) .
# J\ (Cucumis sativus) ¥ ¥k 3 Fh - P. fluorescens
92rk . P190r JE MR AR B | R A AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2646 WAEY) 4R Microbiol. China

2016, Vol.43, No.12

BE I IR LB P. fluorescens BE'E
FREEBR G A . ATIARE ST T RATTEE XN
P . IRREIE SRR I A W B iR /N AR
Bip oy B T — e s, A w st —
A I HR 0 S TR AR T BT R, A A 4 2 2 A
77, FFE R W 7 B EA T I E R ()
TR AR

1 MRE

1.1 EFERFIFLEE

24-THHHEORME . EAEER . oo TR . A il
B, CBE. AR, WA w5 A A0 4
FBRAF,

RDN-350-5C AU TAMA, THARRIGA
FRONHE]; ULT1786-4-VALERARIEVKAS , Jbat s}
B R JEA BRI A 5 Bl KV, ST AR 2 (X
PO FRA T, ZHWY-2102C [HIBFRE, F K
SRR A BR A F
1.2 iR EREIER N

853 PR P BRI AR 2R AT AR 58 TR I VL5048 Fiiey
MA/NEESTRE L RN, 22FE, ZN . 0
F. PR ABE AN, BURIET-70 °C
JEAR AR AR R LR 55 75 T LB Pk 75, 28 °C
WAk 24 h R ERET 2B FEIE AR R T
4°C K577, W% 48 h WIAKIET

Tif AR 2 e B BRI P PR AR e 535 F LB Pl
Brgekt, 28 °C 1E1k 24 h J554ET LB 85350,
28 °C. 200 r/min 5555 24 h MA T, L 1:100
FE3AE LB Bl rh ™%, 28 °C. 200 r/min 4%
24 h JGFSHERTE 4 °C. 1 818xg B.0» 10 min,
B A5 B AR C B 0.85% NaCl i Wi 2 L 4
5x10" CFU/mL =R, Fris i e
LB 5 35 W T B 5x10° CFU/mL it FH A1 360 .

It 5 2 AT 5 (Bacillus cereus) AR156 (FEFRIR
5. CGMCC No. 1929)M\IT A R 5t F Db
S bl - Ay B A, Al B ZEMAT IR (B, subtilis)
SM21 (RIS S : CGMCC No. 2058)F17b

K (Serratia sp.) XY21 (H#EMB IS . CGMCC
No. 2059) VT H 48 BT T ARAR L3 4y B3RS
I 2 ERATE . BURAE T 70 °C Y A= [ 1 1 ik
AR156, SM21 Al XY21 RILkREFET LB P+
I, 7E 28 °C K53% 24 h JaEET LB B,
28 °C. 200 r/min 535 24 h WA, LA 1:100 fiY
Fb7E LB BiRil by %, 28 °C. 200 r/min %
24 h, FRSHWALE 4 °C. 1 818xg B.l> 10 min, ¥
WS R %, 5% 10° CFU/mL J5 LA 1:1:1 ¥4 145 BBS
2Bl

1.3 THMRREREIRES 7IFE N

SYBITE 15 °C 1 28 °C K Fwilh BE 22 I
Bt T1AA, TBERZK . ACC il L IHL ., A
DIRTRES

T IAA PEMENE , TERBRIIZ 15 °C Fl
28 °C ¥ B9 T4 E i 5 mL Salkowski i7",
37 °C MR 15 min, SEHERZHERAELUIIGE
774 TAA, T3 Patten Al Glick 197 P01
FE I .

XFT PR R R IE D, PR TE S 430 A5
BT CAS PHIEFIEP E, 15 °C 7128 °C K557,
o3 B TR T o L B P

XFF ACC A BHE MR e e, FERETS
LG HEFD T SMA AR 3P, 15 °C F1 28 °C K
I, WHUEA 5 IGREETE ACC S MfE— IR 5
FiHe FAERBEMR ™ ACC AR FPER R, &
JEHE TR LI T I . RRRTE LB BRI
15 °C #1 28 °C. 180 r/min #53% 24 h, 4 °C,
8 000 r/min #5.0> 10 min, FEIAT SM BRI TEL
D2 K, SRIFHEIRETT SMA Kig#i, 28 °C.
180 r/min 353% 24 h; 4°C. 8 000 r/min &.[> 10 min
WAEREA, FH 0.1 mol/L Tris-HCI Z& ik (pH 7.6)7%
B 2 R, TR T 600 uL 0.1 mol/L Tris-HCIl
ZE R (pH 8.5); SIA 30 pL BRI IR % 30 s
DIBERRANAE; B 100 pL MBEHE 4 °C A7 H FilsE
B, HAMBRAGETT ACC I 2B I P4 D)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FAE: MR PO M B A R R g KA W e A AR A 2647

TE o HCHLEE 200 uL JA 0.5 mol/L ACC 20 uL i
A, BT 30 °C KIERML 15 min, AIA 1 mL
0.56 mol/L HCl %k, 12 000 r/min .
5min; B EJ# 1 mL fiA 800 uL 0.56 mol/L HCI #l
300 puL 0.2% 2.4- SR AR, 30 °C i
30 min; JIA 2 mL 2 mol/L NaOH #HRIR%],
540 nm MWWESCEE(E . XTHR o- T ERER bR 1fE i 2k Fr 2R
I AR i 2 S bR R TS 1 . ACC I (il
WEPEFROR Ly O RMETS, BErmikEl
/N L ACC IRZUE N o- T BRI TS IR 2L
FA N pmol o-ketobutyrate/(h-mg protein) ., i 13
Bradford He e B A&, PR MEEA N
FRUE 2R ERN £, TR L R

XA PERE S e ) ME , wbkTE AL o
AT Pikovskaya A% SR SECCHLBEN 2 )20
PSM FAIEFRIECE ML), 15 °C Fil 28 °C
FREREFE 37 d J5 43 IS TR % i Bl ) s B e

TR R GE, T W s e i PG I P AR 1
MY AW T, BARWT: L CAS .
Pikovskaya “EHRFl PSM SEA 37 B P8l Y /N )
FE TR R TR R R DL K TOHLEE . A PLBE S e )
RN, A % BN RE G L TAA . ACC Jiid
AN, W0 EVIEER 1-5 mm 505 A IAA
W 1-6 mg/L & M ACC Mt & B i 1
0-0.5 umol a-ketobutyrate/(h-mg protein), M 1 73;
W AR 5.1-10 mm 35 TAA HREE 6-15 mg/L 5§,
AR ACC M a4 0.5—1 pmol a-ketobutyrate/ (h-mg
protein), M 2 43; EHIEIHAE 10 mm DI_EsLA AL
IAA ¥ 16 mg/L DL FEiA R ACC B2 I
1 umol a-ketobutyrate/(h-mg protein)k [, W3 43 4%
THCPEAR K30 BRAS BB A A A= 08 68 o
14 FHEREKREYIRERERRE

H 3% [Brassica campestris L. ssp. chinensis (L.)

Makino var. communis Tsen et Lee cv. Aijiaohuang]
FFARIHETFE(10%LEHRIE 3 min, SREH 2%
AR ORI 5 min, 55 JCRE7KIRGE 3 1K,

BR 1 min)/FIRIEERZR T, PL0.85% NaCl %
WOAXTRE, 28 °C #fE 5 min, X5 FHTCHEKIRYE
2 W, BIR 1 min, &M A5 1 BRI
2.25%K3ENE AR b, Bt 10 KR, Ak
3R, pha EAE 3R PR ECE T 15 °C
Mk, 6 d JEMEARE, 5% 2. Kb TEF 148
B CREA =R KR AL E SR L, A AR
AR, AL 3 (ARSI S AL
TR AL & 34.87+1.56 gkg, EAE
i 84.33+10.19 mg/kg, ST HE 4.13£0.47 mg/kg,
B 529.67+£39.11 mg/kg, pH 6.64+0.08 ,
TANAEIE 1 BE45 BRYE, MorEK 3G B THIR
FiO15+1 °C Kige, JLREETR] 16 h, JEREsRE N
6 000 Ix; 1535 20 d JR AR RE T 4N T el 5 mL Pk
W, LL0.85% NaCl i xt iR 4k8i%57 30 d J5
I b bR AE

¥ JN(Cucumis sativus L. cv. Jinyou No. 1)Ffi-F
ZRMIH T IRITE R BT, LL 0.85% NaCl i#
WOAXTRE, 28 °C §fE 5 min, )5 FHTCHEKIRYE
2 W, B 1 min, 2R FTFIER T AR
35546 cm’ HY— SRR T b A O E 3R
+), ERARRE 24 BRET, MhorES 3G BTERE
2842 °C e, GBI 16 h, JSGHESRE N
6 000 Ix; 1537 15 d JEHHRE AT HEHE 10 mL
B, L 0.85% NaCl B xt il dhelhiss 15 d
Jer DN B A
1.5 THEKEE 1bYB22 #0 3bJN2 1EYRAEAE
FAH I8R5

HH () Ee i B N2 (6 22 23 5) A itiAd ), ik
B B AL T 1l AR A I U T 2 B oA O R R
(35.07°E, 117.67'N), HBFIERMIEY N EXK,
FIEFRA R A 8.40 mg/kg, B 38.00 mg/kg,
80.00 mg/kg, pH7.11,

1bYB22 Fil 3bIN2 A 43 51| LATE K B 10 1%
YRR, 2347 BBS Rkt 50 A hifh
W, TEAKAEXTRR, RN ERD T E T EIR R AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2648 WAEY) 4R Microbiol. China

2016, Vol.43, No.12

K EIR(Z 18 °C)IZF 5 min, JEH/NEMFIE
FHEHER, WAEREFRP, 17HEE 25 cm, f4bH
(1bYB22, 3bJN2., BBS Fli#EKXf BOEF 4 17,
ALFRFERN 10 m® (EFITE 10 m), ARA0EE 3 AE
2, FEHLIXIHES . /MK RS 40 cm, I 21
b B . WUBATRE ARG K, B, R
S2o IR I AR AEIA S A T IR R G A B (R
), EERR/ANEEE 10 mL, xFREZH RLSE KA
o BREEFIALERAN, 45 Ab L [a] B ()45 2 it AR
W] o 40500 H T S0 04 30 DA s BORE T A T A
AR A (. AR e R, IR
ARET S HIAES m® AR, PRI T E NS
PGB . OB BOR TR )
1.6 HIESH

T 6K Yk AT AR 40 A T A B 3R L B
NG A R T Microsoft Excel 2007 4iit4y
Mr, @E/KFEh DPS v 7.05 345 ; FEEAEYIEA: B
J1 B3 5 L BRAE A ORI A S M R B Microsoft
Excel 2007 3745,

2 ZR5454
2.1 WHEIRLE R R TEIE

DL bk 853 B/ A B o7 BY A AN AR, T
PPWECEATITE 4 °C HEEh 28 IR AR TR Ak
FRERIEN, EEGESAE 48 h NIEH LR AT
ITERE, E3RAS 34 BRITMIRIE ERRGE 1),
2.2 THEEREHKEDREERE DTN

PP TAA . ACC Bzl . WEBRR, W
PL. B HLBERE 1 I bR, 43 5IHE 15 °C Al
28 °C WEHIE T 34 BRMMGERERA ™ TAA
ACC Pz . WBRkRIGIELL g IoHL . A HLeE
e 1. 25 EM, BRARRMIBREI, WK
1bYB22 TEMFME A A IR A R, H
TE 15 °C 128 °C FRELH G U TAA 735114 16.18
36.30 mg/L; FEkE 3bIN2 7E 28 °C HEErh4 i
IAA iK29.64 mg/L, ULAh, 10 D TRARAE PRI IR
BEHHREG L TAA, 4 DHEMARES B IAA; Rtk

4aYN9 7E 28 °C HEErh & ACC Mz i 13 1
ik 1.89 umol o-ketobutyrate/(h-mg protein), 1bYB22
S A HERRAEPIFEBE IR BT P ARRE A L ACC 4L
fiti; 1bYB22 &5 8 A BAIPRAE PIRR IR B PREE v [F] B L
B ICHL . AYLEERE S, 5 D HEREA BEGE
715 4aYB2 % 10 A BHPRAEPIRRE B PREE Th AR e &
BUPERRZE o AR AU IR T R 7 355 % - Al TR L)
IR RN B A L ACC BRI IE . TAA fIHe
JE, XTI AR VS A R Ay, S5k 2
N

23 MHEEREREDREEAREIKE

AR s AT 30 TR AR AR 0 A A T 0 TEAG A5 A 1
o, HEECT S 9 AP B R BR(1bYB22
3bJN2 . 2aGN9 . 2aJB15 . 1bYBIl . 3bT16 .
3aYB8 Fil 4aT6)if rild =ik, HFF#EF 50 d
JaitTa g, ABEM 1bYB22 X E A KA
BRERAEER, RAMEEX 25.11%, Kk
3bT16. 3aYBS Fil 4aT6 WAMAVERAIE 1A 11,
% 3, B 2A); HRFTAKIUEEAR R K
T 6 d, Gt RMERE 16YB22 F1 3bJN2 AbFHLH )
FRAC B 3 XA, RTE A CRE 116.76%,
Bk 1bYBI11 . 3aYBS £ 4aTe6 ¥ A f¢41EH
(1B, &3, Kl 2B); B/RFF#Fh 25 d 5ty
RS, RIFERE 1bYB22, 3bIN2. 1bYBI1 #i
3bT16 X #RAKHAT B AEER, Pk
3bIN2 fRLERURIA 28.87%, L EERE 4aT6 BEA {4k
ERME 1A T, %3, K 20),

FET IR AR TAA. ACC s, g
BRZEVIILTCHL . AU AR T, M T PG R
48 Tl = I BT AR A A ARV T,
TRUFZRGERARNE, AT 8 AR
AR I Y S PR AL AR AR R S AR R AR T D) Z R
M, ZEREBL, T 15 °C RE H R SR
3, ZAENERECH 0.85 (K 2A); XFT 15 °C K3
JE M M HE R, M XEMERE N 083
(F 2B); XFF 28 °C = RN EIN, %MK
PERECN 0.62 (K 20),

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



A MHARIE SR N B 1 A R 5 M AR Ak A A A 2649

#1 MRERABRERERKES

Table 1 Cold-tolerant fluorescent Pseudomonads screened and obtained in this study

Bk Strains

KR Source

Pseudomonas fluorescens 3bGN4
Pseudomonas fluorescens 3aYB7
Pseudomonas fluorescens 2bJNS
Pseudomonas fluorescens 4aYN9
Pseudomonas fluorescens 3bJN4
Pseudomonas fluorescens 2aYNT
Pseudomonas fluorescens 4aYNS8
Pseudomonas fluorescens 1bYB14
Pseudomonas fluorescens 4aYNG6
Pseudomonas fluorescens 2bJN3
Pseudomonas fluorescens 1bYB22
Pseudomonas fluorescens 4aYB2
Pseudomonas fluorescens 2aGN9
Pseudomonas fluorescens 3aGN1
Pseudomonas fluorescens 2bGN6
Pseudomonas fluorescens 4aGN7
Pseudomonas fluorescens 3aYB8
Pseudomonas fluorescens 2aT19
Pseudomonas fluorescens 4aYN12
Pseudomonas fluorescens 2bJN7
Pseudomonas fluorescens 2bJN6
Pseudomonas fluorescens 3bT14
Pseudomonas fluorescens 3bJN2
Pseudomonas fluorescens 1bYB44
Pseudomonas fluorescens 3bT16
Pseudomonas fluorescens 1bYB20
Pseudomonas fluorescens 2aJN6
Pseudomonas fluorescens 1bYBS57
Pseudomonas fluorescens 2bGN8
Pseudomonas fluorescens 2bJN1
Pseudomonas fluorescens 2aJB15
Pseudomonas fluorescens 4aT6
Pseudomonas fluorescens 2aYB8

Pseudomonas fluorescens 1bYB11

T Rg/NEHR Root of wheat

TLHVINENZ% Surface of leaves of wheat
I FE/NZZEN Interior of stems of wheat
YLI/INZ TN Interior of leaves of wheat
TR/ NFEZEN Interior of stems of wheat
YLF/INZ TN Interior of leaves of wheat
YLI/INZ RN Interior of leaves of wheat
TR /N Surface of leaves of wheat
VLI INZ N Interior of leaves of wheat
TR/ NFEZEN Interior of stems of wheat
TR/ NFE I3 Surface of leaves of wheat
TLHINEZ % Surface of leaves of wheat
TLH/INEH Root of wheat

TLF/INEH Root of wheat

T /NERE Root of wheat

TLI/NEER Root of wheat

YL/ INZT 3% Surface of leaves of wheat
TL7/INFZ Ml 1+ Rhizosphere soil of wheat
YLI/INAZ RN Interior of leaves of wheat
FG/NAZZE N Interior of stems of wheat

I FE/NAZZEN Interior of stems of wheat
TF/NERLFE 1 Rhizosphere soil of wheat
TR/ NFEZEN Interior of stems of wheat
TR/ N3 Surface of leaves of wheat
W Fg/NZ ML £ Rhizosphere soil of wheat
TR/ N Surface of leaves of wheat
VLI INAZZEN Interior of stems of wheat
TR/ NFE I3 Surface of leaves of wheat
F/NERE Root of wheat

TR/ NFEZE N Interior of stems of wheat
TLHvINE 2558 Surface of stem of wheat
YL/ NZ R+ Rhizosphere soil of wheat
TLI/INEZN3% Surface of leaves of wheat
TR/ NFE I3 Surface of leaves of wheat
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Table 2 Plant growth promotion attributes of cold tolerant Pseudomonads at different temperatures

77 ACC A/ rrilvsm TCHLBAR it A LB i TRREHRR TR AE RS Ty
(L7 ACC deaminase IAA Inorganic phosphate Organic phosphate Siderophores Assessed growth
Strains production production solubilisation solubilisation production promoting
28°C 15°C 28°C 15°C 28 °C 15°C 28 °C 15°C 28°C 15°C potential
1bYB22 1 1 3 3 1 1 2 2 0 0 14
4aYB2 1 1 0 1 0 0 0 0 3 1 7
2aGN9 0 0 1 0 2 1 2 3 1 0 10
3aGN1 1 0 0 0 0 0 0 0 3 0 4
2bGN6 0 0 0 1 1 1 0 0 2 0 5
2bJN7 0 0 1 0 1 1 0 0 3 1 7
2bJN6 0 0 1 0 0 0 0 0 0 0 1
3bT14 1 1 1 1 0 0 0 0 0 0 4
3bJN2 0 0 3 0 1 3 1 3 0 0 11
1bYB44 1 0 1 1 0 1 0 1 1 1 7
3bT16 1 0 1 1 1 1 2 3 2 0 12
1bYB20 1 0 1 0 1 1 0 2 0 0 6
2aJN6 0 0 0 1 0 0 0 1 3 0 5
1bYBS57 1 0 1 0 0 0 0 2 0 0 4
2bGN8 0 0 1 0 1 1 0 0 1 1 5
2alB15 1 0 1 1 1 2 1 2 2 0 11
4aT6 0 0 1 0 2 2 2 2 0 0 9
2aYB8 1 0 1 1 0 0 1 1 3 0 8
1bYBI11 1 0 1 0 1 2 1 3 2 0 11
4aGN7 2 0 1 0 2 2 1 0 0 0 8
3aYB8 2 0 1 0 2 2 1 1 0 0 9
2aT19 0 0 1 0 1 1 1 0 3 1 8
3bGN4 0 0 0 1 1 1 0 0 2 0 5
3aYB7 1 0 1 1 1 0 1 2 0 0 7
2bJN5 0 0 0 0 1 1 0 0 1 1 4
4aYN9 3 1 1 1 0 1 0 1 0 0 8
3bJN4 1 0 1 1 1 1 0 0 2 1 8
2aYN7 0 0 0 1 0 1 0 1 2 1 6
4aYN8 0 0 0 1 0 0 0 1 2 2 6
1bYB14 1 0 1 1 0 0 0 0 3 0 6
4aYN6 2 0 0 0 2 2 0 0 1 0 7
2bJN3 0 0 0 0 2 1 0 0 0 1 4
2bJN1 1 0 1 0 1 1 0 0 0 0 4
4aYNI12 1 1 1 1 0 1 0 0 1 1 7

T BABEBERRES N JAA & ACC RS, W0 2; B AR 1-5 mm S5 JAA WREE 1-6 mg/L Bia i ACC LM 1
0-0.5 umol o-ketobutyrate/(h-mg protein), W& 143; BB EAE 5.1-10.0 mm 54 AL IAA W 6-15 mg/L sl ACC i = BHEPE
0.5-1.0 umol a-ketobutyrate/(h-mg protein), MK 2 43; BB EAE 10 mm DL A K IAA WRE 16 mg/L VL E8iA i ACC B4 i Gk
1 umol a-ketobutyrate/(h-mg protein) A |, Mk 3 43

Note: The in vitro biochemistry activity was graded with 0, 1, 2, or 3 based on the diameter (in mm) of the semicircular hyaline zones: Grade
0, no antagonism; Grade 1, 1-5 mm; Grade 2, 5.1-10 mm; Grade 3, >10 mm. The ability of synthesizing IAA was graded with 0, 1, 2, or
3 based on the concentration of IAA: Grade 0, no IAA; Grade 1, 1-6 mg/L; Grade 2, 6—15 mg/L; Grade 3, >16 mg/L. The ACC
deaminase activity was expressed as pmol o-ketobutyrate/(h-mg protein) and graded with 0, 1, 2, or 3: Grade 0, 0 pmol
a-ketobutyrate/(h'-mg protein); Grade 1, 0—0.5 pmol a-ketobutyrate/(h-mg protein); Grade 2, 0.5—1.0 pmol a-ketobutyrate/(h-mg
protein); Grade 3, >1 umol a-ketobutyrate/(h-mg protein).
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1bYB22

1
Control Contro

Bl 1 WHEBE# P. fluorescens 1bYB22 35 R0 E AR E/ER
Figure 1 Growth promoting effect of cold tolerant P. fluorescens 1bYB22 on no-heading Chinese cabbage and cucumber
under greenhouse condition
TE: A SRR T BURAIE; 11 #5408, B: RPN HERT. 1bYB22: itk 1bYB22 AbFI4L; Control: XIHHZL.
Note: A: Seedlings in greenhouse condition; I : Seedlings of cucumber; II: Seedlings of cabbage. B: Germinating seeds. Seedlings of

1bYB22-treated (1bYB22) and control (Control).

*3 MREBREEEEREERE T ERMNERNEEER

Table 3 Growth promoting effect of cold tolerant Pseudomonads on no-heading Chinese cabbage and cucumber under
greenhouse condition

GES Ml

TR THK

A Shoot weight of non-heading Chinese Root length of non-heading ﬁ}i[&i{ﬁj:%{iﬁﬁ
Treatments () O Shoot weight of cucumber (g)
1bYB22 6.17+0.99a 3.75+0.24a 4.31+0.76a
3bJN2 5.2240.93b 2.54+0.30b 4.33£1.16a
2aGN9 5.14+0.64b 2.08+0.28bcd 3.64+0.62bcde
2aJB15 5.13+0.52b 2.42+0.28bc 3.60+0.42cde
1bYBI11 5.08+0.58b 1.55+0.27def 4.22+1.06ab
3bT16 4.88+1.41bc 1.84+0.21bcde 3.9940.51abc
4aT6 4.84+0.87bc 1.33+0.22ef 3.2840.66¢
3aYB8 4.41+0.62¢c 1.42+0.28def 3.96+0.63abcd
Control 4.93+0.85bc 1.73+0.24cdef 3.36+0.74de

TE: BUE A TEbRER, ARTFRFIRAEIRITE P<0.05 (1 257K T 22 54k 2 (LSD test).

Note: The data are the averagestSD of three replicates. Values with the same English letter within the same column don’t differ from each

other significantly according to Duncan’ s test at £<0.05.

2.4 THEEE#k 1bYB22 #1 3bJN2 Xf/)NEHIH
E{RE1EFH

Sy /N T R RO G T
IR B AR A R AR AR5, T R 1bYB22
3bIN2 X/ R T R AEE R, TRk

ZH/NZERE AR S, T SR E A R B
X4, HEZE5SFZ2R A/ BBS (Kl 3A,

£ 4); BT EREARAMER, HEBCRA R
., SR BBS HIRIE T B E ML ARCR (K 3B,
4y, WEr-mREFEH, WGRFE L BBS A
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2 fHREREMERKREYIREERSIRER D Z BRYHEX M
Figure 2 The coincident relationship between the assessed growth promoting potential and the plant growth promoting effect
on non-heading Chinese cabbage and cucumber
T A B3P 15 °CIREFIRMTESE, AHXARECK 0.85; B: AR I 15 °C BRMTFRMT, MHCRECY 0.83; C: 14 28 °C il %
BFREIR, MSCRECK 0.62; B Zhi e A R (%).
Note: A: The biomass increase of non-heading Chinese cabbage in greenhouse condition at 15 °C, and the correlation coefficiency was 0.85;

B: The root length increase of non-heading Chinese cabbage on Agar plates at 15 °C, and the correlation coefficiency was 0.83; C: The

biomass increase of cucumber under greenhouse condition at 28 °C, and the correlation coefficiency was 0.62; Data labels indicate the plant
growth promoting effect (%).

CK  3bJN2

CK BBS
B3 MHERERSNEHEBEEEER
Figure 3 Growth promoting effect of cold tolerant Pseudomonads on wheat in field
: AL B: ARREREAR/NEL®; C: /NERE 1bYB22: Ttk 1bYB22 Ab#I4; 3bIN2: bk 3bJN2 4L#141; BBS: BBS L
AEERA ;. CK: WK B

Note: A, B: Wheat seedlings at different stages; C: Wheat ears. Seedlings of 1bYB22-treated (1bYB22), 3bJN2-treated (3bJN2), BBS-treated
(BBS) and water-treated (CK).
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A RARRER . BRI, TR, f m® ARG
KB e AR, (HRCRERA B3
Pk 1bYB22 1 3bIN2 20513577 0.58% . 0.19%, {XT
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3 ZigHitie

A 5T N /INFE A 15 43 A T P R ) T 3 3
34 PRI BRI, 82 G R AR 0 i A 1 o A
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Az SE R N B T IR PGPB P. fluorescens
1bYB22; H IRHRIE 1 M/INZ2 A B i e AP A
1% PGPR/PGPB, HAth>eFifit{kii: PGPR/PGPB i+
T AR TR B A 11 (X 2225260,

AR, A asmeERKE Tl ™, 7]
A R AE NE R FH o % T i b DT
i 12 EL A A ) AR 2B A T A RS I i 2 ) A AN ]
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A YrRE S AR RSO, N2 A B AR
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PRAF IR A Py 0 SE A b, SR S RE Y
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RGN 34 PRI AR L S 8 ALk
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TR AR (R 1, 3£ 3), HH. 8 ARG
PR 1Y) it 2 A RO 5 A A A 0 0 A5 g 22 1)
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RO AR, X R R b DX RO AR 7 R T
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