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In order to increase the persistence of plant growth promoting rhizobacteria (PGPR) in rhizpsphere soil, the growth
of tomato was examined after the application of Arthrobacter woluwensis ED immobilized in alginate bead, which
was known as PGPR. When tomato seedlings were treated with 4. woluwensis ED of 1 x 10° cells g soil”" and
incubated for 30 days in a plant growth chamber, the shoot length, root length, fresh weight and dry weight of the
grown tomato plants treated with the suspended inoculants significantly increased by 36.2, 59, 51.1, and 37.5%,
respectively compared to those of the uninoculated control. The treatment of the immobilized bacteria increased
those by 42, 67.4, 62.5, and 60.4%, respectively compared to those of the uninoculated control. Therefore, the
enhancement of tomato growth by the treatment of the immobilized bacteria was higher than those by the suspended
inoculants. The effects of the inoculation on indigenous bacterial community and the fate of the inoculated bacteria
were monitored by denaturing gradient gel electrophoresis analysis. The DNA band intensity of A. woluwensis ED in
the tomato rhizosphere treated with the suspended inoculants continuously decreased after the inoculation, but the
band intensity in the tomato rhizosphere soils treated with the immobilized inoculants showed the maximum at 1
week after inoculation and the decreasing rate was less than that of the suspended inoculants, which indicated the
longer maintenance of the immobilized bacteria at rhizosphere soils. Therefore, encapsulation of PGPR in alginate
beads may be more effective than liquid inoculant for the plant growth promotion and survival of PGPR at plant
rhizosphere.
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71l M= A nAE HIRE wjdste] e s Sddt
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PGPRO] &3} st=t] =33 = 222 95 Hrh(Heijnen
and Van Veen, 1991). t]Q¥E 1Q3}o| ALHE GH2E
sodium alginate, polyacrylamide, xanthan gum %5 T}¥std| 1
% 2= jo|n], ARFH0] T, o] 7Eket sodium alginate7}
g AM-E|T Qlch(Bashan, 1998). Alginate+= D-mannuronic
acid®} L-gluronic acid7} B-(1,4) 2g3st AEE 9] £3HA o]t
Sodium alginate’= A}&of Na'7} 20 gl=d] Ca’ 9} A2 2|3
Hr}. Ca’' & 27} F4p0]20]7] W&o 271¢] alginate AF&T} 2
3rste] thAl Q) Ca2+-alginate A7 @A "k (Haug, 1959).
PGPR-Z alginate beadol] 1743}o] HEdH= AL LA A9
PGPRE| HZE $75T, A4HoR F3E 4 Yt Aoz
H 3]0 Qltk(Bashan, 1986).

o|A|7HA] 173t PGPR w520]] o3t Al EAREN A= 8
oA F79] 2 RRol oA ZARHA GALHRekha et
al., 2007; Schoebitz et al., 2014) TAS Ao A WEE = AY
e ST A7 R0 % o™ (Bashan er al., 2002;
Minaxi, 2011) EAPESIH 02 2ARE AR A9 Q9ith
H HFoA= PGPRZ WY Arthrobacter woluwensis ED
(Kim and Song, 2014)E- alginate beado]] 117 5}o] EnlEo]| A
2okt T detel g We) AYEASS vl TaHA,
AE 4379 A& 2d A7 EY 1f A=Al vlX= 4
TS A ETE RS Bl AR nlEHR2A Y A

8 7Ms A4S ZAIATE
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250 ml Z&A30] 1/10 84 YEG HA|ujX](yeast extract
0.1%, glucose 1%, pH 6.8) 100 ml2 ¥, A. woluwensis ED
(KCTC 12011BP)2 AZ3} 5 2=hioF30°C, 150 rpm, 484]
st wiglS YR 4T, 3400 x g, 208)to] AF5<
< A|A8LAL, hemocytometer2 7JA|lE Z7g3t] o] 1 x
10° cells/g® 58 4= QA w8ttt #5 14 3H=Bashan
(1986)2] alginate bead A|ZFHL WHEPslo] ARESIIT)
Sodium alginate (Junsei Chemical Co., Japan) 20 g& 71
Lo Y mEF(121°C, 15 psi, 158)3}1 CaCl, 30 g& 28
42 Lo] o] DgEFetn 4CE WA, 2u1E 252
Zz228 23] AASLG4T, 3400 x g, 208) 2% sodium
alginate 3} Z35tct 22G needled} AZ2H e EHS
Easy-load® 1 pump heads”7} AZ2E HFHZ(7553-70, Cole
Parmer Instrument Co., USA)9] ZX|3t &, HF3--alginate £
AZ 1) 2] WZHAIZ] 1.5% CaCly -§-Hof| FARSEL, AF-20f A 24]
7+ B9t A wuly| 2 M| wekste] Z31ch AJ&HE alginate
beads TRFE 23] AlFstL S AAT F, YR

4°C)3ch

it

EMES 2I8t pot test
+F g JF 143} FF FFo 5398 vwsta, o
[e]
o

H] &S control alginate bead7} 4] & Y& o] ojH H3ES 13|

ol

TA3SLE A. woluwensis EDO]| 23t EntE 2] A= 41

EAIE &I fI5ke] AqtE pot testE SHETE AR
AHEE EoRS POPRO] 421 E1lE Wt 44 & & A
sEE B2E seke] Aue ol ARtk Aie
B2 4mm A2 AW F 250 g& A& 7 cm, =°] 10 cmQd
ZT£H potofl Hol R[S EAHE 3 mm FAE Y3
A H 3L Petri disho]] 70% ethanol 2 557t FHANASH Enf
E(Solanum lycopersicum cv. Yegwang) EAE Y1 BH45F
4 5 mlE H715E 3 3971 plant growth chambero] A F2A
(30C, 97.5 umol photons/m’/s, 14A1ZHT} A2 7A(24°C, 104]
7b) stoll A TobAlA AMESHRITE Pot F ol ENtE fHES
370 F 24719] potoll o] A|SFR 1, pot 6714 22t FA] ]
Yz, 25 Al 15T, 145 27 AEET 25 Ty
control alginate bead A EF 2 2 L FH|5IHTE HE AE
o HEFFS 1 < 10° cells/g2 BF 22 ¥ FEF
Control alginate bead AP 1A} FF A& S0t
sodium alginate®} FeF0 2 A2+ W Az EHTh FH)EH pot=
plant growth chambero| A 53t GxAxt ozA slo) A 30
U7t uiFBHHA 7712 02 dit RG-S a5kt 15 3
Aoz Ente Zd EGS EaE 8710 st ZHAA
A. woluwensis EDQ] 55 8101317 98] Eoko] Nld3S
s45ich e00] A o] BE ABZoH Aokt 4
= AAE EFEA FA 3l3to] shoot 2o, HEZo|, &
TEL A2THE S A2FF2 70C F2 271
A 48AIZE A=A & S48k 23] fo4S SIS
A3l SYSTAT (ver. 10, SPSS Inc.) T2 o]83}o]
Analysis of Variance (ANOVA)E A5} th.

M=% DNA &5 U 5=

Pot test o AF3F 2 EAoA Powersoil® DNA
isolation kit (MO BIO Laboratories, Inc., USA)2] o3+ oj w}
2} g-DNAE FE3193, YEG vjX| oA A. woluwensis ED&
| oFst 3= vl oFN o A] G-spin" genomic DNA extraction for
bacteria (Intron Biotechnology, Korea)?] ujFdo] ulet
g-DNAE FE3I50t) AT 2 EYollA 353 ¢-DNAE
%ol A7) W&o DNAE FZF5t7] 3l polymerase chain
reaction (PCR)S 533} it} 16S tRNA AR} A& ZZ A
7171 Y3l 1x} PCRO||+= forward primer 27F (5'-AGAGTTTGA
TCMTGGCTCAG-3")¢} reverse primer 515R (5'-ACCGCGG
CTGCTGGCAC-3)& AR5} 3L, 2X} PCRoJ|+= forward primer
F352TA (5-GCCCGCCGCGCGCGGGCGGGGCGGGGGCA
CGGGGGGACTCCTACGGGAGGC-3"9} 12 PCRI} Z+&
reverse primer 515RES AMESIG L) A& 2H EYoA &3¢
g-DNAE template 2 ARE-3}3 21, 12} PCR2 DNA template
2 ul, 27F 1 pl, 515R 1 pl, 10X taq polymerase buffer 2 ul, 2.5
mM dNTP 2.5 pl, Ex-taq polymerase (TaKaRa Shuzo Co.,
Japan) 0.125 pl2 AT 33} ZR4AE 2rlste] HEHTE 25
ul2 25T} 23 PCRE 13} PCR AFE-S 1004 )45}
71 % 1 ulE DNA template2 ARESIR T, UHR| THA = 12}
PCRY} FYUSH 42 ¥ 3%} /-2 HFRYE S5 uz B
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A5ttt 1x}F PCR 271 initial denaturation (94°C, 53) T4
@} denaturation (94°C, 30%), annealing (58C, 30%) ¢
extension (72°C, 40%) QA2 o|Fo|R AL 25 cycle HHE
3l $0f| final extension (72°C, 3&) @A AA 343} c). o]
o] A 22} PCRE 1A} PCR 27& Y7 APt cycle ©A 9
extension TS 3022 £AT|Y, o] DAL 40 cycle HHESH
B0 final extension (72C, 58) ©AIE AA 5335}t DNA
o 29 #2l3}7] 93] PCR AH=3} 6X DNA loading dyeS
5:12 4]0} 1% agarose gelo] 2o PTC DNA Engine system
(Bio-Rad Laboratories Inc., USA)o]|A] 100 V2 <F 20-3087
771953t DNA SE&& FRIHRAL, ©] AHEE denaturing
gradient gel electrophoresis (DGGE)©l] AM&-5} %t}

DGGE 241

DGGE®] 0]-&& gel9] =74l &/Joll AH8-=]+= denaturing
solution2 40% Acrylamide/Bis (37.5:1) 17.5 ml¥} 50X TAE
buffer 1 mlS 4]-& ¥ formamideQ} ureas @11, 32} HSLE
F7Vele] HZE R a7} 50 mlo] HE= gh=t) 43% denaturing
solution< formamide 8.6 ml¥} urea 9.03 g& Yol IH=11, 63%
denaturing solution=2}Z}+ 12.6 mlz} 13.23 g2 Yo whEict 22t
9] denaturing solution 15 ml]] APS solution (ammonium persulfate
2 g, 32} 34210 ml) 150 pl¥} N,N,N’ N -tetramethylethylene
diamine (Sigma Chemical Co., USA) 10 %S Z3}51o] gradient
makerE F3l FETHE F/J5t polyacrylamide gel< A%}
SHc) o] % geld] ZF T2 3% SRSE 23 M-S F, 0.5X
TAE bufferE ARE31o] 13] A|ASH 5, PCRZ £E3 E9F
g-DNA 15 ulE 2X loading dye 15 pl¢} 1:1=2 4lof(x+3 PCR
AFE9] 9= 2.5 uld} 2X loading dye 2.5 ul& 4o] &5 ul2
THEo] AAEItE) 5 30 ulR A AR E 7 Foll T,
DGGE & %] DCode™ universal mutation detection system
(Bio-Rad Laboratories, USA)o] ¥ith A= W 0.5X TAE
buffer?] == 64 C=E X512, A2 3052 20 VZ pre-tun
3t Fol oF 24 A7k B2t 60VE A7 G5 sHTE A7 950 &
it gel2 ethidium bromide (0.5 mg/L) 10 ul} 0.5X TAE buffer

HE
wE
0 i T T T

confrol  suspended immobilized  confrol

e
=

[#s]

Shoot length (cm
= o

30 m19] Eg}Hol W 2FH o] 100 mlo] HE=F 32 FHFS
27¥ek $lo] 2083F ksto] A ATt B4 o) o] 37 B7
42 ol g510] 23] A Fof gel & 100 ml] 37} FFo] Y1
20871 welste] A5tk S o] %o UV transilluminator
(SL-20 High Performance DNA Image Visualizer™, Seoulin
Scientific Co., Korea)ol| gel2 @1 Gel Logic 100 imaging
system¥} molecular imaging software version 4.0 (Eastman
Kodak Co., USA)& o|-&3}o] YeERd band2] &7} intensity
2 24830
An e o@
0Est 7o AEME EXIsn
Arthrobacter woluwensis ED (GenBank accession no.:
HM536961)= 3 mM L-tryptophan®] %7} Nutrient brotho]|A]
A E S 2 H 2 X (auxin) £5%¢] indole-3-acetic acid2} indole-3-
butyric acidE AJ/d3to] 24A17HEE 7Y o] F7HA] HiA] WA
Z+Z+ ©F 20003} 1000-1500 pg/mg protein®] &2 F=E 4
5}9thKim and Song, 2014). E3t XEZ=E zwAy
(gibberellin)Z} AJo}El(zeatin) = 242} 271.73} 33.7 mg/LE A}
Hoke § ABmEEe A4El S4su BEAL
Caz(POy), & H|9F 3} qhol] 222.7 mg/L9] QAL 7183552
o] mjE H|REA Y] ARRo] 7hsd Aes HuEgloh
(Kim and Song, 2014). ¢] #F£ alginate beadol] 143t #+5
2 Aol Enpze) AR wIAL FaE HTIIAT. A
woluwensis ED9] @&l JF 143} F5 HF 181 ¥+
I SHA] Y2 alginate bead 2] EWLE o] mlX|= P =
AR A3 309 Auigt E0EY] shoot Zo], Aol 5&F
Fik AzFHo| HHT Q2T di #F =Y JT L
22k 36.2, 59.0, 5113} 37.5%% 724 A S7HtE o™
Azt 43 HAELL 77H42.0, 67.4, 62.59F 60.4% % 5214
Al F7kskAtHFigs. 1 and 2). webs] 133} 45 HELS +F
T @5 FFtoll Histe] 24zt 6, 8, 11 181 23% 4 EntE
9 S X8t} ol AAEZ At alginate 13t

HE
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0 i T T T
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Fig. 1. Shoot length (A) and root length (B) of 30-day grown tomato seedlings treated with 4. woluwensis ED in a pot test (¥** P<0.005).
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Fig. 2. Fresh weight (C) and dry weight (D) of 30-day grown tomato seedlings treated with 4. woluwensis ED in a pot test. (** P<0.005, *

P<0.05).

Azospirillum brasilense7} 184 WjF & EntE GHE H[HZ
tztof| 8|8l shoot Zo] B oF 30% S7HAI7] Aol vl
slo] 44s] =rh(Bashan et al., 2002). H|E 4 A& S &
AZA 0| g2 A%t alginateol| I3t Pseudomonas fluorescens
BAM-48} Burkholderia cepacia BAM-127} 4 2] shoot Z©] AY
e WHE YRTHI040% HE Z7HAT] ATct S5
3192w (Minaxi, 2011), A3(Lectuca sativa)S A2 2 humic
acidE #7}3t alginateo]| Pseudomonas putida CC-FR2-45 11
At JFPe o AN JFE o shoot?} F2| Ao|7} 5~
10% A== o] 57kt Aot fAlstItHRekha et al,
2007). @EreY ol vlsh P35} # HF Y A XA
7h & AL 143 #77F AR WEEHA] g A&H

o2 AE Zd FFEHY HFF o Y EAEHE Y
ElY7] fj&2¢] Ao 2 =AEHH(Vassilev et al., 2001; Rekha et

al., 2007). g+ 3 H|E-5 control alginate bead A @+ H|
AE izl vlal EntES] shoot Ao, Bejdol|, a5t
AzRZFTFo| 27+ 3.9, 2.6, 13.73+ 17.7% Z755 2oL S04

Time 0
EDCTL SI I AC

1 week
CTL SI I AC

[ e ——

UehA] 9Fgkth #3 H|EHS alginate bead A2 Al $-214 ¢l
= AAER 2 EntE §HO| A= B 1% H} Qltk(Bashan et al.,
2002).

uFst @Fol EOlE 23 L 2RY

AEARER LA B0l Foshd, ot FAET
Eej8tebs §70.919) G} ool B WA sk 9|
£ eSS 2R gos A% SN A B AR
34 ste] ALRAVE Sl 0] el %8 4= SlekBashan,
1998). w2tA] alginateol] A5}t It A. woluwensis ED o
27} BoubE o] ZHd EAetEA ABARE ZARER o
olaltt. A3 EAUIHOZE denaturing gradient gel
electrophoresis (DGGE), temperature gradient gel electrophoresis
(TGGE)2} terminal-restriction fragment length polymorphism
(T-RFLP) 59 S ¥ @ol ]85 3= DGGE £41H
& A tHMuyzer et al., 1993). A5FE pot test Zof] 357}
A AQFE Erte 2E B A RERE 35T ¢ DNAE ol&

3 week
CTL SI I AC ED

2 week
CTL SI I AC

Fig. 3. Monitoring of the bacterial community of tomato rhizosphere soil by DGGE analysis in a pot test (ED, marker of A. woluwensis ED;
CTL, uninoculated control; SI, suspended inoculant; II, immobilized inoculant; CA, control alginate bead).
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Band intensuty (pixel)

0 1 2 3
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Fig. 4. Changes of the band intensity of A. woluwensis ED in the
tomato rhizosphere soils of a pot test ([, suspended inoculant; A,
immobilized inoculant; <>, uninoculated control; x, control alginate
bead).

3lo] DGGEE A3 A3t HE & A woluwensis ED #F7}
4l EY Al el EAste A& ElsksichFig. 3). 2+
A|2o]lA ED #32] band intensity & H| w3t A3} 3E 2|20
= 75 a8 JEFo] 7HY &2 band intensity S YEF L
o7t g5t 23 o|Fol= HIHE 2T FAFEE band
intensity & WEFH =Tl (Fig. 4), ol= @&d Y #3750
T AFolls ZE Wol E2ASHARE o] & FX}F 2SS Yo
o £ 8 35 A G4 24 ol = ol 5st SEE7 &
¢ Aeg 2P v, 1A%} 5 JFLY ED #4319
band intensity= FFE & 177+ F53t2 o] &L band
intensity S 3571A] 5-X| 3} tH(Fig. 4). DNA band intensity 7}
Ale3 W A} vlggicta BaEo] §loj(Watanabe et
al., 2004) band intensity 7} 3= 2. Ald=3 ol A. woluwensis
ED 277} ol IReThn ¥ & Atk B 74 4
woluwensis ED w52 Ente Zd EF Y FFALS wet
alginate microbead®l] A3t A. brasilense CAZFE W=H AY
7108 F 13 202 A% AT vud o I B2
A& ¥ 4= th(Bashan et al., 2002). $HH H|{F THEF
X = A. woluwensis ED 45 band@} Z+2 DGGE gel AF2] 9]%]
o] H]Z intensityr= ATt DNA band”7} UEEEY| o] A.
woluwensis ED2} S-AFSH 22U 45 9 of 8 7}X| Arthrobacter
FE0] BE¢o| Blnd EslA 25| fE Ao g =HHrt
(Goodfellow et al., 2012).

E%Fo] =% alginate bead+= alginase (alginate lyase EC
4.2.2.3)F BH)st= nAE] o) E8E 4= Sl=1, alginase
£ st mAES mie thdsta EQel® wol Xt
(Hashimoto et al., 2000). wt2kx] 1A 5}o]] AR5 alginate bead
= ElA A A 3] BalEHA L3R Mld-E HEA7] L &
7ol orgekE nA|A] & Aol (Bashan et al., 2002), E3F
DGGE £4 A1} alginate beado| A W&5 A. woluwensis ED
= EY 15 Al EoE 9§ vXA] g AR &
A= ch(Fig. 3). A A. woluwensis ED+ alginase S &-H|3}4]
Z3l 1A H w7} alginate beadE E3|51HK] Z=THGoodfellow
etal.,2012).

£ AtolAs AEAY £3152 7H A woluwensis ED <t

F7} wee) 13 A EvbES) RS 271D 4 i ol
alginated]] 1A3te] o3 A& HF guct EntE 2
B¢ o e IFstEA BulE AFEK B anEQl
AL Frlstgleh 2 A1 AA F satd oz H 4351
Halix= 23 FF9 A7 B A F3 AEAE £X
9 FA1E FRlsljoF & Aot u|ABES 1173t alginate bead
E AZAA YA 4-10C) BR3h= W o] alginate bead?]
FE §53= 7152 BEHA e;Fet BEE 4 gl
B 1159} =1d|(Bashan and Gonzalez, 1999), AA| 2 L E9F
oA #59] B AT B aUt Qi

12
kO

A NARLE 187 TS S8l AEEER ZHAHES
ol- &%t ¥ E Hl&o i BAo] STl et Folthe
AltE AlE 2ol 2ok A717 ARA717] 98 A28 &
R50] 9= S alginate beado] TSI} ABARES 2
ALt drots Ente S-Hoj| Arthrobacter woluwensis ED
£ 1 % 10° cells/g 2 2|3} 30U Aul F At EvtEg
shoot®} 1] o] & F&3 A2FSFHS ST 23 v|HF
Z3 v wste] o A HEFLS 42 362, 59.0, 51.1%
37.5%4 £ QA S7FstE e st 7 HELS 4
42.0, 67.4, 62.59} 60.4% X A JA =71kt 2 AS
T HAZTT2 A Y HIFwol vIste] ZHzh 6, 8, 1134 23%
Zlelsltt. A B0 A% U SAHE e B
3}7] $J3ll denaturing gradient gel electrophoresisE ©]-8-35}¢
ERE 2L BAIge 25 dee) W04 ED 7
-9 DNA band intensity= HFU27E 1FU7HA] 7P =4
deRtot 1 |2 Fastel 1525 F W UE ol
=%t band intensity S YEFY et vHH, 143} 33 HEEY
ED 4 band intensity= AZAZEE Z27]d&= v|FE gz
23} vlgalglont o % FAsiA S7ksted A4 7 SR
3%7}A] band intensity7} @EFN HELL B}t =9hth whabA
alginateol] A. woluwensis EDS 11A335}o] 2-831= Whyo] dEr
of g wct AE o] 250 BHE AIAOZ FAsA
NS 6% 2Rk Ao e,

2ol g

o] =22 “2013¢ = Z}HYdgtn stedRAH 2 d3L5)
F-2(TAHE-120131240)”.
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