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Selection of Bacteria for Enhancement of Tolerance to Salinity and
Temperature Stresses in Tomato Plants

Yoo, Sung-Je - Shin, Da Jeong -+ Weon, Hang-Yeon -
Song, Jaekyeong - Sang, Mee Kyung

Salinity and extreme temperature stresses affect growth and productivity of crops
negatively. Beneficial bacteria, including plant growth-promoting rhizobacteria
(PGPR) induce growth promotion and tolerance of plants under abiotic stress
conditions. In the present study, 20 strains were selected from 1944 isolated
bacteria based on three plant growth-promoting (PGP) traits-aminocyclopropane-1-
carboxylate deaminase activity, phosphate solubilization, indole-3-acetic acid pro-
duction, and growth ability under salinity and extreme temperature stress condi-
tions. Seven among the 20 strains were selected based on growth-promoting effects
on plants under saline or temperature stresses in tomato plants. It was expected
that the seven strains could induce tolerance of tomato plants under salinity or
extreme temperature stresses, which implies that these seven strains can act as
potential inducers of multiple stresses tolerance in tomato plants.
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of OV\]' X‘]iol ‘3]"‘30} e ARG oF 50% ol s THAAT]
71 = Atk 713} oA 3§ 2 Al (Intergovernmental Panel on Climate Change, ICPP)&
Z1$HSte] WE o]} E AR AE ARS AAAZ F Atk RS THICPP

A olof whgate] EAA, A3}
Ho g AE2 dFU 2E2E

5} A1 7] ™ (Bano and Fatima, 2009;
Mishra et al., 2011; Khan et al., 2012), 374 2EH2ZHEH 2225 B35317] 3 =3
ol ZEAY 22 Ay FH4RAE FHAZItk(Barka and Audran, 1997; Ali et al.,
2009). ©] Yo% ZEo] AR AE#H 2o wEFHH R 2Z3t7] 95ted, YA 2=A¢
I ZE AE SEEY FHFS HIAA 7INAE mEA ZHEFOEZN AE U 7
gHFS 2437|= i Swamy and Smith, 1999; Tuteja, 2007).
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Fio] AAFE 1 QIth(Athar and Ashraf, 2009). 7FEWHA 9 2o
73 2E#H 20 WA FFS SFste A7 @A Fol(Cvamopsis tetragonoloba), 734}
(Brassica carinata), °VEF2HEruca sativa) 52 ZHEANA AFEHIL JoH, o] FAELS A
x4 B¢l ZAA s e FEE aRHoE Bidte AoE dEA It
(Liang et al., 1992; Kumar, 2005). =3t B2 A7AE0] 2E9 §33 2285 53t A&
o Als dEs AT ZHN 3 2Ef2E FEA ZHEL A FAE HASEH]
&gt ke A3kl lt(Sreenivasulu et al,, 2007; Bhatnagar-Mathur et al., 2008; Mittler
and Blumwald, 2010). Z22ju} dWHAQl §F Z2 2 Agte] o) A, FH7d =%
< T AEE FT ML ol A7A = B2 F7tolA B LEHA FEHA E= ©ol
Aok 222 ool tjetH ol G2 Q) th-S Aoz A EAHAZZ A F(plant growth-
promoting bacteria, PGPB) 52| P &E& &8st Wete] AT Al&gith(Yang et al.,
2009; Bhardwaj et al., 2014).
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al., 2014; Meena et al., 2015; Sarkar et al., 2018). ]2t THANA, AEWAZIAH+S
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ZINAGE 93kl Eelg M2 Tryptic soybean agar (TSA, Difco, USA) Bl =] ol 4] 28C,
4813 FF vekste] B EFRYUE ARSIt 7S 25 2Ed 2 24 Aol
AE == A=A HEe] 915k 3 319 7-8-98(-1000kPa) (Polonenko et al., 1981)&
&3H3t 1/10 Tryptic soybean broth (TSB, Difco, USA) Hl %] 01]/'\1 ZYZF 10C (A22=Ed )9}
40C (AL22Ed# ), 120 ipmoZ 48A13F BQF JEu] gt & UV/VIS spectrophotometer
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2E# 2 2A At AEAFEN #H 5EA4E Hrlehr] flste, Al AcCC
deaminase activity assay, phosphate solubilization assay, IAA production assayS 5% LHF
(-1000 kPa)9} LE=2EH~(10C-AL, 40C-112) @A F33kATh ATF9 ACC
deaminase &4J-2 Penrose2} Glick (2003)2} Khandelwal®} Sindhu (2013)9] m‘ﬁ—‘% 75l
AAsIA T 2], Al dEFE 5,000 rpme] YAE aoﬂ o)) F=8|g & 30 pmol2)
ACCE =% DF salt minimal agar®ll 3-3lo] 48417 & A3 Mol ACCE FAYL
2 o]t YAsl=A Hrhstt. Aol 485 24 —% H7}13t7] 91al bromophenol
blueZ7} E&H PVK HI A S A8-3}o] Pikovskaya (1948)2] WHol wiel Hrlsidet Ao &
g4S PVK iAol HEE £ 5~7 S wjFete], 22Y F919 oMo SF g Aol
A E=AE FrlskATh A2 1AA 352 Brick 5(1991)3 Kumar 5(2012)2] W&
FAsI ATk Ald AEAS 100 pg mL'9] tryptophano] £ 1/2 TSB H A o)l A
24417t & iR &, AAH S AR 93] 73 F Salkowski reagent (50 mL, 35
% perchloric acid, 1 mL and 0.5 M FeCl; solution)®} 2~3%-2-2] ortho-phosphoric acidE 37}
sto] BEA0 R Wte AS AET & FAEE S5t HUEsiATh

=



ErbE R L5 2Ed2e] BE WAS fEsHE AR A 467

4, A7 =+ 25 2Edx A4 vAE A ERA

EnlE(Solanum lycopersicum, ‘HEE ) TA= XL Eo| 353 $ fe|2dolA Aulst
Atk A M dgAE FHlsk] flste], Alet-2 TSAOA 28T, 24413 &<k vt
T, &Y S2YE TSBOA] 28T, 150 ripm 2 48A13F F¢F & w3ttt Al ul
< 6,000 pm 2.2 102 5 A3t Al pellete AT F 10 mM MgSO, & 0=
HEFst] 0D600=0.25%2 FEE WA PGPRE €& 2 Bacillus vallismortis BSO7TM=
postivie controlZ AFE3IH T HF 3 3FH EntEo| FH]|3 Al dHYS TE HE |
gd 1 m=Z #F ﬂal%}%it} A FFAY 1579 F IF 2EH2E A3 95k
AE 1 g3 1 mle B3 197 &9(-1000 kPa)S 29 Ao 7 33 B#F APt 25
2E#2E A3ty 46}04 At #FAY 17Y F EvlgE 2ES 10C (A2 2EH
2), 40C (AL 2~Ed )9 285 widrlol 59 &<t videaitt. 25 2Ef 28 A
23 o] o] F2o] FE AR AES o]FAA AMSATE 2EH 2 A 357 T E

]I

m{n

TFEO~109) A=A AEFTe SHst 2EH 2 A Ziol dig Al E3E Bt
st on, 2E 27t Qle It 200 L3 A7l EvtES Auistal Alds dF
Agste] AEA o HEFS HIISIATE SAEA S SAS 9.1& ARESt] EAREAMEE &

H 2ol AHA(LSD test)S p<0.05914 =3y Th

5. Awk Aol 574

A% M2 universal primer sets (F785F2} 907R)< ©]-8-3F] 16S rRNA 3% 99-&
Z35tod Als EASIA T 2] E4E 9714 E-2 www.ezbiocloud.net/identify 2 Genbank
2kl dlolHuo]~E 53l &R3F type strain®] F7]ALDF} Clustal WolA alignment g+
4131931, MEGA program ver. 6.0-= -3l neighbor-joining methodE ©]-8-3t] 7|
=5 24435 t(Saitou and Nei, 1985; Weisburg et al., 1991).
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AR} o5 2EH s =AM B —sm 4
= PSR o] 93} U AVESOZRE BT 1047 TFE
Pol A}%s}oq 48 i_E_Eﬂi ol Awel A4, AEAEE B9 B4 1AA

194431 5 5.7% Jlr AEF = e A2 adF 219 S3HA =4
A oz 270 vl Al Aol §2 e ST, A 72 943% = AP
2E# A Z740M iz =4 oy 8-S ‘3} 2 F3F9 thFig. 1A). HHA, A3 ~Eg 2
ZZ0A F 19440F T 82% = IAAE AP o, A2 43% (8475 ) } Aew 1
AR =27, 1L 1HF =AM BF IAAS A5 THFIg. 1B). JAAE 2 E-29] A

#osi=t a3 A= S 2 # 0 Z(Husen, 2003; Spaepen et al., 2007) 21& 5] A&
< SR8, EF W e 2RAs STMAOEA B3 FiRY FTE &

Z 4 A ti(Patten and Glick, 2002; Dimkpa et al., 2009). 53, 233k
7.9%< ACC deaminase B3] AL, 7.5% = A7HE3Hs0] AeH, L3

3 F 2EY A Z2A(ALex AGFH, A x adF) A AA FF9 53% (1037F)= ACC

(A) Bacterial growth (B) IAA production

/ 94.3%\ / 91.8%\
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(C) ACC deaminase activity (D) Phosphate solubilization
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0 1.8%
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Fig. 1. Pie charts based on percentages of bacterial strains regarding to (A) growth, (B)
IAA production, (C) ACC deaminase activity, and (D) phosphate solubilization
under salinity x chilling(blue color) and heat(red) stresses conditions.
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deaminase 4<%, 3.3% (647T)E U47HE5o] JAATHFig. 1C-D). M2 ACC deaminase
T g AR Tad 9L siv, AE] A A ATFAR] ACCE Eal|sto] 2E0]
2EH 28 B 258 o gojshs A8 Y £ES oA oM T 2Ed
220 WhE@hal deiA ATHGlick et al, 2007; Glick, 2014). Algtoll <] Q14t71-8-815-&
JJ—% THEBIAA Aol edad Ak F3t
INA Hze] AdE ST Aeldva &

| —
=
=] S 2~ O 5
1, AAE s FEEFTTES T

% A THHameeda et al., 2008).
2 2UF e L Asdzol g w4 B3 4207

AP 19447 F T LEFH LEZEG (AR E
&, IAAAA, ACC deaminase 43 Q14H7}-83}1 59| L
Aol Mejste a5 AT ol st 2E# 27 gl Y9 27 (non-stress)
2EY 2 218 ro] tiE79 vl Jrhet A3, It 27004 EntE YA T2 At
ol mE TAA Fodo] BEEA dfo, 1HF iEH}i ZA M= 37FT(5GH41-
07, H20-5, TS7-2)7} th=7o vlste] “Feh A2 (%)ol 2+ 43.7, 66.1, 51.4% 5713 thFig.
2). HFH, PGPR #F2 &R Bacillus vallismortis BSOTM (positive control)> LHF =743}
AAF7 2EH 2 2o BF gz 2|7t gl

12} Ak 20957 5 2Ed 20 gty EnfEd] WS fFEsheA Hrke A7,
ARk 2Ho M= APt Aol o3 ErtE Ao AWy dEEA ek th(Fig. 3).
I8V A 2E#A ZHNAE 27F(TS5-2¢F TS7-2)7F tixTol Hlste] Zkzh 938,
10.9%2] S S7HA71= A7) A on, 1L 2Ed oA e thxT-o] HIgtH 5

(5GH41-07, H1-2, HI-8, H19-1, H20-5)7} ZtZF 13.4, 17.0, 22.8, 13.7, 14.8%= ErE9]
FiA-S fFrelstAl SV FTHEFIg. 3).

ARARE FFY, 12 AL 207F T 7THTFE LGF TE 25 AEd 20 9%
T E TAaAIA iz Hste] A& ARS FVHAAS oM FH AEANLSZTA
(plant growth-promoting rhizobacteria, PGPR)Z} TQLEL(mycorrhizal
250 2EH2E HE o AEAY T2E
of o M E A7 WS FA Ee %%Ml el 585 = 7
ATHNadeem et al., 2014). 18 2Z EvlE 2] =3
25 2EY 2o g EntES WS F7HAZ ? Ko} odgch
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Fig. 2. Relative fresh weight (%) compared with a control in tomato plants treated with
20 bacterial suspension under non-stress and salinity stress conditions. Asterisks
on the bar mean statistical difference by the LSD test at P<0.05; error bars
indicate standard error.
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Fig. 3. Relative fresh weight (%) compared with a control in tomato plants treated with
20 bacterial suspension under non-stress, chilling, and heat stresses conditions.
Asterisks on the bar mean statistical difference by the LSD test at P<0.05; error
bars indicate standard error.
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3. kAo 7%

AdtE 779 16s rRNA FAA A &4 A3 2F Bacillus %50 4331 THTable 1).
5GH41-073} TS7-2& B. tequilensis KCTC 13622(T)2} E5F 99.93% FAHES Hom,
H19-1-2 B. aryabhattai BSW22(T)¢} 100%2] FAH3 & B AT H20-5¢F+ 1,417bpE Hlw
EA% 23 B mesonae FIAT-13985(T)2F 99.93%, TS5-2% B. siamensis KCTC 13613(T)<+
99.86%, H1-29} H1-8-& B. megaterium NBRC 15308(T)2} Z+Z} 100%, 99.93% +AHd ol AL
o 28y 5GH41-07, H19-1, H20-59} TS7-2& 16S rRNA 9714 E F 93.0~96.3%2 type
strain®] G714 D3} B EMS Aol mE F3Z fill sequence EAS F3t] B} HE3
545 ST Aot} YUtH O Z Bacilluss 21 ENA ThFdt ol tiste] B $sA

S =3t AEQ S ZIAZIg EJ_E] A THKloepper et al., 2004).
Bacillus %2 21 & ol g =434 B9 olye} 717, dF/ i-‘ﬂ 25t e o
g HAEA SAHEd 2o tiste] AEo AR, s B A ESERE FEe dEd
AR B 2HE HSAF O ZH 2 Eo] 2EF 20 Ui lﬂ*é% =T F Jva
G A UTHAshraf and Harris, 2004; Vardharajula et al., 2011; Tiwari et al., 2017). =3t
Bacillus 48 WAZAE W1 ] #5242 APsrt golatr] wiEe] & ddS
B ALE dFE 5 oGS FE Astel fEld sleE Addn

AAA A

d|

Table 1. Identification of seven bacterial strains based on 16S rRNA gene sequences

Strains Size (bp) Nearest taxon name Similarity (%) | Completeness (%o)
5GH41-07 1,375 Bacillus tequilensis KCTC 13622(T)* 99.93 93.4

HI1-2 1,534 B. megaterium NBRC 15308(T) 100.00 99.3

H1-8 1,525 B. megaterium NBRC 15308(T) 99.93 100.0

H19-1 1,405 B. aryabhattai BEW22(T) 100.00 95.3

H20-5 1,417 B. mesonae FIAT-13985(T) 99.93 96.3

TS5-2 1,534 B. siamensis KCTC 13613(T) 99.86 100.0

TS7-2 1,369 B. tequilensis KCTC 13622 (T) 99.93 93.0

*(T), type strain
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