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Biocontrol Effect on Phytophthora Root Rot and Changes
in Rhizosphere Bacterial Communities in Ligularia fischeri
by Enterobacter asburiae ObRS-5
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Abstract In the biological control of plant diseases using microorganisms, there is always the possibility
that the microorganisms selected in laboratories may not achieve the expected control effect under greenhouse
field condition due to various environmental factors unexpected; such as sun light, low/high temperature and
humidity. This study aimed to evaluate control effect of Enterobacter asburiae ObRS-5 by the treatment
concentration (10° or 107 cfu/ml), interval (7- or 10-day) and frequency (one-three times) under two different
conditions; glass- and greenhouse field. We also analyzed the rhizosphere bacterial community using 16S
ribosomal RNA gene amplicon sequencing on the Illumina MiSeq platform. In the glasshouse experiments,
all of ObRS-5 strain treated had an effectiveness with significant differences compared to control. On the
other hands, in the greenhouse experiment, only three times treatment of either 10° cfu/ml at a 7-day interval,
or 107 cfu/ml at a 7- or 10-days interval had effects on suppression of Phytophthora root rot. The rhizosphere
community was composed of 21 bacterial phyla and 452 bacterial genera. The bacterial community structure
was changed in resident soil bacterial community of each samples, and these changes resulted from either
treatment of E. asburiae ObRS-5 and P. drechsleri. Thus, E. asburiae ObRS-5 strain influenced the relative
abundances of operational taxonomic units belong to several genera. Investigation the bio-control effect of
microbial treatment condition and rhizhosphere bacterial community provide important information for the
development of effective application method of useful microorganisms against plant diseases.
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et al., 2014; Borriss, 2015; Gupta et al., 2015). PJREA =
AEY T a5 WAl 295 Jeidlle M, 2, vle]
H2A 5O8 THE AES d4ZoH, HallF WA o= &
Aol o] & & Je= Y92 EPNE, A71E LalSA, &
T & 1, 4857 2 AxZE 5] th(Johansson
et al., 2004; Khan et al., 2007; Chandler et al., 2008). &
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Jom, a2 elde 7|2, Fkolu ot BRSS9 4
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(Mahaffee and Backman, 1993; Szczech and Shoda, 2006;
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fA3oF dth(Baker et al., 1968; Haggag and Timmusk,
2008; Krzyzanowska et al., 2012; Liu et al., 2014). &1}
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Enterobacter asburiae ObRS-5 #F2| Xg| =74
ol diy st A

24X E. asburiae ObRS-5 52| &3 =l tish
WA 235 AAs] $lsl HEE A E(Seoul Bio Inc,
Korea)E ©]-83l 323 Edolol| T (Ligularia fischeri
cv. Aram)E I3t} E. asburiae ObRS-5 45+ KB
(King’s B Broth, Difco) BJA]ell HFato] 28°CollA] 2¢d 7H
150 rppmo.2 At & F=5 1x10%cfwml (ODgo=
02502 AN} E. asburiaze ObRS-52] KBo|YFel&
1087} 100802 314 3ke] 1x107 cfu/ml =5 1x10° cfu/ml
TEE FHEY 2<o] 3u) AN FH E. asburiae
ObRS-5 HlJoS F 50mL 1x107 cfu/ml Ee 1x10°
cfuml TEZ, 79 EE 104 7HHo2, 1-33] A3 A3t
R, FA A= A E 2 Fo= AU tHn=16).

Adak-2 W E. asburiae ObRS-5 @59 &3 99 =
A E3hs F95dHAe QA ER A AP RS
(&, 35°49'33.99"N, 127°2'39.89"E)ollA AA & ATt Sk
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Table 1. Disease severity index in Ligularia fischeri®

Disease severity index

Symptoms

0 No visible symptoms

of total leaves were wilted

3 Entire plant diseased or dead

Slightly, 20% of total leaves were wilted with brownish
lesions beginning to appear on the stem

Stem lesions extending to cotyledons or petioles and 50%

,] +HE 01” O}C’i\:} E. asburzae
e Ao R FH F9F 100 mL
7 W] HFYOZX P drechsleri 5+ B3t B
ZujA o] HFste] 79 7+ 25°ColA A Xkt Be
wiA= 40 g0l AR FHF 45mie B3 121°CelA
205 7F 23] Hste] EHSIT). E. asburiae ObRS-5
9] mpA| A ﬂo]iprﬂ 74 3 BE|a)A| v P drechsleri

© AR EFS 1om Zol2 AW & #3 77 19
A i Al Xl%*@%—o}‘}iﬂr. 9 WHEE Table 1=

7102 39 WS 03T ro] AT

Enterobacter asburize ObRS-5 X 2|0 2|8t ZF =H

O|A§ 2 Ao| B3} EA
E. asburiae ObRS-5 o5 A& 93t A= 3
Tx2o] W3E B8] fl8l, AlPETe] MEHYE )G

@E 1 1 (viv) & &gste] ofdatel] g2 & A7)eh 2
S RO RE FHE oA oA 27 F A Ao +
_ﬂ =24 ]_ng(tg.L ]7(42 \q}zq_)g Dxlo]i 3u}£
2 2 5t jr— 0x107 cf/ml 52| E. asburiae ObRS-5 B
ag 7Y A SR 23], 9 100 mP¥ #F X3,
2roe 22 ¥l =2 xmo}om E. asburiae ObRS-5
o7 AT APURRE 7Y F, ®HEuiR] wig P

drechsleris E. asburiae ObRS-5 A9} tZ21o) A7
o} 22 o R HETSIUT ZHEY AEY A= E

asburiage ObRS-5 & A2] 3Y4 F(3 DAT; 3 days after
treatment), 102 (10 DAT), 202 (20 DAT)ol| 3¥HE0 2 2}
ST o] FolA AW Ag] F AFT AFSQ] 10 DAT
9} 20 DAT= 7+t 3 DAI (3 days after inoculation of P,
drechsleri)®} 13 DAIE YJERQItH 2WEY A EE 47

slal 32 welvk A5 W e & oksbl £50f vz
W EF AL Pl OIS oF 1-2mm o1
29 EFL A 98, wadg we ol wels
Aol HlS S0ml B %_a_oﬂ 87 "o} AR
AL, AEog AR YelAE Hle] 24 d UREL
& WE T nASAG. RE AR A2 95 7, 22

AE 8 42 913 Nlumina MiSeq #41< Microgen
Inc. (Daejeon)ell 9]F3I Tt 4] A3} Aozl Q7 IMEE
2 IEH] AlFX dolHE 7] $13 adaptertrimming
4 FLASHE ©]&3% read assemblyE %331, CD-
HIT-EST 718k} OUT 4 =2 731Q1 CD-HIT-OUT (Li et
al,, 2012)5 o|-&atd A|AA JdHE FEHe e 49
A4, 71Hzt M8 58 AAS F 97% o1 A fAMS
S zh= 497]8] OUT clusteringS 213Y3153t}h. zH OUTS)
Y EAEL Reference DB (UNITE 7.2)0] UCLUST ()&
Faste], FrAMdel 71 =2 subject®] taxonomic assign-
mentE YL QIME (ver. 1.8) (Caporaso et al.,
2010y ©|-8-3}% Shannon index®} Inversed simpson index
£ 73l Rarefaction curve®} Chaol #=S 53l alpha
diversity J 2E 13T}

SHEN

EAENE R B4 T2 (ver. 3.4.1)S o833,
AT Wl Bt 7+ FAF HASS B4R (analysis of
variance, ANOVA) ¥, a=0.05 FFollA ©17ke] v ¥
779 (Duncan’s multiple-range test)S AA]3FA T}
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Fig. 1. Bio-control effect of Enterobacter asburiae ObRS-5 on Phytophthora root rot under glass- and greenhouse conditions.
Glasshouse (n=16) and greenhouse (n=120) potted plant efficacy. Disease severity (%); Means =+ standard errors are presented as
bars, which show how the data are spread. Bars with lowercase letters are significantly different between treatments, using DMRT

(p <0.05). “once treatment, “day intervals - number of treatments

LA MM+ E. asburiae ObRS-5& A 23t RE A&
TFolA AW WA g3t AT w7 A FEE UA|
e SAHSE Aol7t At 244 1x10° cfu/ml
FEE AU W 41.3-77.5%, 1x107 cfwml FEZ Az
Be W 36.3-81.3%2] ot WAl Gt et om #2]3l
T7F BETE WA §?+7} FolA= 7ol Ark(Fig. 1.
A). £, 79 744 33] = 109 7H4 23] AS o 5Al
FIE 712-81.3%0 2 B}% AzAne et &
2 ZANME E asburiae ObRS-5 #5213 A S
o) 9 WA @37 IAE wbE, AJAE-2 2 270
M 1x10° cfu/ml 52 13] 2] A] d T 270
o} W2 o AT FAHCE FolahA] eSkthFig. 1.
B). A|A&}9-20)A E. asburiae ObRS-5 d+2] &Y HHA|
= 33] ol M AE ARt folg s HYlo
, 1x10° cfw/ml FEZ A2 Al 36.3-66.3%, 1x107 cfu/ml
TEZ A Al 25.0-65.0%20.2 UERdTE A e~ 1
ZA0NA E. asburiae ObRS-5 #F2] 2] =9 ¥A &

ol {9 g 2pol= ERHA] BUTH Berger 5(1996)01 ©]
s JAEZS HHlstd HAdAe ASE IRl

Bacillus subtilis &5+ 2] %7} 10% cf/ml o]go] 2
o) HAsk W WA 38 48 F Ad sy a8y
E. asburiae ObRS-5 @2 75 Ag] T WA g3

oJgk zto|7} YERA] ok
Tstal WA 712 79
Ao AR H

Enterobacter % ol 23t 215 W WA a3= o2
A= B IEAT} Nelson et aloll 2|31 E. cloacae
D55 Pythium ultimum A1 Agste] A TS A
a3, Pythium ZEW o] -8 A sittal sisith. A&
2 WA ol o] &% = N Trichodermass 45
= 22 YAREES AASIe] P o drechsleri, P cactorum, P
sojaes} P capsici®] TAF BEE A5 LS o1
21E9] Wof A iz FEE S7HZIT AL gEA Tt
(Bae et al, 2016). °|25% F-80|AES o83+ Phytophthora
spp. o thet WAl A= Bo| FAEUA T, Enterobacter
sp. ol &8+ Phytophthora ¥ 2 2= ®aflof gt WA
A7 Bd v Utk E asburiae ObRS-5 @2 F3
A A ot 99 WA ad= F71H 717 ol
a3},

Aoz Hoh, el 44 F=
] 9% 271 Ak B8

we it Jo

Enterobacter asburiae ObRS-5 X 2|0f o8t =F =0
E =3 24

E. asburiae ObRS-5 o 2] A3} 3o -3 2
& AEE AP WHEeR FAEHGOH AE T FHA
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Table 2. Summary of [llumina MiSeq data obtained in this study

o
~
Tor
iz
pal
H0

Samples No. of OTUs Chaol Shannon Inverse Simpson
Pathogen nontreated control 589+£953 694.5 £ 149.1 6.3+0.72 0.939 +£0.047
ObRS-5 3 DATY 742+23.3 871.5+30.9 7.5+0.07 0.987 + 0.002
3 DAI? 716 +50.9 813.5+103.7 7.1+£0.32 0.975 +0.009
13 DAT 777+42.4 945.7+58.3 7.24+0.20 0.975 +0.009
Control 3 DAT 607 £ 140.6 698.8 +197.9 7.14+0.23 0.982 +0.003
3 DAI 761 +£56.2 856.7+87.8 7.5+0.12 0.988 +0.001
13 DAI 775+ 60.7 924.5+111.2 6.5+0.76 0.917 +0.062

Values indicate mean = standard deviation for three replicated runs. *days after treatment of Enterobacter asburiae ObRS-5 strain, "days after

inoculation of Phytophthora drechsleri.
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Fig. 2. Rarefaction curves for operational taxonomic units
(OTUs) clustering at 97% sequence similarity of 16S rDNA
sequences for each sample. Error bars indicate standard
deviation (n=3). ?days after treatment of Enterobacter asburiae
ObRS-5 strain, ®days after inoculation of Phytophthora drechsleri.

ATt o] FollA
NA2E AASHRE quality controls F3] F
707,70570¢] 1FD AIRAE A90m F 14,90071 9]
OTUE HVAE A AREsisitt. 24 43, &
g #1920 Shannon # Inverse Simpson #fe EE
2] TollA HYdE vHE U273 vlaste] A4 vl
THTable 2). &8 ESolA 3 DAl #HEE £ oA A
% E. asburige ObRS-5%2] 77} 27 H T} k7 Uoro
U BAF SR fosiA] eattt.

Rarefaction curveg 53l A2 7+ § FHEE Hluwsh
A3}, E. asburiae ObRS-5 A 2|04 =9koH tjx4+= 3
DAI®} 13 DAICIA F71ek 73 &Fo] A th(Fig. 2). B ¥4
< HET9 X7 3 DATY] 2l & F5=7t v
Uelhd o= E. asburiae ObRS-5 &= IS A3}
A S| wEo g AE), o] thE AA &
nAE A2 T ESrAE 19 F o] Srkeitha
R 73k v} 91t}(Shen et al., 2015; You et al., 2016).
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Fig. 3. Bacterial distribution at the phylum level. Error bars
indicate standard deviation (n=3). “days after treatment of

Enterobacter asburiae ObRS-5 strain, “days after inoculation
of Phytophthora drechsleri.

Phyum &9 Z3MTE =& &4
E. asburiae ObRS-5 @-F % ¥ A9 o3 Z2HE

=
& PAE EE HEE T oA
TUEY] & 5 :
E3ato] F 2109 Al £o
I} FEoA ZAlE 24 Wole AA
e Aol ogk [AAQ B nAE +9 ) F
W37t 2R 2l B9l IA vERdths o
A A Aol 7+ AFo g AYZEHLee et al, 2015).
HHF vHT U271 E 283 2 ZHEYNA Proteo-
bacteria +(51.46-65.32%)°] JiFH=rt 7P =k,
Bacteroidetes <7(9.21-17.15%), Actinobacteria <(5.57-12.27%)
TOo 7 ol e Aol & ol 7HE $--Ed
Proteobacteria®] 3t FF T HYA HHF 2704
7V =9kow E. asburiae ObRS-5 A2]3} 3 DAT, 3 DAI,
13 DAINA 2]l Skck(Fig. 4). Proteobacteria= 4
R oz 23} HlZd BEYolM A8l vy dEA
2ATHSchloss and Handelsman, 2006). E. asburiae ObRS-5
oF A & FF WA Proteobacteria®l e

e D

i
o

> Hr 2oy rjo e
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9 a 9 N 9
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© © © 44
[ o [
2 204 2 5 2
s s & 21
& & &
c T T T .l_ T T T c 'l L _l ’l _l _l L c ’I_ T T .I_ T T T
T T < I 7T < < < < 3 T < I T
E 2 3 g 8 § £ 3 2 g § g g & < 8§ § 5 8§ § ¢
Q a @2 © © o S ©@ - © - 8 e ©° 2 ® ©° (] 8
E. asburiae Control gg E. asburiae Control 53 E. asburiae Control EE
ObRS-5 28 ObRS-5 g’§ ObRS-5 23
£ £E £E
o a cg
Treatments Treatments Treatments

Fig. 4. Relative abundances of bacterial phyla, Proteobacteria, Bacteroidetes and Verrucomicrobia. Error bars indicate standard
deviation (n=3). Different letters above the bars indicate significant differences between samples, using DMRT (p < 0.05). “days after
treatment of Enterobacter asburiae ObRS-5 strain, ®days after inoculation of Phytophthora drechsleri.

Bacteroidetes, Actinobacteria®} Verrucomicrobia 2| 57}t
o 2]3t Ao 2 AlZH . Bacteroidetes & ObRS-5 #]&]
TollA 3 DAT (12.54+0.51%)0] thE7(9.21 £ 0.81%)%.
o} =3 3 DAT (17.15 £ 1.16%)0l %= thZ7-(13.40 + 1.8%)
B} 26 =t Wb E. asburiae ObRS-52] A €]7}
Bacteroidetes 2] F5F57F S7Fetet 932 & o=
A"t ZHAA Bacteroidetess ¥R A3l 523 o
&S ity BAE vb Itk(Yousuf et al., 2012). &,
Verrucomicrobia 2] FHEF 5= W7 HIHE A2+
(3.22+0.74%)%} &5 *2|s 3 DAT (3.86 = 0.49%)°lA]
7V QY3 E. asburiae ObRS-5 ] 7-(5.25-6.45%)°114
2 ooy FAIHCE folakA] ddth(Fig. 4).

3T

Genus =F2| CIMN Hlm

=3 2 EYnAEY] EXE TSR Ay Algs
£ o]g3le] Ao OTUY 98l & 452709 M3t &0 EA)

stk |A A2 7
Ue &8 AEst el &t
9] OTURI &2 A9 vl o33l thFig. 5).
Flavobacterium 42 OTU H| &2 E. asburiae ObRS-5 #]
2 A (0.8%)2 F(3 DAT, 1.7%)ll 23+ 2po]7} Qiieut
ObRS-5 279} thz=72] 3 DAI (42 7.4%, 4.4%)°1A
7Vl ole Wt HEol g JFor Y7t
Arachidicoccus 52 BT AHE XA 3.9%= -
AR E. asburiae ObRS-5 @5 #2] 3 3 DATOA]
of 2% fhaehe 7S BloH, 9l A B A
2]olA 0.55-1.31%2 OTU H|&o| A3ttt Emticicia
2 OTU H]&-2 3 DAIC| ObRS-5 *2]7(0.4%)e}F 2+
(0.48%)°14 7181924 13 DAICTE thZ7-(0.48%)°01 A
ok =0 29 HAE% I ObRS-5 A T(0.01%)04 =
AT ¥HE A270.01%)9F 2 o2 7asisin

o
FRE WaE T et
T, BAROE o8 Wapt agsE

Flavobacterium, Arachidicoccus, Emticicia %2 B Bac-
teroidetes o 438R=Y| BacteroidetesS <-H EYIA
718 FAlE Se FE Agkl 8% 9 s Aa &
st AHE fAAE et EaE HF Aok(Van
Spanning et al., 2005; Yousuf et al., 2012).

Pseudomonas <2 ObRS-5 2] H(0.4%)Et A $(3
DAL, 1.5%)° OTUM|-&0] °F 4] S7Vsliet. @, Cellvibrio
9] OTUM]E2 ObRS-5 A (3 DAL 0.86%)7F A&
Z(0.01%)Et =9kar, thZ27(0-0.03%)%t Hlw S o 5
g3t 718 YJeM=dl o= E. asburiae ObRS-5 4
Aol o3t oz FdEch mEkA #3H ZHolA
Cellvibrio%s OTUR|E9] F7h= ObRS-5:F°l| €]k +5]
oW WAl Fog 9T ke AR ALRET Spingo-
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B3 o Wi &7 ¥ 2 MF 2T W
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