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TC2-12 & TC_LDRI7 & (R SEERIFYICEASHME - FAMBE - FEMaE - #
M FRRIETD) 24 B TC2-10 J TC2-1 FFRHE IR TS0 38%3EH Bt -
370 R 134%3t EEFERL T TC2-12 & TC_LDRIT BHRT (RAESEHR (6 72 A RO
AHN 41% ¢k & 88%3t L)  TC_LDRI4 & TC_LTF4 BHPTHERT R 458k EIEE
HEKERET 2 2 BRI 25% K B 3% L BAR) - 11 TCSF7-6 bR
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Fst& ¥ The Intergovernmental Panel on Climate Change (IPCC)/ M £ EKEE FFFi8EEs 2k
FOREE TEAbAT BT 1.5°C B2, > 2B RIEEBTECR 0l 2 iRER - Ml KSR H = iy B
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PRANES » SRORLSREN I AT AR B BRER SN - (S22 2820 B NOHARE - i S L R SR P B2
SRR RE - R BB RN AR RS AR A B R AIR 7 - BRI RN s R SR
VR TEEG 2 [R5

MY 4 & 2 R4 (plant growth-promoting rhizobacteria » f§f# PGPR) BE3% i %l
TEYIARGE(Gray & Smith, 2005) » H %2 HAY Ry (R Y4 & KB BE VIR DU e = BT - $27HE
VEVIEE - 2 2F 05 B E 3 K& H82 2 fE(Compant et al., 2005; Gray & Smith, 2005; Glick, 2012;
Ahemad & Kibret, 2014; Gouda et al., 2018) » HREFHNEHE © (1) ELNHEEYIHE  WAERR
(Spaepen et al., 2007) ~ #ff5r31ZZ(De Garcia Salamone €t al., 2005) ~ 7% (Glick et al., 2007) ~ #F)
#(Kang et al., 2008) [/l (Shi etal.,, 2017) 55 (2) MHIERIE P AL » 404k A4: 2L ]
% {F 3 (Bashan & Levanony, 1990; Rosbrook & Reddell, 1995; Ma et al., 2003; Shridhar, 2012) ~ E4=
#8 H (Kloepper et al., 1980a) ~ /AR IR L EE (Oteino et al., 2015) FIE & EY/E (Liu et al., 2012;
Setiawati & Mutmainnah, 2016) %% ; (3) IR E(LEY AW K EEEEFYEBurd e al., 2000;
Belimov et al., 2005; Reed et al., 2005; Braud et al., 2006) ; (4) EBEWYT = £ dE 4 Yt
(Siddikee €t al., 2011; Ngumbi & Kloepper, 2016; Ravanbakhsh et al., 2017) - fE##ENERE © (1) B4
HAYE » W94 % (Raaijmakers et al., 2002; Beneduzi et al., 2012) ~ 47 fi# % 2 (Kamensky et al., 2003;
Islam et al., 2016) ~ 552 (Prieto-Samsénov et al., 1997) B & 14H3HEEEY)'E (Santoro et al., 2016) 4]
YR F AR E s A & 5 (2) BUAEY)IR R 8 A= Vi 3 8 7y 54 & & fir (Kloepper et al.,
1980b) 5 (3) FHE AL IETURIEAYE 4 (Van Loon et al., 1998; Beneduzi et al., 2012) ; (4) 4-fidims 5HE i
R B 2 B EUR N F-(Toyoda et al., 1988; Zhang & Birch, 1996) = DL{3: PGPR %R A Edt
I ek 25 S T AL » AT AR B R B R e 2 HN B B YR B e e Ay S S 1 N R R
S (Gul et al., 2023) «

Ry R R E Y R RSN 28 AR B BRER . T EE R e ) 2t
PG > 57T TAA 2GR ~ ACC deaminase JEIE ~ [EEAEST - IR CUEME ROBHERE 134T >
Fifi 58 A] (e A EE SR EY) AR & B aT R RS UK R 11 2 D) -

MEHERTTA
— » EMHRB D HEMER B
AT VIR R B P TS TR0 e SR RA R AT bR AR 898 e 22 A I BB TEEID It
AR > HU10 g TIEEEATNA 90 ml EEVKd - REFRIFHERERZ0R T 30 min > {R4FHT | ml
EIFRREIIA 9 ml FEEKeP  (RFFFIFFESE 107 K07 > et 107 ROTHUEE 100 pl » #5524

nutrient agar (NA) E58&%k(Difco) b > 1t 30°Caimff o ~ SOCIERET MR 3 K > HrHEH 80 fRE
PRI T BB IR ER-30°C HI R FE T - FriSEREUREE R -
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= EMHRBAMENERZ 2 FHRE

REERE-30C HIREFE T - DEEGUITEN NA 88A L 1?2 30C ~ MOBIRIRR T4 2
REREZER » PREE—F % B 5 ml 2 Luria-Bertani (LB) 52&EL(Difco)d » 2 30°C ~ LIRS
B0 DL 150 rpm B AR 2 5235 24 hr 1% 0 FI|F Tissue & cell Genomic DNA Purification Kit (GeneMark,
Taiwan) filffUHAZEL DNA - 2% Weisburg et al.(1991) Z BRI EIT > AT © [ talEkZ
DNA F[H5 ¥ D1 (5'- CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG -3") / rD1(5"-
CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC -3") A SensoQuest LbCycler 96 (SensoQuest
GmbH, Germany) 71T PCR i - SZIERRIFF ¢ BEmAEEGHE R 20 ul » AE DNA 5k ~ 1X PCR
Hot-Start Master Mix II (GeneMark, Taiwan)~250 nM 5 [ T-3f K i 7K > JE & 1840 95°C K2 10 min»
FEEARIFLL 95°C K 30 sec ~ 55°C I 40 sec o 72°CJZJE 2 min > |ift 3 BRI EEAF 30 ({5
B L 72°C K 10 min - BIEFTS 2 B2 R BELL 0.5 X TAE buffer B 1% H55EHETY Mini
prol50V power supply (Major Science Co., Ltd., Taiwan) L 100 V BYEEERESTEE K HT » A
Bioman 100 bp DNA Ladder (Bioman Scientific Co., Ltd., Taiwan) fZzF 537 A/ » BBEEELK SafeView
DNA stain (GeneMark, Taiwan) Z&f57% > LI E-BOX CX5 Edge Gel Documentation Imaging (Vilber
Lourmat Co., Ltd., France) Uk 52150 w2 H AL 1 Be (e = R E PR AR A =] (Tri-l
Biotech, Taiwan) [L5|F¥f fD1/D1 F| %S B 81 E 7 (ABI 3730 DNA Analyzer)#E{TERE @ Fif5
¥l %11 2 National Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov)
L BLAST 2.0 (Tatusova & Madden, 1999) 7 f2 Ui 1 T4 B[R > A ) B bR ¥ -
= » 3-indoleacetic acid (IAA)H & B E %3 A7 RIES

5275 Chen et al.(2010) 2 A BRHEST - RFILENERA IS JEIRHEE 2 & 1 mg/ml tryptophan 2
nutrient broth JFEEFFE R > 2 30°C ~ MEEIBEREE T 0 DL 150 rpm BEHBEEE 23 24 hr 1% > DL 8,000xg
e 15 min e B 1 ml _EJFRNIA 4 ml 2 Salkowaski reagent (57% (w/v) H,SO,4, 9 mM FeCl;+7H,0) »
SREH A% RS o T 30 min > A643HT 540 nm ZIROG(E - BHIEAE R | ml RBEFERFERD 4
ml 7 Salkowaski reagent » 1k 3 EE7E ; 5520 IAA B8 0 mg/l~ 20 mg/l ~ 40 mg/l ~ 60 mg/1 ~ 80 mg/l
J2 100 mg/l 7 TAA 778 » B/ FREAE A 4R DUEHA 540 nm EAE Ry TAA R -

+ 1-aminocyclopropane-1-carboxylate (ACC) deaminase ;&% 534785

B2 Lietal (2011) 2 B ERHEST - R A JEER REES LB irg ik » Bt 30C »
FEOCIRERIE T > DL 150 rpm $HEREE 2 iﬁ% 24 hr 1% - AU 2 ml R EL 10,000xg B RUXERICER) > A
DL 1 ml 22 DF £2%5(Gupta & Pandey, 2019);5%E 2 %% > DL 2 ml £ 3 mmol "' ACC 2 DF k2 5%
FREN 30°C ~ SOLIERIE T - B 150 rpm SRR AR E 24 hr - HU 1 ml EIREL 10,000xg B (0%
URZHY 100 pl |=777% 0L DF 5k 10 (& #ffE - HL 60 ul #ikii 2 96 FLEEH FHIA 120 pl 22 ninhydrin
IR (0.42% (w/v) ninhydrin, 0.0125% (w/v) ascorbate, 50% (v/v) ethylene glycol, 0.5 M citrate buffer,
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pH 6.0) - £ /K - 30 min 1% > FRRCRAAIZ =00 - BN ER 2 EOE(E  KIER 2 BEH
R i B 1R B A ACC deaminase J& M - S5k 3 827 -
A~ BREMEMTAIE

Bt E R P R4 TR BEfE Y modified Jensen’s medium (Sulistiyania & Meliaha, 2017) F »
307C ~ fEOCIEREE TREE 5 K  BIZES MEREENEEE(LEY - EhskaEBE ORI RIE
[ > BBk 3 A IEAh BHEEEE R DNA DL5[F-#f nifHF (5'- GGCAAGGGCGGTATCGGCAA
GTC -3') / nifHR (5'- CCATCGTGATCGGGTCGGGATG -3') $1¥} nifH FL[R#E7T PCR H41lE » [ FEME
Ry A LAEEETRE B 20 ul > A4 DNA 55K ~ 1X PCR Hot-Start Master Mix IT ~ 250 nM 5 [ -] & fi:
B7K » 5Ll 95°C K JE 10 min » HEERIFLL 94°C K JE 60 sec ~ 57°C K JE 60 sec Kz 72°C [ 60 sec »
bl 3 PR EE T 30 (EEER - ff& DL 72°C K 10 min ; BYEFTES 2 i 5 Bl 0.5 X TAE buffer
B 1.5%IBASEER LTI - BIESE A 4 270 bp Z 54 -

78~ #R$# 5 H (siderophore);ETE AT AR

R BEE A IR JEER PR Y CASA 555 (Schwyn & Neilands, 1987) | > 2 30°C ~ LR
BN ERE S K& BEEEREN Z RN EE EEE S = CER - R RS A E = O RER
ZHEMEREFER » STEMERAE (relative diffusion, Rd) » Rd = (E% HE & ORIR 2 HIE-EF%
ZHEHRERZER GRS EE -
T~ BEBUEME AR

FBE R PRA RS JEER £ modified NBRIP 585k (Nautiyal, 1999) F » 72 30°C ~ i eHRER
BN EE T KM% BIABEEN WK AT RS R EE A ELER - 2 EE R B RESE
1§ > StHEAEE b {E(relative clearance, Re) » Re = (EiE AEELEZ EEA-EE 2 BER)/EEZE
& Rk 3 EE -
N\~ DEREESREE N HTAIE

Fe B HIE R 4> fif % 22 (Cheng & Yang, 1995) ~ 25 [1'8 53 if ¥ 2 (Sacherer et al., 1994) ~ 484EZ 5
fiF i 22 (Magnelli et al., 1997) ~ 6T 'E 77fi#liZ 2 (De Boer et al., 1998) g4 fiflF 22 (Suzuki et al.,
2001) ZEFEAL - R IR JEER FE A Y L AL b - i 0°C ~ SRHRERET N - (RERDH]
aRME - EEE RN E 5 K MBI R K& T E R NEEE 7 K& 77
BIHIE > il (E R B B8 B e o A 2GRS 8 5 K12 A 2 ml 2 0.3%BER A -
FRFE S min %77 BIHIE 7 (F RS 2 B RS EAR © SR i RO E 5 K& A S ml
2 0.1%[MISRALALF] - FE 5 min & LA 1 M 2 NaClIEROE LRSS G 2 MIRATAH] - fig o IHIE 5
fir e e B REE B - Rl ER 3 B HETBEAH S AL {E (relative clearance, Re) °
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U~ BEfHEENDHEMERIEER L RSB R MHE KT IE R SR
(AEYIER e A EEER B 54 538 5 olig
R TAA & REETS) > TC2-10 ~ TC2-11 ~ TC_LDR14 ~ TC_LTF4 K TCSF7-6 5 5 #REMF]
FARSEIRHEEY LB B Ay » BEIL 30°C ~ FOCHEREE T » DL 150 rpm R 2% 48 hr {2UY
SR o RN GEER 3 SRR TR BRAAEEE Ll 5 MREPRFTELMR 2 100 (SRR @ iRIA
YigeE 10ml > AP 3 B8 - T EE 20 Pk WIRAHAIEDUKERERE - 968 7 KE 1 0 3
FERE 3 BRI HISEE SRR 7 K) ~ HRE (TR 7 K - 14 REL21 R) ~ FEERGERE
% 21 K) R FERE E(FETETE 21 K) -
(YR R EE SR A Rl
R TAA & REETS) > TC2-10 ~ TC2-11 ~ TC_LDR14 ~ TC_LTF4 K TCSF7-6 &5 5 #RE A
FAREIRHEES LB B » EIL 30°C ~ FOCHIREE T » DL 150 rpm R 25545 48 hr {2UY
EHEH - AEBZEYREEKEE - AEREE - AEREE - 0¥ - ARAEXTF 6
TRV R4l @itg 7 REALGZE Ll 5 PREMRAT LA 2 100 (SRR - R TE Y2 100ml -
TR 3 EE > GEE S v WIRHAEDUKRERSE - G0R 7 K 1 1> 308 3 X %58
3 JORFE T RIET RIERETER 8 - PR Rt EEMEMRE R -
()Y EIRIE R SEEK S /K e
# TC_LDR14 ~ TC_LTF4 kz TCSF7-6 % 3 FREAHRA RS TEERFEAENY LB Bk - EY 30
C ~ SOLIRIRE T » DL 150 rpm SR 2 48 hr (RUTEEH ] - ASBa 2 (Y R A &5ER 5 32 -
Rt A% 7 REGEEE Il 3 PRERATELEE 2 100 [EFRER - SPRIEYZEE 100ml > R
3EE  FEE M HIRARAEDUKRERI - G0 7 RFE 1 20 330 3 0 A% 3 X%
AT RigAK 3 K /KIHIFR S B4 RE UK 7 Koy plsHEZER 80 he Rt EEERE & -
(1) B B FRE e VIR R (R AR 1 3 4 el
REEEERES) 2 TC2-12 J TC_LDR17 EHRA A EIR S LB 51 i » Bt 30°C - fi
JEHERET N 0 DL 150 rpm fEAE RS 48 hr (RULEHH] - Al 2 (EY) REEER D2 - 4TS
@& 7 RERAREEE Ll 2 PREPRFT S 10 f% ~ 50 % e 100 fEMRER » SRt Y58% 100ml -
TR 3 EE > GEE S v WIRHRAEDUKEERE - G0R 7 K 1 1> 308 3 R (%5
3JRFE T RIg RIERETEER 8 - PR Rt EEMEMRE R -
+ - EFMA
EESEIEFI A SPSS12.0 #AS#ETT one-way ANOVA analysis » F|[ least significant difference
(LSD) test #E{ TEIELLEL » 45T EDA p<0.05 R EBZEZR -
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AEaiE T3 B 80 #RERE » 3 AlHETT TAA A EHUENE « ACC deaminase J& 14 i & EE
MRS B 7 AT TE TR > 4> Bl TC2-10~ TC2-11~TC2-12~TC_LDR14~TC_LDR17 ~
TC_LTF4 % TCSF7-6 (FF—) o Hf 6 £RE TAA & &ROEME > 4758 TC2-10 (19.38 £+ 2.36 mg/L) -
TC2-11 (17.05 + 1.32 mg/L) ~ TC2-12 (1.55 + 0.32 mg/L) ~ TC_LDR14 (48.64 + 3.51 mg/L)  TC_LTF4
(53.00 = 0.48 mg/L) &z TCSF7-6 (5.33 £0.46 mg/L) ; 4 £k 2 ACC deaminase JEM: » A FER 2 BEE
HE SR Rk tEE - 435k TC_LDR14 ~ TC_LDRI17 ~ TC_LTF4 K TCSF7-6 ; 2 MREESEME
AR E E R R R B sk e B - HATHEIE S 270 bp Z nifH | B > 73Rl Fs TC2-12 K
TC_LDRI7(%7) » DL 16S rDNA #%F% 5 BEf e Hop sty - S48y TC2-10 K TC2-11
Gottfriedia luciferensis~ TC2-12 £ Massilia sp.~ TC_LDR14 §z TC_LTF4 £ Brevibacteriumiodinum -
TC_LDRI17 %5 Achromobacter xylosoxidans ~ TCSF7-6 £y Streptomyces thermoviolaceus (—) °

T~ AWFTEE I Z A YIEPR R 168 rDNA BRI 51 E 45 5%
Table 1. Strains used in this study and the results of 16S rDNA sequences analysis

16S rDNA
Strains Sources Identification Identity(%)
TC2-10 Soil sample from Xinyi Gottfriedia luciferensis 99.79
TC2-11 Soil sample from Xinyi Gottfriedia luciferensis 99.79
TC2-12 Soil sample from Xinyi Massilia sp. 99.93
TC LDR14  Soil sample from Lanyu Brevibacteriumiodinum 99.58
TC LDR17  Soil sample from Lanyu Achromobacter xylosoxidans 99.86
TC LTF4 Soil sample from Lanyu Brevibacteriumiodinum 99.24

TCSF7-6 Fertilizer sample Sreptomyces thermoviolaceus 97.82
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2 T BRI BB TR 2 IAA AL « ACC deaminase ~ EIEUENME - IR 1 E M ROAHEE
Gariny
Table 2. 3-Indoleacetic acid (IAA) production, ACC deaminase, nitrogen fixing activity, siderophore
production and phosphate solubilization of seven strains with potential for stress tolerance

Strain IAA ACC Nitrogen Siderophore Phosphate
production deaminase fixing production solubilization
(mg/L)
TC2-10 19.38 ¢' 2 — 0.68 ¢ 0
TC2-11 17.05¢ — — 071 ¢ 0
TC2-12 1.55¢ — + 0.18 ¢ 0
TC LDR14 48.64 b + — 0.44 cd 0
TC LDR17 0 + + 231b 0.75
TC LTF4 53.00 a + — 0.57 ¢ 0
TCSF7-6 5.33d + — 531a 0

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.
2+, positive for ACC deaminase or nitrogen fixing, —, negative for ACC deaminase or nitrogen fixing.

Z s mEEREMETAIR
RFEMHEEE 12 7 BREMRDL CASA B2 AN E N /EY: - BEmBER /&2 BRI E
EEBEEAEOER  SRES 0 6 MRERE HIEERVEM: > Rd HEE S 0.44-531 > Hel)
TCSF7-6 jEMEfR{E » Rd fH & 5.31(F ) -
= BBEEMS TR
BBz 8 12 7 BRE R LA modified NBRIP REEROHEUAREEM: - BOABE &M 2 BRI E
WEEEAE(EE  SEEUR > /& TC_LDRI17 BB EM: » Re{H A 0.75(FR ) -
~ EREEZREE N AITRIE
B EMHETE 12 7 BRER o BIETT Ry ~ '8 - B4R - % T 8 ME R T HEL
KRR E REIREZ BB - S5REr B ol R 2 iEMEDL TC2-12 7 > Re {H 5 2.58
BB SRS EEDL TC2-12 55 Re B B 0.83 ; & TCSF7-6 B4t 2/ iR Zs  Re {H 5 3.31 ;
HEHG o iElE 2= 2 JEMEDL TC2-10 fzrm > Re {B Ay 3.07 5 it5K 6 BREIE S R B T E o iE R (FE ) -



8

EEEEN RIS — N

R= T HREMEE IER . 5 TR REREE 2 53 fRRE ST 53T

Table 3. The degradation activity of 5 enzymes of 7 strains with potential for stress-tolerance

. 1
Relative clearance

Strains Amylase Protease Cellulase Chitinase Lipase
TC2-10 0.40 ¢* =3 — - 3.07a
TC2-11 036 ¢ — — - 298 a
TC2-12 2.58a 0.83a — — 0.66 b
TC LDRI14 — — — — —
TC LDR17 _ _ _ _ _
TC LTF4 - — — _ _
TCSF7-6 1.23b 0.29b 331a — —

! Relative clearance = (Diameter of hydrolysis zone — diameter of colony) / diameter of colony.

2

Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

3 Indicated no hydrolysis zone production.

A ~ EfMHRBE D HENER(EE R R RSB R EK SIS

(Y ERIE R SE3K 34 3 B ol

FEFHE TAA A& AE S22 TC2-10 ~ TC2-11 ~ TC_LDR14 ~ TC_LTF4 J; TCSF7-6 % 5 MEE%
P hE = Sl A P o3 R BN GE3K 1 ST ARSI BRAG S E A 3R » ERE 1 ]
33 K W RE IR A IREEER 7 K) - the(EiEER 7 K - 14 KREL 21 X) ~ (2R
1% 21 R) Rt FEREE S (RE R 21 K) » 45 5REUR » SRR HRAH N5 R A S R AR A e A
HAEFESL - {8 TCSF7-6 3k St R EE BB TRAH B & - IR 21 Rorhil Ry 9.08
em Jz 0.61 g - AHESEIRZE 73 BB AN 25% Fe 79% (R ~ [El—) -

I ~ 5 PRE TAA S ARAE D EIREEE A 458K 0 2 2 4h e S Al Bied R

Table 4. Results of 5 strains with IAA production activity treatment on bok choy in seedling growth

experiment

Treatments Seed germination (%) Seedling survival (%) Weight of above-ground (g)
Control 97 a' 100 a 0.34¢

TC2-10 100 a 100 a 0.38 bc

TC2-11 100 a 98 a 0.39 be

TC LDR14 98 a 100 a 0.36 bc

TC LTF4 100 a 100 a 0.46Db

TCSF7-6 100 a 100 a 0.61 a

1

Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.
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. 7dpi
3 14dpi "

Plant height (cm)

Control TC2-10 TC2-11 TC LDRI4 TC LTF4 TCSF7-6

B —~ S PR R TAA R & RlRE 1 BRPRIR B R GHEK 0 32 2 4l 38 B skl - D B2 B AR s (WA P e -
ERE 1 0 33 0 MR ERELHAREERS 7 R ER S 2SR -

Fig. 1. Results of 5 strains with TAA production activity treatment on bok choy in seedling growth
experiment. The microbial agents inoculated after sowing by once a week for a total of 3 times,
and the plant height was recorded at 7-day intervals post inoculation (dpi). The values represent
the mean of three replications and error bars represent standard deviation. Statistical analysis by
LSD (*p < 0.05) was applied to compare the plant height between the treatments at the same dpi.



10 EhEE N RS R — N 8

(DAY ERE BT EY A Rl

JEFH B TAA 4E &R AE S22 TC2-10 ~ TC2-11 ~ TC_LDR14 ~ TC_LTF4 K TCSF7-6 % 5 #kEitk
i = R VBRI oy BIRR B P AR T~ REEEKEE  REEFREE - B A% - AR EE
6 TEIEY) R 4 3 JURTER s HISETE R 80 PRE foth EEERE & 455880 TC2-10
TC2-11 Jz TCSF7-6 %5 3 s 6 it @il e 4 & » sFAIT (1) PEEEREE -
TC2-10~TC2-11 k TCSF7-6 3l 7 ¥ 5 85 ke 3th - ERfE MR B AR B I B #RE 2 5 DL TC2-10
BRI R 13.67 5 85k 20.60 g > AHECEIRAH T RIRE 0 12% K 52% ~ TC2-11 RIS By 14.11
REER 18.71 g tHEEIELH 53 BIHE T 15% K2 38% ~ TCSF7-6 B35y 7l Fy 13.56 /F#5 K 18.23 g »
FHESEIEAH 53 BUREA 11% K2 35% (F=1) °

R~ 5 PRE TAA A S AAE T ERGEE 45 Bk B 2 s BRaTR

Table 5. Results of 5 strains with IAA production activity treatment on Fushan lettuce in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 12.22 b' 1148 a 13.54b
TC2-10 13.67 a 12.06 a 20.60 a
TC2-11 14.11 a 11.46 a 18.71 a
TC _LDRI14 12.44 b 11.13 a 13.87b
TC LTF4 12.11b 10.21b 12.15b
TCSF7-6 13.56 a 11.12a 18.23 a

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(Q)REEEREE © TC2-10 ~ TC2-11 ~ TC_LDR14 ~ TC_LTF4 F TCSF7-6 R8> B #5 ~ #ks Feith
AR E AR IR A R R > DL TC2-11 JREHEAE - 43Rk 9.11 HEE - 27.13 cm J%
11.56 g » AHEZETIRLHITRIRE NN 14% ~ 37%F% 134% (RN ©
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RN~ S PRE TAA A GREE MR B G5 BK T B AR BRaE R
Table 6. Results of 5 strains with IAA production activity treatment on lettuce in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 8.00 b' 19.86 b 494 ¢

TC2-10 9.00 a 27.03 a 9.28 ab

TC2-11 9.11a 27.13 a 11.56 a

TC _LDR14 8.78 a 26.50 a 9.80b

TC LTF4 8.78 a 26.11 a 8.77b

TCSF7-6 8.56a 25.19a 8.45b

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

() NEEEREA S © TC2-10 ~ TC2-11 K TCSF7-6 il 2 T 5 8y ~ s Rt BB fE bR BB EARE Il
HAREES DL TC2-10 B35y 5 Fy 9.44 {3~ 12.28 cm [ 9.22 g MHEEIREA 7 BT 16%
16%F% 52% ~ TC2-11 JEHESY Rl By 9.39 F BE ~ 11.18 om J2 9.70 g » FHESEHIEAH S BIHEIN 16% ~ 5%
Kz 60% ~ TCSF7-6 R4y 5l £y 9.40 F 3 ~ 12.08 om K7 9.32 g » FHEZEHIEAH S BIRIAN 16% ~ 14% K7
53% (Ft) -

R~ 5 PRE TAA A S ARE D EIRGEE AN S BK A S 2 R BRET R

Table 7. Results of 5 strains with IAA production activity treatment on bok choy in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 8.11b' 10.62 b 6.08

TC2-10 9.44 a 12.28 a 922a

TC2-11 939a 11.18 ab 9.70 a

TC _LDR14 8.11b 11.15 ab 6.92b

TC LTF4 9.11a 10.97b 8.08 ab

TCSF7-6 9.40 a 12.08 a 932a

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(4)FFTEAZE - TC2-10 ~ TC2-11 K TCSF7-6 il 2 T 7 8 ~ i Rt BB e fr s SRR IRl B
AEEESR > DLTC2-10 FE3 577l 1y 7.44 R 3E ~ 12.59em J 10.21g > AREEHIGHA S A0 10%

13%J% 74% ~ TC2-11 FEEE5Y Ry 7.00 5 B ~ 12.44 cm % 8.32 g » AHERE IS BIRG AN 3% ~ 11%
Kz 42% ~ TCSF7-6 BRFE5T A By 7.44 F 55 ~ 12.44 om J2 9.12 g » AHERE IR ST HIRG A0 10% ~ 1%,
56% (F&/\) ©
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Table 8. Results of 5 strains with IAA production activity treatment on spoon cabbage in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 6.78 b' 11.19b 5.86d

TC2-10 7.44 a 12.59 a 1021 a

TC2-11 7.00 a 12.44 a 8.32b

TC _LDRI14 7.11a 11.73 ab 7.52 be

TC LTF4 6.67b 11.21b 6.51c

TCSF7-6 7.44 a 12.44 a 9.12 ab

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(5)FH : TC2-10 ~ TC2-11 J TCSF7-6 ¥ 7 5 8 ~ s Kt AR E B e A A
HES > DLTC2-10 pa#R oy 5l R 9.07 1 4 ~ 8.13 em Jz 0.95 g - AHECE IR S BIE T 34% ~ 19% K
102%TC2-11 JEHESYHII By 9.31 4 BE+8.86 cm % 1.03 g» AHERAIRAH 53 HIHE 1 38%~30% K2 119% -
TCSF7-6 fR¥ 5775 Ky 9.11 5 5:+8.07 cm J7 0.93 g AHE S HEAH 73 HII 34 0 35%~ 18%f2 98% (= SL) -

RIS PRE TAA G RRE N EMR R B RS Z ARG BRaE R
Table 9. Results of 5 strains with ITAA production activity treatment on amaranth in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 6.76 ¢! 6.82 ¢ 0.47 ¢
TC2-10 9.07 a 8.13a 0.95a
TC2-11 931a 8.86a 1.03a
TC _LDRI14 8.27b 7.87 ab 0.82b
TC LTF4 8.13b 7370 0.71b
TCSF7-6 9.11a 8.07a 093 a

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(6)ZE3E * TC2-10 ~ TC2-11 Jz TCSF7-6 i #f = foith B AR EE ST IR R AR5
LA TC2-10 FRH 51715 26.56 cm J 2.77 g » MHECEHGZH T HIME IO 10% k2 25% ~ TC2-11 Friiy A1)
By 27.16 cm [z 2.84 g AT IEAH 45 BB 1 13% f%2 28%~TCSF7-6 FEFE 57 7l By 26.35 cm [z 2.65 g
M IR EH 3 HIHE IO 9% F 19% () -
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Table 10. Results of 5 strains with IAA production activity treatment on water spinach in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 7.22 2! 24.09 b 2.22b
TC2-10 7.48 a 26.56 a 2.77 a
TC2-11 7.04 a 27.16 a 2.84a
TC LDR14 6.85a 23.13b 2.04 ¢
TC LTF4 6.96 a 23.71b 2.24b
TCSF7-6 7.14 a 26.35a 2.65a

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(E)AEYIBER IR YN A K 2 5

&M TC_LDRI14 ~ TC_LTF4 J; TCSF7-6 % 3 RREAHRFT R 2 (A= 8] o3 B R B R G5 BK B
aREER - &3 JORENEK 3 Kig » rRIEAESER ¥ tris ROt EEMERE & - GEREUR
TC_LDRI4 » TC_LTF4 } TCSF7-6 R~ e Foity L ek EARR i e A R 2 2 - LA
TC_LDRI14 F#5 Al B 24.54 cm [ 27.21 g » AHECEIRRH ST ARG 0 17% % 18% ~ LL TC_LTF4 iz
H53 R Ry 26.11 em Jz 30.85 g AHESAT I 73 IR 25% ke 34% LL TCSF7-6 p@ #7331 By 24.01 cm
52 27.07 g » FHEBSHIRAA S BINIT 15%K 17% (F+—) ©

Tt— S HRERM A YRR B G5ER B 2 R0 Keliadt =

Table 11. Results of 5 microbial strains treatment on bok choy in pot flooding experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 9.70 a' 20.92b 23.05¢
TC LDR14 993 a 24.54 a 27210
TC LTF4 1048 a 26.11a 30.85a
TCSF7-6 9.67a 24.01 a 27.07b

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.

(P9 B[S S RE DA VIR PR (e EAEBR 5 A R

e RIS AE )2 TC2-12 f TC_LDRI7 BPRFT L 2 WA V)RR e S BR A Sedtifient e
3 YFEER - TRERERER 8 s ot EEEMRE R > $ERBUR » TC2-12 ) TC_LDRI17 g
Btk ettt Bk E EHEH RS B AREER > TC2-12 7y HlE I 25%-41% K
41%-88% > i TC_LDRI17 43R4 HI 17%-32% k2 19%-54% » H TC2-12 7 10 f% ~ 50 fZE2 100 £Z
HikE < PR FEAHE B TC_LDR17 [EME il 2 R B R - o DA TC2-12 2 10 (%8 50 {5 F7E
LR R ) -
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Table 12. Results of 2 strains with nitrogen fixing activity treatment on Chinese cabbage in pot experiment

Treatments No. of leaves Plant height (cm) Weight of above-ground (g)
Control 11.00 a' 1271 ¢ 1542 ¢
TC2-12-10X 11.13 a 1737 a 28.59a
TC2-12-50X 10.87 ab 17.86 a 2901 a
TC2-12-100X 10.40 ab 15.83 ab 21.72 ab

TC LDR17-10X 10.00 ab 16.25 ab 23.73 ab

TC LDR17-50X 9.00b 16.77 ab 2091Db
TC_LDR17-100X 9.00b 14.90 be 18.36 b

! Statistical analysis by LSD (p < 0.05) was applied to compare the column followed by the same letter.
ER

BT E PR (S F A S 2 UG REIRATER 65 2 8B ) 80 MROSZEVIERINE » &8 TAA AR -
ACC deaminase J[&EE MM - BFEEH 7 PRELMHEE 084 ik - 7351 R TC2-10 ~ TC2-11 ~
TC2-12~TC_LDR14~TC LDRI17~TC_LTF4 } TCSF7-6° £ TC2-10~TC2-11-TC2-12~TC LDRI14~
TC_LTF4 F; TCSF7-6 % 6 #RE kA n]E4 IAA » TC_LDRI14 ~ TC_LDRI17 ~ TC LTF4 5z TCSF7-6
2 4 PRERE ACC deaminase J&{% » jff TC2-12 k& TC _LDR17 EE%ECEM: © FIFH 16S tDNA g H
B THE R EL R L » #E E 455 TC2-10 B2 TC2-11 Ay Gottfriedia luciferensis » TC2-12 & Massilia
sp.~ TC LDRI14 } TC LTF4 £ Brevibacteriumiodinum~ TC_LDR17 % Achromobacter xylosoxidans
TCSF7-6 £y Sreptomyces thermoviolaceus -

3-indoleacetic acid (IAA) R RFAEINMEVIRGN Z RVERZER » BB REHS L2
Thae » B BHRAHARAY i & A INAREUR BAVECE - &8 0y (Datta & Basu, 2000) » HLL6
EERA=Y141 Pseudomonas spp. ~ Azatobacter spp. ~ Azospirillum spp. ~ Bacillus spp. 5z Enterobacter spp.
ZEH]EE4E TAA (Spaepen et al., 2007; Damam et al., 2016) - ABFZEER#EE > TC2-10 K TC2-11 BEHEH] E
4 TAA R - PRI E - PEREE - AERO% - FHEE3E - AEEAEREE 6
HEY 2 AR - B IR RS nI 0 38%5E R B~ 37% ke e 134% M L8 - BAHRENA
VAR 7% S TC_LDR14 K TC_LTF4 ik il &4 TAA H E ACC deaminase [z %5 25 H S M:
AR A AEER SRR /KEREE N 2 ks Rt BB 8 » RN GEER B 3 2 4 e 38 B el B Bl o 4
B E ~ NEEREE - REEERE R - HE O - SRS 6 MRS R B b al i 2 (R
RS HEATRE Foi% 2 MREEIR N BBt e 2 - BB 0 ARRER - SR TR R - R T E R
B2 KGR o iR 25 » B BRI i 2 08 RO ERE IS » 1& B ] B MR 38 b 7 B & B L DA

N
)
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LI REY 4 R B8 B EiE P EEAVEYIME - RS - (IEFEE - B35 - IRERYE
B - BEEEAYEAL SR E N E A E T B s E A 6 - R al a0 s S e
(Pecters et al., 2002; Cox et al., 2004) - J#&/KIF MEYIFT RN ERBDEIRERD - WEZ ZIGEHE
YIRS A RE - S EBHEYIAY AR (Cox et al., 2004; Ravanbakhsh et al., 2017) » Fdb - 354540
Rhi zobium spp. ~ Pseudomonas spp. ~ Aneurinibacillus spp. k& Paenibacillus spp.Z ] j#E 4= ACC deaminase
(Ma et al., 2003; Ali et al., 2013; Gupta & Pandey, 2019) » 3% E£Z 0] 3R ZIGHIRTHEY)E ACC » H#ET
FEARAEYIRE N 2% R & - BHEIR 5 T 47 4 R 5 A B %/F H(Glick et al., 2007;
Siddikee €t al., 2011; Ravanbakhsh et al., 2017) = AHFFELL5TEEH B ACC deaminase 5142 R T
NEEBR A2 /K@ Es » TC_LDRI14 ~ TC_LTF4 J TCSF7-6 % 3 RS I et A 8 /KER
BN bkE st FEEE R > Hrp TCSF7-6 JRr]EA: TAA ~ #ERED ~ Wi ielE = - ERE SR
P B Z iRl 2 > AR E NGRS R/KERIRE T 15%RE & 17%h FEEE S - HERES
BRE R4 % 8 2 e A R EA BRI E - AT IR T RIS 0 25% ki e 79% 5 EEREE & - It
Hh o GRS - AEEREE  NEEERE S - HIE O3 - EEAGERTE 6 MY aiE BN g
B RAE R 2 AE ST » A HRAH B s v G0 35%BEH 85~ 27% ke Kz 98% ik E ¥ B & » sk a]
AR B R SRR A T R -

BRIV ERMONTE Z EEITE YRR TRRER SR8 B  TERPRYILAEC
I AR [ FAHEE IR B EUT 2R 2 E A # (Gray & Smith, 2005; Shridhar, 2012) » 2R EH AL [E 4T
R Y] E U 22 (nitrogenase) &7 13K ) ~ SSRBEMARE &8 208 » HESUEHEATRENE
(Shridhar, 2012) - Ab7EE#EE 2 TC2-12 fz TC_LDRI17 FEiREEIEUENE » 455k 0 e akatbat a]
{RAERERA R - FHIECE BREH TC2-12 73 BIBEN 25%-41%1 K5 e 41%-88% M ESE & - [ff TC_LDR17
Sy RIS IN 17%-32%R% 5 Fe 19%-54%3 & B & 281 TC2-12 FERAR R 2 Fr i fH#E B2 TC_LDR17
[E] % %0 P 2 PR B AR - HEHI T REEE TC2-12 B TAA A& RS M K 26 1 57 it % 22 V5 1 5
TC_LDRI7\ Z IR ENERE JTHGEH R - AR T EY) & BRI R A Vs (b 2 B BB L
TEHR -

AHATFTETEL 7 HREMNEE S 2 AR - mlES TAA 2 TC2-10 k& TC2-11 Gtk R A
JEMEZ TC2-12 Kz TC LDRI17 SR EESEEY 2 4K » H ACC deaminase 2 TC LDRI14 J
TC_LTF4 R ATHEE NSRS/ KERE T 2 AE RIFE - 1 TCSF7-6 G PERI Al (R #EEE 2 EY)
ZHERHRES AR KIRE T 24 & B MEYER B A BB R IRE i Y B > &
11 RERETEE R Z IR TR I E BIE I /K 2 5877 - F DR S TR ER B FE 1
F MR - (F RS R B T H - EFIRER  kEREZ B -
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Screening of microbial strainsthat promote
growth of vegetable cropsand the preliminary
evaluation of their stress-tolerance®

Shih-Chieh Chang” and Chien-Chih Kuo®*
ABSTRACT

The aim of this study is to screen for microbial strains possessing stress tolerance potential. In this
study, eighty strains were isolated from collected soil samples and screened for biochemical properties.
According to IAA production, ACC deaminase activity, nitrogen-fixing activity, siderophore activity,
phosphorus solubilizing activity and five kinds of enzyme decomposition analyses, seven strains were
selected for further study. Results showed that the IAA-producing strains TC2-10 and TC2-11 and
nitrogen-fixing strains TC2-12 and TC_LDR17 promoted the growth of vegetable crops. Among them,
TC2-10 and TC2-11 strains promoted the growth of six crops including Fushan lettuce, lettuce, bok choy,
spoon cabbage, amaranth and water spinach by increasing the number of leaves (38%), plant height (37%)
and above-ground weight (134%), while TC2-12 and TC_LDRI17 strains promoted the growth of Chinese
cabbage by increasing plant height (up to 41%) and above-ground weight (up to 88%). TC LDR14 and
TC LTF4 strains increased the growth of bok choy in flooding (up to 25% plant height and 34%
above-ground weight). TCSF7-6 strain could promote the growth of vegetables and improved the flood
tolerance of crops. It improved the development of bok choy seedlings by increasing plant height (25%)
and above-ground weight (79%). It also promoted the growth of bok choy plant under flooding condition
by increasing plant height (15%) and above-ground weight (17%). TCSF7-6 strain also promoted the
growth of six crops by increasing the number of leaves (35%), plant height (27%) and above-ground
weight (98%). These seven isolated microbial strains have the potential for further development into
functional microbial agents. The optimal cultural conditions of these microbial agents and their fertilizer

efficiencies to promote plant growth under flooding condition will be further investigated.
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