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Development of biocontrol agents using
antagonistic bacteria against Phytophthora
blight of pepper
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SUMMARY

Currently, yield and quality of marketable peppers are frequently limited by
Phytophthora blight caused by the oomycete pathogen Phytophthora capsici in
Korea. The control for Phytophthora blight of pepper is dependent on use of
chemicals such as metalaxyl, phenlyamide fungicide or fosetyl—Al. However,
consistent application and misuse of these chemicals can cause development
of fungicide resistant pathogen, destruction of an ozone layer, residue
problems of agrichemicals. Therefore, as an alternative for these control
measures, biological control with many different types of microorganisms has
been regarded as an attractive, environmental—sound alternative for plant
disease control. In addition, consumers prefer environmental friendly
vegetables and concerns and demands on environmentally friendly biocontol
agents have been increased. Therefore we will produce a higher value added
in agriculture and environmentally friendly growing procedures through
development of biocontrol agents using antagonistic rhizobacteria against
Phytophthora blight of pepper.

In this study, we isolated 439 rhizobacterial strains from soil of cucumber,
pepper and tomato of 12 regions of Korea from 2001 to 2003. Out of 439
bacterial strains, 16 potentially antagonistic strains were screened through
radicle and seedling assays and in planta trials, and five candidate strains,
CCRO04, CCR80, GSE09, ISE13, and ISE14, were selected for field tests. we
conducted a sequential screening procedure to select antagonistic rhizobacteria
against Phytophthora capsici and evaluated control efficacy of drench or
root—dip treatments with the selected strains against Phytophthora blight of
pepper in the field. In 2005 and 2006 tests, the control efficacy of the five
strains was examined against Phytophthora blight of pepper plants drenched

with the bacterial suspension in artificial pathogen inoculation. Three strains,



CCRO0O4, CCRS80, and ISE14, consistently reduced the disease in both tests. As
another form of application, the control efficacy of root—dip treatment was
examined on pepper plants just prior to transplanting in the field with natural
inoculation in 2006 and 2007. In these tests, four strains, CCR04, CCRS0,
GSE09, and ISE14, showed consistently good control efficacy against 2.
capsici, and strains CCR80 and ISE14 increased pepper fruit yield. The
strain—treated roots had less infection rates by P capsici compared with
control roots regardless of drench or root—dip treatments. In addition, the
strains did not affect the populations of bacteria and fungi in the rhizosphere
soil. Therefore, the antagonistic strains selected from the screening procedure
provided significant protection against 2. capsici through pepper root
colonization. These strains could be applied by either drench or root—dip
treatment as alternatives to agricultural chemicals to control Phytophthora
blight of pepper. We identified previously selected antagonistic bacteria KJ1R5
as Chryseboacterium sp., KJ9C8 as Chryseobacterium wanjuense, KJ2C12 as
Bacillus luciferensis and CCR04 and CCR80 as Pseudomonas corrugata,
GSEO09 as Flavobacterium sp., ISE13 as Lysobacter enzymogenes, and 1SE14
as Chryseobacterium indologenes. For estimation of disease suppressive
mechanisms of antagonistic rhizobacteria, production of antibiotics, extracelluar
enzyme, biofilm, HCN, siderophore and root colonization and competition by
the selected antagonistic rhizobacteria were tested. Strian ISE13 produce
antabiotics and extracellular enzyme such as proteinase and chitinase, and
strain CCR04 and CCR80 have biofilm production, swarming ability and
effective root colonization ability. Strain GSE09, ISE13, ISE14 also have root
colonization ability compared to £. coli as control strain. Therefore, the
selected antagonistic rhizobateria will effectively colonize on pepper roots and
protect infection courts against ZFhytophthora capsici and have biocontrol

effects.



For the development of biological control agents to Phytophthora blight,
culture characteristic analysis, formulation, industrial fermentation and field
test were conducted with Chryseobacterium sp. ISE14. Strain ISE14 was
maintained of 7.5%10° cfu(colony forming unit)/ml after ten times of
subculture. 1% glucose as a carbon source and 2% yeast extract as a nitrate
source were selected to optimized culture condition. Strain ISE14 was cultured
on 5L jar fermentor in selected medium for 24hr at 30C (600rpm, lvvm).
This culture broth has 2x10%fu/ml of survival colony unit. Twice glucose
feeding were conducted during the strain ISE14 culture on 50L jar fermentor.
From the fermentation test, cultured broth's OD (optical density) was
increased from 21.8 to 37.0, but maximum survival colony units were not
increased. Solid type was selected as strain ISE14 technical type because this
type have advantage of colony survival compared with liquid type.

Survival colony units of freeze—dryed solid technical powder in strain ISE14
was 8x10°cfu/g. This technical powder was examined in wettable powder,
granule, water dispersible granule and suspension concentrate formulation.
Through the aging test of each formulation, wettable powder was selected.
After it was examined to change inerts and surfactants, diatomaceous earth
as inert and anion surfactant PX as surfactant were selected. CFU at 50C
was maintained 5.2x10"cfu/g during 7days and 2.8%10°cfu/g during 14days in
wettable powder formulation, but cfu was decreased after 14days. Survival
cfu at room temperature was maintained 6.7><106cfu/g during 7days,
2.8%10°cfu/g during l4days and 9—5.6x<10°cfu/g during 56days.

Technique and formulation of strain ISE14 were examined to acute oral
toxicity, acute dermal toxicity and fish toxicity. As a results, each lethal dose
50 (LDso) of acute oral toxicity and acute dermal toxicity were over
5,000mg/kg. In case of fish toxicity, lethal concentration (LCs0,48hrs) was over

10ppm, these results not have any problem of toxicity.



Through the fermentation of strain ISE14, 2.7X108cfu/g of technical was
produced by using five ton industrial fermenter and freeze dryer and then
30% wettable powder was produced after mixed with co—fomulants. Efficacies
of strain ISE14 technical against Phytophthora blight in greenhouse and small
scale field were 51.3 and 49.0%, respectively. Strain ISE14 formulation was
tested in pepper field of prevalent Phytophthora blight (Uiseong in Korea), but
efficacies were low being 36.4% at 8 days after last treatment and 16.5% at

29 days after last treatment, respectively.
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WAEERS ARTFEE SehEeF Ag A4 A o8 20149 o
3304009 gejo] A qFR7E 2 Folgtal o dHT).
1) 2014 & 9] MAEEF AR o S5A] (9] (1007 &)
(International Biocontrol Manufacturer's Association, 2004)

oAl
WA | NAFTA | wel kel epel |\ T a
[e}

iy 15 80 10 5 20 30 160
H}o] & 2~ 10 15 10 2 5 10 42
=370] 25 45 20 3 15 20 128

A 50 140 40 10 40 60 330
A4 vae] A9E e BE 4R wore] EPA 552 o F-83te] A4}
AAES #Belstal g, 20059 EPAC] SE2FH mAdE FoF T& = 787
2, 25%¢) vlggo] 5550l 4ES Hu Yor), 1099 Lo vEe /S
39l (CPL Business colsultants, 2005).
3. 4oz A%
o mF oy RAE A AV15A K8 A2 A A% 2 FYH o) g
o] 7hsall A Aok a1 F 9 WAL vAEAY] A Hrket A& e
JfRko] o] Fo] A gt
U 2 AT AR s e vAES o]&dte A=A WAAE et aF
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02t

M3E dAusd g ¥ A
A 1A AL 5 W

Al 1 AFZA  JAY-ZHATE o] 8T FEH A S WAE A ML
L 71448 WA-2dATES 15 934 dg d3as AHY 2 2344
7b A7 28 A

20019 5-E 20033714

[e]
o
BEY sk BN AFS Belats] 9lstel

of ¥ %, 160rpm o2 28Coll4 3083+ Wenj sl on, e
S wEat] flskel A HEE WA ¢ F kA A dEs e

Z]
o] #E NS cyclohexamide”} 50mg/Le] F%E® E3HE o] U= tryptic soy agar

¢

(TSA, Difco, Detroit, USA) #i#|oll Z=walo] 48A]7Hg ot vt 3 3 ez o
2 g Ags BEsiden, B3 455 20% =EolAEo] =

51
H
Nutrient broth (NB, Difco, Detroit, USA) #jA] ol wjekxlo] —70TCoA BH#A=Y

28CoI A 39 B WAste] mFe] 42 WYL FEal Agarh 3 o
1 395 syl on, 3
5

o wjokE 1 I do #AF A E 23X Y (corkborer) ® A E 0.

W+ Phytophthora capsici= V—8 juice agar B X ol 4
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7=l water agar (WA)u|#| ¢

=
“

= % =53Z27F 0.02%

Fo] 58 %<k 28T ol A w2

S

s

[nt

NAo| A 48A]7H5

2 10mM MgSO, buffer=

1

Z

o}

=
3

mJ
oF

of A AR 1F FApe)

o} 28T A 2—-32

TLEZ

500mle]

KN
=

stom, v 2

A+
W (oatmeal) HEX] ol A

S

<2 10mM MgSO4

T

°
[e]

E=1

A2 NA (Nutrient
.
At FA;

]

].

5}
F, 4w

=z

4

At}
agar, Difco, USA) v oA 48A]7F=oF 28°Col A uj
1

tlom, At g NS HE 1gol 1ml
dolA 25 Ft A

10mM MgSO, bufferel

°©

L

R

=
<

Fo] 48A17F5et 28ColA 160rpmo & wjFalgitt.

of W YjxT

°©

o

3lo], 1071 EA1ol o

wol g &9

(e}
F E=2+= 8HA 3ukE o5 TKS2:peat moss”) 1.5:1 (v/v) =

7F 970 128 Eg ol uF

7](;1}_

1=}
T

st

319 - (radicle) ol A
[e)

(seedling) ol 4] 9]
15 QF 28°ColA] uf

=

sttt

L
E

o
o] 10mM MgSOy buffer® A600°14 O.D. 0.5 (¢F 108 cell/ml)¢] =& B53]
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200533 20060l JAAHMAST 2 HSS 9l8te], 1F FAE 20059 3¢9
264, 20061 39 16¥°l wFHd o ] 2005 6¢ 1Y, 20061 5¢ 10
of Z}z} AAE It XA A= duiAEtE o, Aed 40454 48t

55 a¥a ERTEE 10mM MgSO, buffere} 113 WS A3 935k
7 wol AREE A Qe AAIQl WEFE (metalaxyl) S Al Z2AFY] A AGAL o

g

2t A stelet. A& Al Al dgdS thEo] 2005+ 79 2393 8¢
6, 2006 3= 79 26¥€37} 8Y 2ol 23]d AA EAF AAR 1
2

f
N
(e)
()
=3
X
)
4
R
i)
)
Q
i)
o
o
ox
N
o
o,
>
it
ok
g
=
il
K
Xy
18

T A nF B2 AQeiel ATl Aol @ W) APEE Aa
AR S F5] Aol 20059 A7) AEA AU, 20060 57 A EH

iEsel Qolz 4EY Suvk AEYY nF PIF lemd] AT A2 F

a3 A AguxE de] AMeF3l 9+ PARPH (Pimaricin—ampicilin
—rifampicin—PCNB—hymexazol) HjX]ol|A] B HAE(%)S Hrs

PARPH ®jA]= 7] ®lX|& cornmeal agar (CMA) 17g/LE 9bdE+ o

pimaricin 5mg, sodium ampicillin 250mg, rifampicin 10mg, PCNB 100mg,

Hymexazol (70% a.i.) 50mg/Le] FE& ZE3dle] &8st} e 9 7+

& PARPH wiAell 1eme] =A7]2 5 Hes5 et &v ¥ F 15 9494
ol

of e 7w WA A

to
rlr

2
=

alo] 47, 200639 = 5709

al
=93 EY 10gs 100mle] Ao dg3t & EF dAgA S Alo] g =23 Aln}
o] = (cyclohexamide)”} 50mg/LY] T == &%

Lddtel EGUW EAst e T Alwe & Brbelen, OAES HiA]

TSA (Tryptic soy agar) 8] =]l

(agar 20g, sucrose bg, yeast extract 2g, NaNOs3 1lg, MgSO, 7H.O 0.5g,

AN



KH,PO, 1g, Na propionate 1g, Oxgall 1g, streptomycin sulfate 50mg,

chloramphenicol 50mg/L)o] E=Este] E &3t 9= F FFolo F=
7} skt

20067 20079 2 AES flsto]l A7l WA AAH dEAwe] A

W Aqelu]x] ¢l PARPH wj#|o] 113 &S 1lem 7|2

2. A48 W24 AFY A, EAYEFH £7, 543

7}. 16S rDNA analysis

2 ol gstel MHE AHgtel BASIAL AR B4 flstel YnHom AHg
sh= AIRel 165 rRNA 971H9(sequence) S FEsH7] SAstel AFAT

DNAE #elstgieh. AgAztS vieket 5 3,000rpmell A 10&5 ¢ A4l #2384
AdS Fgste], 300u ¢ SET W (buffer)® Alo]FAct. ol

(lysozyme)& 50mg/mle] =2 RH= F 6ul & 4101 F 37ColA 1A7H&<t
W Fsteleh. wieFst & 1/10 F3¢ SDSE H7Fst ¥ proteinase K& 0.5mg/ml
o] sEE E§ste] 55TelA 21 7Hst Mgek &, 75TCol 4] 205t Ao
2 proteinase K& E&A 3 Zt} o] ¥ RNases H7tete] 37CelA 305
Qb wl ek F 1/3 #3919 5M NaCla} 153 SFREEZES Fste] oA

302E < M gFa Tk Wids 10,000rpmel A 105 A4 R ate] A2 A5

=

o A ZE 4] isopropanols £33 ¥ DNAE Fith. Fggt

DNAE 70% A er2 =z 23 A2 sle] A8 )

AN



o]o} o] Eg 3 CCR04 w59 DNAZE universal primer$! fdl (AGAGT
TTVAT CCTGGG)¢t rp2 (ACGGC TACCT TGTTA CGACTT) Xzglo|WZ
ARE-3le], PCRES 4=838k3ith. 16S rDNAS PCRS S8 F33t7] 93 2d o
B, %7 95ColA 435S 3 F 95Co A 48 58TCoA 18, 72T A 28-S 35
3] AYstYg o, mA]9 extension steplZ 72TCAA 10&%<¢t PCR3} T
PCR AHES 0.8% ol7fz= 2~ Ao A7] %3 & £3}s9t}. PCR 229 3}
g 93te] A7) 9GEske] UVelA 215 PCR T&E WMEE 2elste] —20Cd

F3H8le] 1.5mle] W ® FHol & F 400ul¢] TE bufferet &3t} o]
= 2AF(24:1) SN HUtste] 3¢ Ao F 13,000rpm
7Rt ARt AR e 400uE MRS FHA ¥

m 5.2)5 H7Fetal Ao+, 1mle 99%
NerES A7 F —20ColA] 151F F3th o] £ 13,000rpmol| 4] 1552t ¢
|22 & oA FES AAGL, BA 70% AEE 500ulE e
13,000rpmell Al 5&37F Al ste] =48 PCR AH=ES AUtk oloF e W
o% 438 PCR AHES  fdl (AGAGT TTVAT CCTGGG)¢t rp2 (ACGGC
TACCT TGTTA CGACTT) ZgolWz2 A7 <EA4 (sequencing) S 3H3oH
°F 1,400709] @71 EES wA1ste] NCBIOA] blastale] 24 ak3ltt.

o>

. FohaAaEv]
£9 FAAAAV AL Fakel APARe] AR AEe] P
shel NAMIAOA 2421359 AGAES MAstdon, o #Ee] A% AF

o
A8
1%
o
0Q
=3
o
o
o)
&
o
=
o
=2
=
o,
>
™y
O“
=
=
2
2
o
=)
o,
o
fru
&
e
O
ol
s
O

t}. Biolog ¥4

AgAte] A2 g2 965 7FY & o8 F A=AE dAstr] $18k
GN2 Biolog system< AF&3te] #4131t} Biolog systemS ©|-&3}7] ¢35},
AzA S 244175 TSA iAol Al visiion, 0.8%2 A AAT=E Al

A A



7 A FH)ste] EFFPEARZ A600914 0.D=0.52 Ao =5 DFAch
o] Mo HAEFMNE GN2 Biolog 96well plated] 100pul% ©& & 28CoA 24A]%F
o wjokslich. wik®El GN2 Biolog 96well plate™ @ o]& Axo| wle} w3

o] ¥o] Miolog GN Microplate systemoll4] Microlog 3 database release 4.01A
(Biolog, Hayward, CA)& ¥A13}9it}.

g}, Fatty acid methyl ester (FAME) analysis

Algtel Aat el wE Al EF 2 58S 7] et AEAlAe
Fatty acid methyl ester (FAME) H#%& F%53}o] MIDIAA~®S o] &3k 7}~3
2utE g ulo] o3 5433t

3. AEd WA-IE Al 15 A B IA FE 71F AT

it WAL AAREAT Brtet
7] Slete] V8 agar WiXolA AwwaFe #AAE olAE wAeh AT
M-S V8 wixe] Jhdlol| wikst Alternaria mali, Colletotrichum
orbiculare, Fusarium oxysporum. f{. sp. Ivcopersici, Magnaporthe oryzae,
Phytophthora capsici®t Rhizoctonia solani®] TAFE 5mme 7|2 zHg} vl A
of & 2ol HFT T 5 dIAel o3 A=HAdde dAF A A a2 s
Brbstdvt ek wjA o] gl wE dAMEA oA a3E Hrkstr] 9k

glycerol,, glucose, galactose”} H7}el wiA|o A A& WUA dAF A A

AEAto]l Aoz 845 ZHFo=HN B o3 HTAS FAar]Y
=AE  H7Es7] 918ke] proteolytic®t  chitinase  activityE  H7F8FSI T}

proteolytic activitys= milk agarollA H7}8F% 2™, chitinase activity: chitin

Ar-



oatmeal agaro| A Alerol] ¢&] HA ¥ = diffusion—clearing zone L. E 3 7} Tl

t}. Biofilm 4
A3} A4to] biofilmS HA =4S microtiter plate assayE £3to] H 7189
o}, 43 A€ 96—well-PVC microtiter plate (Fischer Scientific)9] biofilm
growth media®l| Al 48A)7F5<t v k3l 2™, microtiter plates wellel] F-Zr5 A
TS 0.1% crystal violeto. &2 M3t & 33} crystal violet G2 Al okS A A

5k 3 80% ethanol¥} 20% acetonel Z &3|AAH EF LS =Asle] Hratt)

Zt. HCN 34

AakAlgtel ok W grael] A Alqto]l Pk HCNo| ool =A&
7Fek7] 918k, 1%9] picric acid®} 2%°] sodium carbonate &<oll A 2]
paper discE AF83}o], paper disc7} =@ MojA HLMo g HEE AS #z

o H7hehgih,

[e3

oy o o

v}, Siderophore &4

73} M1+ o] Fe—chealator?l siderophoreZE A 3=4S H7lsl7] 93ke] CAS
medias A Z3te] Aldtol] 93t siderophore A FHE H7stE T AlvS vl
oF 3 & u}gkAle] CAS mediaZ} =Moo} F3pMo 2 HM3lst= AL positive

reaction® 2 H7}3}S .

v}, Swarming ability

Aol swarmings o= 7|5 B R I Feld Aol
AZFE)o], swarm agarE 0.5% agar® WSO A
swarming abilityS 3 7}stgth. swarm agardl® 13 ] AEES 233519

B2 wHH §AR 20 WEo] Fol BraAT

¥al



4. A28 Ade AT 1304 AT HEZE 3F 78 dF

it
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ol
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ol
£
jon

o
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o
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w
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o

o

AA 8kl A#¥ quartz sand7b B3 wj S

growth chamberdl Al 70% ASEe 16417 F2AE FXstAA afLds Y a,

WA ZAAT e Ao BA g Askr] f18ke], spontaneous
rifampicin mutantE A Zsle] 1F A A EANA A7k wE A A A 1F
A re] Al B WS BUbsklt 45 L Al d3AAS A
gt 179 & TS HETote] A3 AT rifampicine] H7FE TSAH| Aol

=ste] Hrbeldal, g Aue G A%l PARPH mediad] =3

(o]

gad A7 OB JEAR PA w%e) 3 AT

7} ISE149] &4 Y ol &% XA}

1) 7]E8)#] (PYCV Broth ; Peptone, Yeast, Carbon Source, Vitamin sol.)
S5 780mlo] ©he-9] Mineral salt sol. ("Hutner/Cohen—Bazire") 20ml,

Peptone (Bacto) 0.25g, Yeast extract (Bacto) 0.25g & ¥ 121 Cel A 20%3t

Het Atk A Y3 F 60CE 213 Fof Vitamin sol. 5ml¥}t th&-9

A &S FE(0.45n) o Fsto] Hrbekdvh. 72 A o] Bl HFEE

= 2.5%% 3FAT.

A7



2) Mineral salt solution

ZHF9 900mlell Nitrilotriacetic acid (NTA) 10g, MgSO4+7H20 29g, CaCls
2H,0 3.34g, NasMoO,2H.0 12.67g, FeSO,7H,0 99g%  Metals 44 £
50mlS H7bate] Azskloh

3) Metals 44

%4 100mlol Na—EDTA 250mg, ZnSO.7H.0 1095mg, FeSO.7H20
500mg,  MnSOsH»O 154mg,  CuSO+5H.0  39.2mg,  Co(NO3)»6H50
24.8mg, Na:B,O710H0 17.7mg< 7}7z} H7hshe] Al %313t

4) Vitamin solution

ZF<4 1000mlell Biotin 4mg, Folic acid 4mg, Pyridoxine—HCl 20mg,
Riboflavine  100mg, Thiamine—HCI-2H,O 10mg, Nicotinamide 10mg,
D—Ca—pantothenate 10mg, Vitamin Biz 0.2mg, p—Aminobenzoic acid 10mgS ¥

5 mel F 5CA ghiwkate] /) Rajx g9 Alzel AHgaheinh

5) Carbon source solution

107 #4249 (D-(+)—glucose, D—(+)—cellobiose, D—(+)—maltose,
D—(+4)—melezitose, D—manitol, D—sorbitol, D—(+)—galactose, B—lactose,
L—arabinose, glycerol)(Sigma Korea, seoul)S 200mle] &7/-<Fol 2Hz; 25g% =

o] Z}7}9] carbon source solutions A ZF3sFA T},

6) Al HF

Tryptic Soy Agar(TSA)u|A]o] EFAMF ISE14S  streakingdle] 32T 9]
incubatorell Al 48417t <t vl 48417 Bt EYAT ISE14E vl
Sk Z}Zbo] petri disholl BdSF5E H7Fste] 600nmolA F3=7F 0.19] H =
5zl wEol™ 10719 PYCV Broth7} 100ml% #7be 250ml A2+
A0 Al A (0.D=0.1 at 600nm) 200ulE Y1 32°C<¢ shaking incubator

A0



ol A 5U7F Mdd F 600 nmolA FHEE FAHA

L 'ALS HItel o)d AEA WAl KIIR5] 115 99 WA a3 3
1) &

1FEAE Whatman No. 2 ZHHAo|HE F3 w1 dAd5-= A4 & 28T
of 3¥Uzt LolAlHTE TKS2 (Flora Gard LTD., Germany)$} peat moss
(Acadian peat moss LTD., Canada)E ©] &3t A&0 2 4083 15 7] A3k
S TKS29 peat moss (1.5:1, v/v)E plastic tray (128 hole)ol] ¥ & Hlo}3dt
TAE BFstelh

2) HEQ} A AL Fu

P. capsici= T3 77130 nEdistuo A EgS @

of 28Col 34zt MYsIGTE. V-8 juice MIAE V-8 F2 200ml, §F 17g,

CaCOs 2% F5% 1 2Elol W3 nekZ7] Wastel Azahach 3

Fo AN 28T MR F A 27 (A7 Tmm)E b AeA 3
-

BYE o3t AN F o

“

M A S YJalE= Chryseobacterium sp. KIIR5Z tryptic soy agar (TSA,
Difco)oll Z=&3ale] 327Co] 347t wjdstar, Hi9} L—arabinose &N (1%, 2%,
4%, 8%)E M JAErNS wt=E1 Mg FJENO HELE gpectrophotometer
(Mecasys co.,Ltd, Seoul, Korea)® 600 nmol A &3 %7} 0.57} H =& 243}

el A sheirh.

V¥a)



3) Weqte] HEH Al A
AFE7E 27 AgS W, M @ (ImDS JF37] Ao & Al &
Bl (1 mD& 3539 potoll S8 AAI=S #Fstt. FHFT AT,
A2, WYy KIIRG, HY w3 1% L-—arabinosed] @EE KJ1R5, HY
o3 2% L-—arabinosed] @EFE KJIR5, WY 4% L—arabinoseo]| HEH
KJIR5, Mw 3 8% L—arabinoseol @EE KJIRS A2 77F Aol E3a
Z2t~¥ EfolE 28C/24C (day/night, 12h/12h)ell Aol A v = et A

g AgEow FAERNA, AT dAHer wiAHA, BAEdE HE
1495 SA4E3A

4) o8] 74A exe] HIVb Poocapsicl W3 KJIR52] 22 WAl F 3}l
X 4

Wite] %A 1% Hsh ol AT A

o H9e !
98 4% gEAdnh Aol dgee te 2o Badl 209 o=
z=

o

A M Bl B & o] &3=D—(+)—glucose, D—(+)—maltose,
AlqtHko] ZF o] 83} L—arabinose, B—lactose, L—arabinose, D—(+)—melezitose,
D—(+)—galactose, D—mannitol, glycerol, D—(+)—cellobiose, D—sorbitol . = *]
Aol RAET, WAF AT, 9ol WAHA e Aw AT 5ol
AATH A FeprE Egoli= 28C/24TC (day/night, 12h/12h) A7g2d el A]
WG ATk A= 4vkEow FAEQal dHRie]l AE&H AT WA maks A

HEHA : BEH AL W AEAAY FASET

7. 3¢9 IF0 A 7|2 aT £ NEE AR

FAVB () A BEYNe HF5= Gram negative®| Chryseobactrium



9] ISEl4olt}. ISE14 T At A e 9 dnibqe= At
Ago] A&t 48 A nutrient brothE o] &3t T A o

3] Arstalom, 24X3F vl = 1%(v/v)e HEAE A
Sample?] A&7 (colony forming unit, cfu/ml)i= HFE 24A7F Fo 23}

2ot

. Ak 759 type cultureE &3 oY S

ISE149] Alzbel] W& wjF 4 7S g 7]l A|= nutrient brothE ©]
£33, A w2 500ml baffled flask (working volume 100ml), 30°C, 180rpm
o] 2o R 12X Y-S ¥ Y. E ujYe 1L flask (working volume 200
ml), 30°C, 180rpm & %o A ZF kL dlglom 6A17F HE sampleS 3

2
Foto] M2, pH B A&
8. Pilot scale MiFsd R MFN AAJ= 24

7h 71 E R Aed BAE 9% HYxAor wiky

Job
)

1) e&Aa¥
ISE14& HAx7Ho =2 wjokdty] 3k ehagd Aas 9dte], AS 2 FH A

o SHol A

)
B
(o,
tlo

T1HE3sl7] 938k glucose, soluble starch,
sucrose, dextrin, glycerol= ©]-&38}o] HA|dd&EEe} Hu ST FHo O
3 HESAG. 71EmAE (NHy) 2S04 0.2%, KHyPOs 0.2%, NaHPO, 0.5%,
yeast extract 0.3%, casein peptone 0.5%C. % EAUS wiAAIZ 5 479 Eb
29S 24 1% H7rstel AL wixE AT ISE149] tjgFujee] A
H g 44 F2E 27 A% 1A= (NH)»S0s 0.2%, KH.PO, 0.2%,
Na,HPO4 0.5%, yeast extract 0.3%, casein peptone 0.5% 2. 2 BA YL v A A 7]
5 glucoseE 0.5%, 1%, 2%, 3%, 4%, 5%, 10%2] =2 H7le NA H#4&

WA & Al zsko], 48417 v FstA Al A EE(0.D.), BEATE SA ST



2) Az

ISEl4e] A% 2 Aol 4F F5 Suel A 429 FE] 95

rio,

peptone, yeast extract, casein peptone, malt extract, NH+H.PO4, (NH4).HPOy,
(NH4)-S0s & ©o]-&sto] #AddE=e Al A4S el s HEs T
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5 A71e AAadE A 198 Hbeke] AAE wiAE Alxsko], 48413t wj kst
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A AEdF Fro e HES
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© 2 glucose 1%, yeast extracts 2%, KH.PO, 0.04%, KoHPO, 0.06% S o] &3}

A3, 30C, 600rpm, lvvme] ZAoE 24A17F vf3l v}, antifoam O &+ o9
F1d 303 silicon oilS o] &3} Th. wjgo] Ey ISE149] v S 2uE&HgME

2] 7] (Beckman, rotor6, 6,000rpm, 20min, 10°C)E ©] &3} pelletd} A5 H o
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48 A5 B AAE ARE fste] ArIdA Addd Ao Adg

AAE &gt Alxw AlRe sy A R AESES AR o

pul

WEEF A % AT R SYADL Astel, ISEL4 DA Pk o]

8 ol ATHYAY, ISEL4 DA =T o] 83 B ol A=y
A, ol ol g3 W Fol FHASHAY, ISELL 30% oA 2T of
83 93 Fo] ATEHAY, ISEL4 30% F5HAe] R=E o] 87 B3] Fol 4
SISAHAY, ISE14 30% FahAle] ol o] §3 v Fol FARANGS 53
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12. AEGENE 2 IZNE

7y in vivo A EOlA T EAAL] 24 A

g4l £ 200ml 7 Ak kA A 79 F 13 gWire] F74

X4 BARAE (F) A% FIATFL Ul 9y 3
g ol TN ANHA. 1R FFS Feolw 499719 nF KR

9 74§ ol Tl FAsGch B4 27Fol ISEL4 WP 71244 5000,
10004, 2gAZ &= YRR 23X 384 (25%, sWol1=) 10009] 324 H

ol
T 200ml # Astelh ofAl AP 7 & a5 W] f74E AT
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ok FARAA AAES G4 A2
ISE14 30% WP AlA%S] 23 SA4348E A& ode] 15
A A RS a5 FETS ATl en, 3k dyE o
9 30078 AFE] 78S ek fAlA = 20079 6€ 129, 649 21, 7
4 29 3xkElo] 24 ISE14 WP 5008, i xofAl == v e =314(25%,
SWOFLRE) 1,0000] 3|4 NS A A|Fol 200m A #HFA P SkATh k& FARE
2xkeloll AA AAERN o™, HFoA AP 84, 29¢ Foll AAHU



Al 24, ATAE Az

A1 ARZHA : WA ZAXFE o] 8T BEF AL vAE A AL
1. 71428 HA-ZAAZY 23 9 e 2F3ad 4534 2L 3733

7 A% 2 Algel 54
2001978 200307k4 F5, B, o], g, BAL A, 94, 6, g,

gosh A% 137) Aol nF, oo, ErbE A LA A e

I

4

oL
o

N

a3, Qo] AEAZ WEHAH(Figure 1). AMF3 A EAY root interior,

rhizosphere soilol A A ES Beldt7] & oA "HolW EUSS 314383

al, WS 2237l f18te] 1% hypochloriteo] PelE WAkt
H

B E vl AlA cychloheximide”} #7Fe Tryptic soy agard] =E38}o]

2}

ol

A
g ¥ W

% 4397372 28359 (Table 1).
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Figure 1. Sampling sites of bacterial strains for isolation of potential

antagonists from cucumber, pepper and tomato from 2001 to 2003 in Korea.
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Table 1. Sampling locations, sources and numbers of bacterial strains isolated
from cucumber, pepper and tomato plants grown in the fields in Korea from

2001 to 2003

No. of bacterial

Location Year collected Source Host
strain
Buyeo 2002 RI®, RS, S Pepper 8
Cucumber,
Chuncheon 2003 RI, RS 180
Tomato
Dangjin 2002 RS, S Cucumber 7
Deokso 2001 RI, RS, S Pepper 13
Gongju 2002 RI, RS, S Pepper 9
Gunsan 2002 RI, RS Cucumber 16
Gyeongju 2003 RS Pepper 76
Hongseong 2002 RS, S Pepper 21
Iksan 2002 RI, RS, S Cucumber 29
Seosan 2002 RI, RS, S Cucumber 22
Yeasan 2002 RI, RS, S Pepper 52
Yongin 2002 RI, RS, S Pepper 6
Total 439

*Each bacterial strain was isolated from plant root interiors (RI), root surfaces (RS), or

rhizosphere soils (S) of various plants.
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Z =2} cultivar Nockwang (Hung Nong Seed Ltd.,
Korea)ES 29 =t} 43902 radicle assay=S 4333t 70% ©]3F2] disease
incidence (%)< Hol& 38 w75 AWt 70% ©]d9] disease incidence&
BYY #FE BF 4015790, o] radicle assayE E38to] AA| oF Fol A
8.4% <1 38 ¥FE daHor A & 5 AAH(Figure 2). ©] 3875 FolA
29 40% radicle infectione, 11vFE 50%, 129X 60%, 137 70% <]
radicle infectiong YER LT
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Figure 2. Numbers and percentage of bacterial strains among the 439 strains
tested in a radicle assay using pepper seeds (cv. Nockwang) for radicle
infection by Phytophthora capsici. In the radicle assay, germinated seeds
treated with 10 mM MgSO, buffer (control, untreated) or bacterial strains
(108bacterial cells/ml) for 3 hours were placed onto the margin of 5—day—old
cultures of P. capsici on water agar containing 0.02% glucose. Incidence (%)
of radicles infected by P capsici on seeds treated with the bacterial strains
was determined 2—3 days after treatments when all control seeds were
completely infected. The experiment was conducted with three replications of

10 seeds each per treatment.
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Radicle assays &3] Ad¥ 38d+E ToxbA o=z AFsta stz 913l
seedling assayS <3353t} Pol®w w3+ FXE potting mixture—TKS2
(Floragard Product, Germany):peat moss (Acadian Peat Noss Ltd., Lamegue,
New Brunswick, Canada) = 1.5:1— 35393 95 Al AEFN (Agpo=0.5)<
potting mixtureol] *&ldte] W= 257 & P capsici FFAE HE38Fe] Disease
incidence(%)E B 7FelAthH(Table 2). o] 213 seedling assays &3l 16 #57}F
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23 tfzTel] Hld] 2F FHH9 radicle infection® IF FHoA 9

damping—offol] W3k A3 FEo] AT (Table 2).

o}, daA#9 &34 AT — HAAAE AA (plant trial)
Seedling assay°l 2J3] o|ztd oz XdtE 165 o] &35t A& w2

A 5FE mF A HBA nF WS AFsel AFFS AUs] 99

(
AEA F5)e GAR stol Hrleith. 1 A3 16dF T HTAHoE Aud
CCRO4, CCR80, ISE13, ISE149} GSE09 5¢ 9 A%
assayel A o] WAl a3k w9 Zow(Table 2), 15 A AES &g
plant trialol Al thZ ol H]s] AUDPCS} final disease severityol] A EA]o)] 23]
o AiolA tgHor WA aHE el ATH(Table 2).
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Table 2. Disease incidence (%) and severity, and areas under the disease

progress curves (AUDPC) caused by Phytophthora capsici on pepper (cv.

Nockwang) seedlings and plants treated with 16 potentially antagonistic

bacterial strains selected from the radicle assay

Plant trial®

ab Seedling assay®

freatment (Disease incidence) Disease severity AUDPC
Untreated 95.8 a 4.1 a 18.6 a
CCRO1 52.1 be 3.1 be 12.6 be
CCRO4 2l.1 g 1.6 gh 4.5 h
CCR10 52.1 be 3.2 b 14.8 b
CCR40 29.5 fg 2.2 d—g 7.0 e=h
CCR43 27.4 fg 1.4 h 4.3 h
CCR48 35.1 d—f 1.6 gh 5.8 f—h
CCR55 55.1 b 2.4 d—f 10.1 c—e
CCR80 32.2 e~g 1.7 f=h 5.2 gh
GSE06 36.2 c—f 2.3 d—f 8.4 d—g
GSE07 49.1 b—d 2.7 b—d 12.5 be
GSE09 29.5 fg 1.8 e-h 5.8 f-h
GSE10 40.8 b—f 2.7 b—d 11.4 od
ISE13 31.8 e~g 1.8 f—h 6.1 f—h
ISE14 37.5 c—f 1.9 e—h 8.6 d—f
SSS08 47.0 b—e 2.7 b—d 10.6 cd
YSE20 36.3 c—f 2.5 c—e 8.6 d—f

"Means within a column followed by the same letter are not significantly different when tested

with LSD at P=0.05. For disease incidence, arcsine square root—transformed data were used for

statistical analyses; however, untransformed data are presented.

PPlants were treated with 10 mM MgSOubuffer (untreated control) or bacterial cells (10° bacterial

cells/ml).

“Two—week—old pepper seedlings in a potting mixture incorporated with the bacterial strains were
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inoculated with 2 x 10° zoospores of P. capsici per g potting mixture. Disease incidence (%) of
the seedlings was determined 4 days after inoculation. Values are means of six replications with
eight seedlings each from combined data of two experiments.

Five—week—old pepper plants were inoculated with 25 zoospores per g soil. Disease severity was
evaluated on a scale of 0 (symptomless) — 5 (plants dead) 11 and 14 days after inoculation in
two experiments. AUDPC was determined based on disease severity for eight and 10
observations over 11 and 14 days after inoculation in two experiments, respectively. Values are

means of 30 replications from combined data of two experiments.

olgjst AxE E3+slo] CCRO4, CCR80, ISE13, ISE14¢} GSE099] 51F+

radicle 2 seedling assayollA ¢ HAA a3% wj$ Fow, 13 AA 2AES
0|83t plant trialdl A= Hold 115 WS WA a9E 7IAB=E o5 o

Aol =gARS AR

Tl

=
nn

Figure 3. A field growing pepper plants at Deokso Research Farm of Korea

University, Namyanju, Korea in 2005.
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7}A 3L radicle, seedling assay®} plant assayES £3to] &£x1xo w2 Hukd
CCRO4, CCR80, ISE13, ISE14¢} GSE099] 5t-9F hatol oigh ¥
F& A AR metalaxyls 7HA AL aretietul B (A7 R YA )l A
2005 % 12} 2N E S 73 (Figure 3). 112071419 115 A &S 7141
28 raised beds(15 c¢m high X 60 wide)=Z 3t 4709 blockS W59 randomize
complete block designe 333 th(Figure 4). 15 ZA & W HE ol 5
o] Mo dE 10mM MgSOs buffer (negative control), metalaxyl (a.i.
7.5%, Ridomil MG, Dongbu Hannong Chemicals Co., LTD, Seoul, Korea;
positive control)S ¥ AL, 5¢ & P capsici FTAE FFeAY. 1F
8

Awel WAel ver] A 3 FRE F7HE 39 Ao = sgloen 30Y

o

o
St YE S

ol Aelstel A3 b AR A8 1R (20050)0) £
< 33 CCRO4, CCR80, ISE13, ISE14°} GSE09¢] 59 WtFol digk ¥

(471%= ¢

A

A FrF 2L A metalaxylS 7HA AL wE T F& 5

2 2A)elA 2006 % 22F FFAEE A 1260419 153 =& 7HA

3L 14 raised beds(20 cm high X 50 wide, 24m)E 3} 4709 blocks THEo]

randomized block designs Adto] 113 B2 = WHF ol 5 #F At

el 10mM MgSO, buffer (negative control), metalaxyl < #F &3}, 5

d F P capsici AL AF AT (Figure 5). A3 Aol o] A
1

4 FRE 9 97E 39 pAow dglon 300 B Wk Fadgd
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Figure 4. A radomized complete block design used in the field test in 2005.
This test utilized 14 beds, with 6m long plots and 4 replications per
treatment. 1: Untreated control, 2: Metalaxyl, 3: GSE09, 4: CCR80, 5: ISE14, 6:
[SE13, 7: CCRO4.
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Figure 5. A radomized complete block design used in the field test in 2006.
This test utilized 14 beds, with 6m long plots and 4 replications per
treatment. 1: Untreated control, 2: Metalaxyl, 3: GSE09, 4: CCR80, 5: ISE14, 6:
[SE13, 7: CCRO4.
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F7F Ak 2005391 CCR04 59 A e ddFd aar £
metalaxyl A2 7 EAAoZ GALsk HoA g7 e e, CCR80 TF
AT Aol & metalaxyl AT Bt} SAHCE WA &7t o EArh
AUDPCol A &= 91} &d g a37F U th(Figure 6). 20061 0= A& 5
A AP TolAes 1 =

SHAl Ho] WAt o, Aglst dd A7 thERTF9 disease incidence (%)E
HwsldS wf, A3 5¢4F F ISE13 #F= A9% 495 CCR04, CCRSO,
ISE14, GSE097F ¥l &7t AAtH(Figure 6). 53] ¥AAl a7t & o
S 75 daFo 237 £ metalaxyl @ T EAH R FASE Helx
a7t el o83 HgA a3 disease incidence (%) vk olyg} WX
A (AUDPO) A E 5det a7t YeERSth(Figure 6).
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—&— CCRS80

—A~— GSE09 a
—A— ISE13
—v— ISE14

2006

Disease incidence (%)

Days after inoculation
Figure 6. Progress curves for incidence of Phytophthora blight of pepper

plants (cv. Nockwang) drenched with five candidate antagonistic bacterial
strains, CCRO04, CCR80, GSE09, ISE13 and ISE14, 10 mM MgSO, buffer
(untreated control), or metalaxyl (fungicide—treated control) under artificially
inoculated field conditions at Deokso Experiment Farm of Korea University,
Namyangju, Korea in 2005 and 2006. Means followed by the same letter are
not significantly different when tested with LSD at FP=0.05. For disease
incidence, arcsine square—root transformed data were used for statistical

analyses; however, untransformed data are presented.
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SRR

A Al
Shal QW WA EG] oudt S F=A Golry] flste] AF Alit, control
(10mM MgSO4 buffer) ™} metalaxyl(positive control) & 383t 49 EL |
ool o BEGU F Ald w#ole] =2 Hrrely 2d B W T Al
5 Loty 993k cychloheximide?} &% TSA, & #30°] &5 Loln7]
A8l OAES wiAol] B¢ 34 RS =weqivy. Ao Ay} QlejAew At ¢
S A x4 A EYU F A

buffer) o} xFo]7} §lATH(Table 3). A¥ A& A EdoA®

L7} control¥} HlaeklE Wl Zpol7b gldth R AA 13 Al ws HE &
= W #HdE el vEs 15 s dod ez AFHE] root fragmentE
Phytophthora spp.2] selective media®! pimaricin—ampicilin—rifampicin—PCNB—h
—ymexazol (PARPH) ®j=]e] &8 Fo} AAZ 9 By E Lottty 1 2
I AR AdE s HE7E 23t fAR dEe vErdlen, GSE09 ¥
£ Alolstas e #ele] vEo] dizgtol W) A2len CCR04, CCR80
ISE13 #7+= Warfol &37F £& metalaxyl? FAFE 2] A&S Holw
WA a37F vEbsteh(Figure 7).
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Table 3. Total bacteria and fungi in rhizosphere soils of pepper plants
drenched with various antagonistic bacterial strains and metalaxyl under

artificially inoculated field conditions in 2005 and 2006

Total bacteria® Total fungi
Treatment® (Logio CFU/g dry wt. soil) (Logl0 CFU/g dry wt. soil)
2005 2006 2005 2006

H

Untreated 6.62 £ 0.11 a—c 6.23 £ 0.16 a 4.45 = 0.05 ab 3.38 0.01 a

Metalaxyl 6.52 £ 0.05 bc 6.00 £ 0.08 a 4.31 £ 0.08 b 3.27 + 0.06 a

CCRO4 6.79 = 0.03 a 6.06 £ 0.09 a 4.51 £ 0.07 a 3.32 = 0.04 a
CCR80 6.57 £ 0.03 bc 6.10 £ 0.08 a 4.48 £ 0.03 a 3.33 * 0.00 a
GSE09 6.70 £ 0.08 ab 6.20 £ 0.09 a 4.50 £ 0.03 a 3.23 * 0.06 a
ISE13 6.64 £ 0.03 a—c 6.27 £ 0.04 a 4.54 £ 0.03 a 3.40 * 0.02 a
[SE14 6.50 = 0.06 ¢ 5.93 £ 0.08 a 4.49 £ 0.03 a 3.28 = 0.07 a

*Means = standard errors within a column followed by the same letter are not significantly
different when tested with LSD at P=0.05.

"Plants were treated twice with bacterial strains or 10 mM MgSOs buffer(untreated control) on
July 23 and August 6 for the 2005 test, and on July 26 and August 2 for the 2006 test. Plants
were also treated once with metalaxyl (fungicide—treated control) on August 6, 2005 and August
2, 2006. The plants were transplanted into the beds on June 1, 2005 and May 10, 2006.

“Total bacteria and fungi were determined on TSA medium amended with cycloheximide and
OAES medium, respectively. These experiments were conducted with four replications of four and

five plants each in 2005 and 2006, respectively.
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Figure 7. Phytophthora capsici—infected roots of pepper plants that were
drenched with antagonistic bacterial strains, 10 mM MgSO, buffer (untreated
control), or metalaxyl (fungicide—treated control) just prior to transplanting
under artificially inoculated field conditions in 2005 and 2006. Percentage of
infected plant roots was determined on the PARPH medium as follows:
number of infected root fragments (lcm) / total number of root fragments x
100%. Different capital or small letters on bars indicate significant difference
when tested with LSD at P=0.05 in a test year. Arcsine square
root—transformed data were used for statistical analyses; however,

untransformed data are presented.
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Figure 8. Progress curves for incidence of Phytophthora blight of pepper
plants (cv. Nockwang) treated with five potentially antagonistic bacterial
strains (CCR04, CCR80, GSE09, ISE13, and ISE14), 10 mM MgSO,
buffer(untreated control), and metalaxyl (fungicide—treated control) in the field
at the Deokso Experimental Farm of Korea University, Namyangju, Korea in
2005 and 2006. The bacterial strain CCR80 was not included in the 2006 test.
These experiments were conducted with three replications (10
plants/replication) per treatment in both years. Means given by same letters
are not significantly (P=0.05) different according to least significant difference
(LSD) test. For disease incidence, arcsine square—root transformed data were

used for statistical analysis; however, untransformed data are presented.
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Table 4. Areas under the disease progress curves (AUDPC) of Phytophthora
blight of pepper plants (cv. Nockwang) treated with five potentially
antagonistic bacterial strains (CCR04, CCR80, GSE09, ISE13, and ISE14),
metalaxyl (fungicide—treated control), and 10 mM MgSO, buffer (untreated
control) in the field at the Deokso Experimental Farm of Korea University,

Namyangju, Korea in 2005 and 2006

AUDPC?
Treatment
2005 2006

Untreated” 1325 a° 1170 a
Metalaxyl® 195 b 465 b
CCRO4 330 b 177 b
CCR80 380 b ND°
GSE09 345 b 428 b
ISE13 595 b 1025 a
ISE14 370 b 256 b

"AUDPC was determined based on disease incidence (%) for 10 and nine observations over 30
and 27 days after inoculation in 2005 and 2006, respectively.

Plants were root—dipped in 10 mM MgSOs buffer or bacterial suspensions just before
transplanting on June 1, 2005 and May 10, 2006.These experiments were conducted with three
replicates (10 plants/replication) per treatment in both years.

“Means designated with the same letters are not significantly (P=0.05) different according to least
significant difference (LSD) test.

YPlants were treated with 100 ml of metalaxyl (1 g per liter of water) prepared at rates
recommended by the supplier on August 6, 2005 and August 2, 2006.

“ND = not detected.
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Table 5. Fresh weights and numbers of fruits of pepper plants (cv.
Nockwang) treated with five potentially antagonistic bacterial strains (CCR04,
CCR80, GSE09, ISE13, and ISE14) and 10 mM MgSO, buffer (untreated
control) in the field at the Deokso Experimental Farm of Korea University,

Namyangju, Korea in 2005 and 2006

Fruit fresh weight (g)? )
Fruit number / plant

Treatment / plant

2005 2006 2005 2006
Untreated” 227 ¢ 73 ¢ 20 b 8 ¢
CCRO4 249 bc 192 a 23 ab 15 a
CCR80 280 ab 123 b 23 ab 12 ab
GSE09 298 a 71 ¢ 26 a 7 c
ISE13 256 abc 134 b 25 b 11 b
[SE14 256 abc 104 be 23 ab 10 be

“Fresh weights (g) and numbers of fruits per pepper plant were determined with two harvests on
August 6 and 13, 2005, and August 6 and 14, 2006. These experiments were conducted with 15
and 10 replicate plants in 2005 and 2006, respectively.

"Plants were root—dipped in 10 mM MgSOs buffer or bacterial suspensions just before
transplanting on June 1, 2005 and May 10, 2006. In case of metalaxyl treatment, fruit harvests
were not possible since no differences were found between treatment and harvest dates in both
years.

‘Means designated with the same letters are not significantly (P=0.05) different according to least

significant difference (LSD) test.
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Table 6. Disease incidence and Phytophthora capsici—infected roots in pepper
plants that were root—dipped with various antagonistic bacterial strains and
metalaxyl just prior to transplanting in the field with natural inoculum in

2006 and 2007

Disease incidence (%)¢ Infected root (%)°

Treatment™”
2006 2007 2006 2007

Untreated 87.3 £ 5.6 a 653 *x23a 86.0 £ 2.8 a 65.7 £ 2.9 a

Metalaxyl - 225 + 3.1 ¢ - 405 + 88 b
CCRO4 36.7+ 24 Db 338+ 6.8bc 493 +x18b 395=x58b
CCR80 114 45 Db 30.6 £1.9bc 409 610D 412 £ 1.7 b
GSE09 19.6 £ 89 b 338+ 220 51.2 £59b 482 +£48b
ISE13 78.6 £ 15.2 a38.8 £ 26D 70.8 £ 0.3 a 46.6 £ 24 b
ISE14 255 86 Db 383 +260D 242 £ 29 ¢ 46.6 £ 1.6 b

®Means * standard errors within a column followed by the same letter are not significantly
different when tested with LSD at P=0.05.

"Plants were treated with antagonistic bacterial strains, 10 mM MgSO, buffer (untreated control),
or metalaxyl (fungicide—treated control) on May 10 and June 1 for 2006 and 2007 tests.
‘Disease incidence was evaluated on September 4, 2006 and September 18, 2007. These
experiments were conducted with three replications of 15 plants each in 2006 and four replications
of 40 plants each in 2007.

Percentage of infected plant roots (%) was determined on the PARPH medium as follows:
number of infected root fragments (lcm) / total number of root fragments x 100%. These
experiments were conducted with three replications of five plants each in 2006 and four
replications of three plants each in 2007.

e
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Table 7. Total bacteria and fungi

in rhizosphere soils of pepper plants

root—dipped with various antagonistic bacterial strains and metalaxyl just

prior to transplanting in the field with natural inoculum in 2006and 2007

Total bacteria®

Total fungi

Treatment® (10g0 CFU/g dry wt. soil) ~ (Logl0 CFU/g dry wt. soil)
2006 2007 2006 2007

Untreated 5.72 £ 0.11 a6.46 £ 0.12 a 3.08 £ 0.07 a 3.12 £ 0.10 a
Metalaxyl -4 6.63 £ 0.14 a - 3.30 £ 0.17 a
CCRO4 5.92 £ 0.16 a6.65 £ 0.18 a 3.11 £ 0.17 a 3.29 £ 0.09 a
CCR80 573 £0.09a6.69 £ 0.12 a 3.19 = 0.15 a 3.23 £ 0.13 a
GSE09 5.69 £ 0.11 a6.48 £ 0.09 a 3.08 £ 0.07 a 3.19 £ 0.05 a
ISE13 598 £ 0.12a6.56 £ 0.11 a 3.17 = 0.03 a 3.30 £ 0.12 a
ISE14 5.75 £ 0.12 a6.56 £ 0.09 a 3.15 £ 0.09 a 3.08 £ 0.04 a

*Means = standard errors within a column

different when tested with LSD at P=0.05.

followed by the

same letter are not significantly

PPlants were treated with bacterial strains, 10 mM MgSO, buffer (untreated control), or metalaxyl

(fungicide—treated control) on May 10 and June 1 for 2006 and 2007 tests.

“Total bacteria and fungi were determined on TSA medium amended with cycloheximide and

OAES medium, respectively. These experiments were conducted with three replications of five

plants each in 2006 and four replications of three plants each in 2007.

d— not tested.
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Table 8. Numbers and fresh weights of pepper fruits harvested from plants

root—dipped with various antagonistic bacterial strains and metalaxyl just

prior to transplanting in the field with natural inoculum in 2007

Number of pepper fruit®

Fresh weight of pepper fruit (g)

Treatment™”

Green Red Combined Green Red Combined
Untreated 287 ¢ 150 b 437 ¢ 2423 a 1728 b 4151 ¢
Metalaxyl 324 a—c 38 b 62 bc 621 a 674 b 295 be
CCRO4 297 bc 177 ab 473 bc 2381 a 2200 ab 4581 a—c
CCR80 433 a 221 a 654 a 3480 a 2646 a 6126 ab
GSE09 318 a—c 167 ab 485 a—c 2747 a 1971 ab 4718 a—c
[SE13 421 ab 168 ab 588 a—c 3364 a 1984 ab 5348 a—c
[SE14 395 a—c 220 a 616 ab 3417 a 2761 a 6178 a

"Means =+ standard errors within a column followed by the same letter are not significantly

different when tested with LSD at P=0.05.

Plants were treated with bacterial strains, 10 mM MgSO4 buffer (untreated control), or metalaxyl

(fungicide—treated control) on June 1, 2007.

“‘Number and fresh weights (g) of pepper fruits per replication were described with total fruit

numbers and weights from three harvests on August 13, 27, and September 22, 2007. At the first

harvest, only ripe (red) pepper fruits were collected and at the second and third harvests, red and

green pepper fruits were collected. These experiments were conducted with four replications of 40

plants each.
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7}. 16S rDNA sequence #41<& 4
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o

16S rDNA sequence 4

S Chryseobacterium &9l €39 °9™ Chryseobacterium wanjuense?t 99% *

To 2d #AAE By YA (Figure 9 and 10). KJ2C12 ¥#FE 16S rDNA
sequence w2 A¥} 1545 nucleotideE 7F8 2™ Bacillus luciferensisSt 98.2%
dre A #AE P JqAH(Figure 11 and 12). MF5A gk 545
(CCR04, CCR80, GSE09, ISE13, ISE14)E 16S rDNA sequence %418 E3}¢]
=48 £33 A3 CCR04 Pseudomonas corrugata®dr 99% Aol ZABAES
W AN o™ (Figure 13 and 14), CCR80WF+= Pseudomonas corrugatat 99%
Az ZABAAES P AJATH(Figure 15). GSE09%  Flavobacterium
denitrificans ¢+ F. johnsoniae®} °F 96%%] <A 7} Ao (Figure 16 and
17), ISE13L Lysobacter enzymogenesSt 99% (Figure 18 and 19), ISE14H#5F+=
Chryseobacterium indologenes$t 99% 2 <AAAE P11 YA} (Figure 20 and

21).

GTTGNACGCTCCCGGGNNGCCTAACACATGCAAGCCGAGCGGTATTTATTCTTCGGAATAGAGAGAGCGGCGTACGG
GTGCGGAACACGTGTGCAACCTGCCTTTATCAGGGGGATAGCCTTTCGAAAGGAAGATTAATACCCCATAATATTTA
AGATGGCATCATTTTAAATTGAAAACTACGGTGGATAAAGATGGGCACGCGCAAGATTAGATAGTTGGTGAGGTAA
CGGCTCACCAAGTCAGTGATCTTTAGGGGGCCTGAGAGGGTGATCCCCCACACTGGTACTGAGACACGGACCAGACTC
CTACGGGAGGCAGCAGTGAGGAATATTGGACAATGGGTGAGAGCCTGATCCAGCCATCCCGCGTGAAGGACGACGGCC
CTATGGGTTGTAAACTTCTTTTGTATAGGGATAAACCTAGATACGTGTATCTAGCTGAAGGTACTATACGAATAAG
CACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTATCCGGATTTATTGGGTTTAAAGGG
TCCGTAGGCGGATCAGTAAGTCAGTGGTGAAATCTCATAGCTCAACTATGAAACTGCCATTGATACTGCTGGTCTTG
AGTAAGGTAGAAGTAGCTGGAATAAGTAGTGTAGCGGTGAAATGCATAGATATTACTTAGAACACCAATTGCGAAG
GCAGGTTACTATGTNTTAACTGACGCTGATGGACGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA
CGCTGTAAACGATGCTAACTCGTTTTTGGGTTTTCGGATTCAGAGACTAAGCGAAAGTGATAAGTTAGCCACCTGGG
GAGTACGAACGCAAGTTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGATTATGTGGTTTAATTCGA
TGATACGCGAGGAACCTTACCAAGGCTTAAATGGGAATTGATCGGTTTAGAAATAGACCTTCCTTCGGGCAATTTTC
AAGGTGCTGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTTAGGTTAAGTCCTGCAACGAGCGCAACCCCTGTTACT
AGTTGCTACCATTAAGTTGAGGACTCTAGTAAGACTGCCTACGCAAGTAGAGAGGAAGGTGGGGATGACGTCAAATC
ATCACGGCCCTTACGCCTTGGGCCACACACGTAATACAATGGCCGGTACAGAGGGCAGCTACACAGCGATGTGATGCA
AATCTCGAAAGCCGGTCTCAGTTCGGATTGGAGTCTGCAACTCGACTCTATGAAGCTGGAATCGCTAGTAATCGCGC
ATCAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGAAGTCTGGGGTACCTGA
AGTCGGTGACCGTAAAAGGAGCTGCCTAGGGTAAAACAGGTAACTAGGGCTAAGTCGTAACAAGGTAGCCGTA

Figure 9. Nucleotides of 16S rDNA of an antagonistic bacterium, KJ9CS8.
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Figure 10. Phylogenetic neighbor—joining dendrogram showing the relationship

of antagonistic rhizobacterial strain KJ9C8 with other related species in the
Chryseobacterium family. Bootstrap values of 100 analyses are shown at the
branch points. The scale bar represents 2 nucleotide substitutions per 100

nucleotides of 16S rDNA sequence.

TGCCTAACATGCAAGNCGAGCGGACTAATGGGAGCTTGCTCCCNTTAGTTAGCGGCGGACGGGTGAGTAACACGTGG
GCAACCTACCTGTAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATGACATAAAGGAACTCCTGTTCCT
TTATTGAAAGATGGCCTCGGCT. ATCACTTACAGA’I‘ GGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGATGAAGGCCTTCGGGTC
GTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGT GGCAAGCGT’I‘ GTCCGGAA’I"I‘ ATTGGGCGTAAAGCGCGCG
CAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGAAACTTGAGTG
CAGAAGAGGAAAGTGGAATTCCAAGTGTAGCNAGTCCAATGCGTAGAGATTTGGAGGAACACCAGTGGCGAAGGCGA
CTTTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCT
GTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGT TAACGCATTAAGCACTCCGCCTGGG
GAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGTGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTTCCCTTCGGGGACAGAGT
GACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTT GGGTTAAGTCCCGCAACGAGCGCAACCC’I‘ TGATC
TTAGTTGCCAGCATTTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAA
TCATCATGCCCCTT. A’I‘GACC’I‘GGGCTACACACGTGCTACAA’I‘GGA’I‘AG’I‘ACAAAGGG’I"I‘ GCAAAGACCGCGAGGTGG
AGCTAATCCCATAAAACTATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCCGGAATCACTAGTAAT
CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTT GTACACACCGCCCG’I‘CACACCACGAGAGTT TGTAACAC
%QA%%A&%E(ID‘(KG’I‘GGGGTAACCTTT TAGGGGCCAGCCGCCTAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACAAGG

Figure 11. Nucleotides of 16S rDNA of an antagonistic bacterium, KJ2C12.
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Figure 12. Phylogenetic neighbor—joining dendrogram showing the relationship
of antagonistic rhizobacterial strain KJ2C12 with other related species in the
Bacillaceae family. Bootstrap values of 1000 analyses are shown at the
branch points. The scale bar represents 5 nucleotide substitutions per 1000

nucleotides of 16S rDNA sequence.

TGCAAGTCGAGCGGTAGAGAGGTGCTTGCACCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTG
GTAGTGGGGGAT. AACGCTCGGAAACGGACGC’I‘AA’I‘ ACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCT
TGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCCGTAACTGG
TCTGAGAGGATGATCAGTCACACTGGAACT! GAGACACGG’I‘CCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT TGG
ACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGG
AGGAAGGGCATT. AACC’I‘ AATACGTTAGTGTTTTGACGTTACCGACAGAATAAGCACCGGCTAACTCTGTGCCAGCAG
CCGCGGTAATACAGA! GCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGG
AT G’I‘GAAAGCCCCGGGCTCAACC’I‘ GGGAACTGCATTCAAAACTGACAAGCTAGAGTATGGTAGAGGGTGGTGGAATT
TCCTGTGT. AGCGG’I‘GAAATGCGTAGATA’I‘ AGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACA
CTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCAACTAGCCG
TT GGGAGCC’I‘TGAGC’I‘ CTTAGTGGCGCAGCTAACGCATTAAGTTGACCGCCT! GGGGA(YI‘ACGGCCGCAAGG’I"I‘ AAAA
CTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCA
GGCCTTGACATCCAATGAACTTT CCAGAGATGGAT’I‘GG’I‘GCCTTCGGGAACAT T GAGACAGGTGCTGCA’I‘GGCTG’I‘C
GTCAGCTCGTGTCGT GAGA’I‘ GTTGGG’I"I‘ AAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACGTTATG
GTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGC
CTGGGCTACACACGT! GCTACAATGGTCGGTACAGAGGG’I‘T GCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGA
TCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGG
% ?Acégéggg g‘gGCgTGGGCCT TGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTAACC

Figure 13. Nucleotides of 16S rDNA of an antagonistic bacterium, CCRO04.
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Figure 14. Phylogenetic neighbor—joining dendrogram showing the relationship
of CCR04 and CCR80 with other related species in the Pseudomonas family.
Bootstrap values of 100 analyses are shown at the branch points. The scale
bar represents 10 nucleotide substitutions per 100 nucleotides of 16S rDNA

sequence.

TGCAAGTCGAGCGGTAGAGAGGTGCTTGCACCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCT. AGGAA’I‘ CTGCCTG
GTAGTGGGGGATAACGCTCGGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCT
TGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGAT! CCG’I‘AAC’I‘ GG
TCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGG
ACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGG
AGGAAGGGCATTAACCTAATACGTTAGTGTTTTGACGTT. ACCGACAGAATAAGCACCGGCTAACTC’I‘ GTGCCAGCAG
CCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGG
ATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATTCAAAACTGACAAGCTAGAGTATGGTAGAGGGTGGTGGAATT
TCCTGTGT. AGCGG’I‘GAAATGCG’I‘AGATA’I‘ AGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACA
CTGAGGTGCGAAAGCG’ GGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCAACTAGCCG
TT GGGAGCC’I‘TGAGC’I‘ CT’I‘AG’I‘GGCGCAGC’I‘ AACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAA
CTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCA
GGCCTTGACATCCAATGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACATTGAGACAGGTGCTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACGTTATG
GTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGC
CTGGGCTACACACGTGCTACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCACAAAACCGAT
CGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGT
gégg égggg‘&}gCCGGGCTAC CTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTAACCT

Figure 15. Nucleotides of 16S rDNA of an antagonistic bacterium, CCRS&0.
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CCAGTTTTACCCTAGGCAGCTCCTTGCGGTCACCGACTTCAGGCACCCCCAGCTTCCATGGCTTGACGGGCGGTGTGT
ACAAGGCCCGGGAACGTATTCACCGGATCATGGCTGATATCCGATTACTAGCGATTCCAGCT TCACGGAGTCGAGTT

GCAGACTCCGATCCGAACTGTGACCGGCTTTATAGATTCGCTCCCCCTCGCGGGGTGGCTGCTCTCTGTACCGGCCAT
TGTAGCACGTGTGTAGCCCAAGGCGTAAGGGCCGTGATGATTTGACGTCATCCCCACCTTCCTCACAGTTTGCACTGG
CAGTCTTGCTAGAGTTCCCGACATGAC CGCTGGCAACTAACAACAGGGGTTGCGCTCGTTATAGGACTTAACCTGA
CACCTCACGGCACGAGCTGACGACAACCATGCAGCACCTTGTAGACCGTCTTGCGAAAGGTCTGTTTCCAAACCGGTC

AGTCTGCATTTAAGCCTTGGTAAGGTTCCTCGCGTATCATCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCC
CGTCAATTCCTTTGAGTTTCAAACTTGCGTTCGTACTCCCCAGGTGGGATACTTATCACTTTCGCTTAGCCACTGAA
CTTGCGCCCAACAGCTAGTATCCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTACCCACGCTTT
CGTCCATCAGCGTCAATCCATTGGTAGCAACCTGCCTTCGCAATTGGTATTCCATGTAATCTCTAaGCATTTCACCGC
TACACTACATATTCTAGTTGCTTCCcAATAATTCAAGTCCAGCAGTATCAATGGCCGTTCCACCGTTGAGCGATGGGC
TTTCACCACTGACTTACAAGACCGCCTACAGACCCTTTAAACCCAATGATTCCGGATAACGCTTGGATCCTCCGTATT
ACCGCGGCTGCTGGCACGGAGTTAGCCGATCCTTATTCTTACGGTACCGTCAAGCTCCTACACGTAGGAGGGTTTCTT
CCCGTACAAAAGCAGTTTACAATCCATAGGACCGTCATCCTGCACGCGGCATGGCTGGTTCAGGCTTGCGCCCATTGA
CCAATATTCCTCACTGCTGCCTCCCGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCTCCCTCTCAGGA
CCCCTACCCATCGTAGCCTTGGTAAGCCGTTACCTTACCAACTAGCTAATGGGACGCATGCTCATCTTCCACCGTTGT
GACTTTAATCATATCCCGATGCCGGGTCATGATGCTATGAGGTATTAATCCAAATTTCTCTGGGCTATCCCTCTGTG
GAAGGCAGATTGCATACGCGTTACGCACCCGTGCGCCGGTCTCAAGGCCCGAAAGCCTCTACCCCTCGACTTG

Figure 16. Nucleotides of 16S rDNA of an antagonistic bacterium, GSE09.
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Figure 17. Phylogenetic neighbor—joining dendrogram showing the relationship

of GSE09 with other related species in the ZFlavobacteriaceae family.
Bootstrap values of 100 analyses are shown at the branch points. The scale

bar represents 2 nucleotide substitutions per 100 nucleotides of 16S rDNA

sequence.
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CATGCAAGTCGAACGGCAGCACAGAGGAGCTTGCTCCTTGGGTGGCGAGTGGCGGACGGGTGAGGAATACGTCGGAA
TCTGCCTATTTGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGTGGGGGACC
GCAAGGCC TCACGCAGATAGATGAGCCGACGTCGGATTAGCTAGTT GCGGGGTAAAGGCCCACCAAGGCGACGATCC
GTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTT
TGTCCGGAAAGAAAAGCTTAGGGTTAATAACCTTGAGTCATGACGGTACCGGAAGAATAAGCACCGGCTAACTTCGT
GCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTTTGT
TAAGTCTGATGTGAAAGCCCTGGGCTCAACCTGGGAATGGCATTGGAAACTGGCTTACTAGAGTGCGGTAGAGGGTA
GCGGAATTCCCGGTGTAGCAGTGAAATGCGTAGATATCGGGAGGAACATCTGTGGCGAAGGCGGCTACCTGGACCAG
CACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGCGA
ACTGGATGTT GGGGGCAACTTGGCCCTCAGTATCGAAGCTAACGCGTTAAGTTCGCCGCCTGGGAAGTACGGTCGCAA
GACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAA
CCTTACCTGGCCTTGACATGTCGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCGAACACAGGTGCTGCA
TGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCA
CGTAATGGTGGGAACTCTAAGGAGACCGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCC
CTTACGGCCAGGGCTACACACGTACTACAATGGTAGGGACAGAGGGCTGCAAACCCGCGAGGGCAAGCCAATCCCAGA
AACCCTATCTCAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCAGATCAGCAT
GCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTTGTTGCACCAGAAGCAGGT
GCTTAACCTTCGGGAGGGCGCTGC

Figure 18. Nucleotides of 16S rDNA of an antagonistic bacterium, ISE13.
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Figure 19. Phylogenetic neighbor—joining dendrogram showing the relationship
of ISE13 with other related species in the Lysobacteriae family. Bootstrap
values of 100 analyses are shown at the branch points. The scale bar
represents 2 nucleotide substitutions per 100 nucleotides of 16S rDNA

sequence.
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CATGCAAGCCGAGCGGTAGAGATCTTTCGGGATCTTGAGAGCGGCGTACGGGTGCGGAACACGTGTGCAACCTGCCTT
TATCTGGGGGATAGCCTT TCGAAAGGAAGATTAATACCCCATAATATACTGGATGGCATCATTCGGTATTGAAAAC
TCCGGTGGATAGAGATGGGCACGCGCAAGATTAGATAGTTGGTGAGGTAACGGCTCACCAAGTCTACGATCTTTAGG
GGGCCTGAGAGGGTGATCCCCCACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATT
GGACAATGGGTGAGAGCCTGATCCAGCCATCCCGCGTGAAGGACGACGGCCCTATGGGTTGTAAACTTCTTTTGTAT
AGGGATAAACCTACTCTCGTGAGAGTAGCTGAAGGTACTATACGAATAAGCACCGGCTAACTCCGTGCCAGCAGCCG
CGGTAATACGGAGGGTGCAAGCGTTATCCGGATT TATTGGGT TTAAAGGGTCCGTAGGCGGATGTGTAAGTCAGTGG
TGAAATCTCACAGCTTAACTGTGAAACTGCCATTGATACTGCATGTCTTGAGTGTTGTTGAAGTAGCTGGAATAAG
TAGTGTAGCGGTGAAATGCATAGATATTACTTAGAACACCAATTGCGAAGGCAGGTTACTAAGCAACAACTGACGC
TGATGGACGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGCTAACTCGTTTT
GGAGCGCAAGCTTCAGAGACTAAGCGAAAGTGATAAGTTAGCCACCTGGGGAGTACGTTCGCAAGAATGAAACTCA
AAGGAATTGACGGGGGCCCGCACAAGCGGTGGATTATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAAGGC
TTAAATGGGAAATGACAGGTTTAGAAATAGACTTTTCTTCGGACATTTTTCAAGGTGCTGCATGGTTGTCGTCAGC
TCGTGCCGTGAGGTGTTAGGTTAAGTCCTGCAACGAGCGCAACCCCTGTCACTAGTTGCCATCATTAAGTTGGGGAC
TCTAGTGAGACTGCCTACGCAAGTAGAGAGGAAGGTGGGGATGACGTCAAATCATCACGGCCCTTACGCCTTGGGCC
ACACACGTAATACAATGGCCAGTACAGAGGGCAGCTACACGGTGACGTGATGCAAATCTCGAAAGCTGGTCTCAGTT
CGGATTGGAGTCTGCAACTCGACTCTATGAAGCTGGAATCGCTAGTAATCGCGCATCAGCCATGGCGCGGTGAATAC
ggg%gggGGCCTTGTACACACCGCCCGTCAAGCCATGGAAGTCTGGGGTACCTGAAGTCGGTGACCGTAACAGGAGCT

Figure 20. Nucleotides of 16S rDNA of an antagonistic bacterium, ISE14.

75 Chnsseabactorium shigenseg
Chryaeobacterium vrystaatense
ISE14
Chigseobactarium postal
7s Chnvsecbacterim ihdoiogenes
| Chisaeobacterium gielim
47 Chnyaeobacterim wacium
—Ecmyseobac?enum ascophthalmum
a3 | b——— Chiyseobactenium hiapaniclm
g5 Chyyseobacteriam taeanense
{Chnfseobactenm taichungensa
z5 Chiyvaeobacherim stagni
a9 Chivseobactarium daacheongenss
{Chwseobac?en'm it
Eiizabethiingia rneningosaptica
—WL Elizabetfwingia mincola
Fiavobactariim geliciacls
700 Flavobactarium flevienss
a3 Flavapactariem degeriachel
£ Flavobacterim frigicimaris
ooz

Figure 21. Phylogenetic neighbor—joining dendrogram showing the relationship
of ISE14 with other related species in the Chryseobacterium family. Bootstrap
values of 100 analyses are shown at the branch points. The scale bar
represents 2 nucleotide substitutions per 100 nucleotides of 16S rDNA

sequence.
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Figure 22. Transmission electron micrograph of an antagonistic bacterial
strain KJ9C8 grown on nutrient agar for 24 h. A: aggregated bacterial cells.

B: single cell of KJ9CS8.

KJ2Cl2#5¢] SEMS #&3 Ay S| 9] streptobacillus ©]3l HREE

N

FA
T YA ol KJ2C12 AEe A7]= A9 0.8—-0.9 um X 1.3—1.6 um ©| A}
(Figure 23)

Figure 23. Scanning electron micrograph of an antagonistic bacterial strain
KJ2C12 grown on nutrient agar for 48 h. A: aggregated bacterial cells. B:
single cell of KJ2C12



T3 Az dulAdE AFESte] AlEA AdtE dE A CCR049 HEelE oz
= 1-370Z polaro] At (Figure 24).
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Figure 24. Transmission electron micrograph of an antagonistic bacterial
strain CCR04 and CCR80 grown on nutrient agar for 24 h. A: single cell of

CCRO4. B: single cell of CCRSO.

ofl

GSE09¢+E TEMS Ta #z3sk Ay 73 o|9ar, F4% slime 55 7F

Ao dlen, Hruy ARe 7R A A g kth(Figure 25).

Figure 25. Transmission electron micrograph of an antagonistic bacterial

strain GSE09 grown on nutrient agar for 24 h. A: aggregated bacterial cells.

B: single cell of GSEO09.
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I[SE1375F= 71 Tl o) ar, polar® 2—471¢ ARE 7FA 3 Y= Ao &
ZE o, ISEld4dFE g or $ES Ayt 3oy, dAX2s 714

a1 YA LgTH(Figure 26).
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Figure 26. Transmission electron micrograph of an antagonistic bacterial
strain ISE13 and ISE14 grown on nutrient agar for 24 h. A: single cell of
ISE13. B: single cell of ISE14.

t}. Biolog ¥4

el o]g8S %3l Microlog 3 database release 4.01A (Biolog,
Hayward, CA)E 7F& Miolog GN Microplate system©]-&3}¢] reaction data®
A4S ¥t 2 A3 Biolog systemolA] 7] KJIC8S
Chryseobacterium scophthalmum (similarity; 0.85%) 2.2 T4 FAoH o]} &
AFet A7) fatty acit profile 2ol <o]3] vpgkth 95 B4 o]l EAS
Biology systemol] °Ja] 2 5l &3 4= gllen, ojejgt Axz 7|t
°] KJ9C8E KIIR5%} U3t Chryseobacterium <& TIEAJT}. M2 AT
Aoz MAerxEl #3F< CCR049 CCR80E ZHZ: similarity 0.91%¢F 0.75% =
Psedomonas corrugata % &3¢ HAow, GSE09+=  Photobacterium
logei(similarity; 0.61%)=, ISE13S Photobacterium logei(similarity; 0.74%),
ISE14+=  Chyseobacterium gleum/indologenes (similarity; 0.81%)% 4%
th 95709 ‘A o] 89 45 Biology systemel oJ&| Fdsto] £4 4
g om o]t FAeE AF7} fatty acid profile Ao 93] vk},
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g}. Fatty acid methyl ester (FAME) analysisES =3 %3

A HAE (fatty acid)9] £=7F9F 1 %S TSBA database (Microbial ID Inc.,
Nwea”}, DE)& 7]4 9591 KJIR5, KJ9C87} KJ2C129] §4S st on,
ANEA DA 7o 2 Adel CCRO4, CCR80, GSE09, ISE13, ISE14 w55 4]
sttt 1 A3 KJ9C8E Chryseobacterium balustinum®.-2 FA = At} biolog
¢} FAMEs #4118 %38to] KJ1IR57}V Flavobacterium =< Chryseobacterium sp.
oA Aolgtar FAT F Uk KJIC8 AwAk M-S g Ad diyd
anteioso—15:0% iso—15:0 ©|At}. KJ2C12+ FAMEs 4ol 9|8} Bacillus
marinus®t 0.535% similarity & 7HA™ FLsk3th (Table 9). CCR049F CCR80
2 Pseudomonas corrugata(similarity; 0.82%, 0.85%), GSE09= Flavobacterium
johnsoniae(similarity; 0.71%), ISE13& Lysobacter enzymogenes(similarity;
0.87%)2. %2 ISEl4+= Chryseobacterium indologenes(similarity; 0.84% )<}
Chryseobacterium balustinum (similarity; 0.84%)C0.2 7}z =4 =) t}, biologet
FAMEs #41& E3lo] CCR049 CCR80E Pseudomonas corrugata. ©]9,
GSE09+  Flavobacterium sp., ISE132 Lysobacter enzymogenes., 1SE14+=

Chryseobacterium indologenes ¥ o] a FAH < 4 At}(Table 10).
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Table 9. Fatty acid profiles of antagonistic bacterial strains KJ1R5 and KJ9C&8
and type strains, Chryseobacterium spp. by fatty acid methyl—esters (FAMEs)
of total cellular fatty acids by gas chromatography using the MIDI system

(Microbial Identification System, Inc., Newark, USA)

Fatty acid 1° 2 3 4 5 6 7
14:00 0.2 2.1 0.2 — — — —
15:00 0.1 - - - - - 0.4
16:00 1.1 1.6 1.2 11+ 01 Tr Tr 2.7
18:00 0.2 — — — — — —
13:0 ISO 0.8 Tr 0.5 Tr Tr 1.4 0.5
14:0 1SO - - - - - - 6.9
15:0 ISO 40.8 32.3 38.3 34.9x05 30.8 41.2 30.2
16:0 ISO 0.1 - - - - - 9.7
17:0 1SO 0.9 1 1.6 1.1£0.1 Tr Tr 1

14:0 ISO 30H 0.1 - - - - - —
15:0 ISO 30H 3.2 2.7 3.6 2.9%£0.1 2.7 3.5 -

16.0 ISO 30H 1.1 Tr 0.9 Tr - Tr -
17:0 ISO 30H 11.9 16.8 13.4 17£0.2 18.1 16.3 -
14:1 ISO E 0.1 - 0.1 - - - -
15:1 ISO F - - - - - - -
15:0 ANTEISO 0.3 Tr 0.3 Tr Tr 2.2 40.4
17:0 ANTEISO - - - - - - 3.3
16:0 20H 0.2 - 0.2 - - - -
17:0 20H 0.1 Tr - Tr - Tr -
16:0 30H 0.6 1.4 0.4 1.3x0.1 Tr 2.2 -
13:1 AT 12-13 0.3 0.2 - - - -
16:1 w7c alchol - - - - - - 1.1
16:1 wllc - - - - - - 0.8

18:1 wbc 0.3 - 0.3 Tr Tr Tr Tr

laYa)



18:1 w7c

I[SO 17:0 w9c
unknown 11.543
unknown 13.565
unknown 13.566
unknown 14.565
unknown 16.580
unknown 16.582
Sum in feature 2
Sum in feature 3
Sum in feature 4

Summed feature 2

Summed feature 3 11.5

Summed feature 4

Summed feature 5

17
0.4

7.3
1.1
0.1

11.5

0.3
0.1

0.3

0.6

1.6

1.3

9.2
Tr

14.7 21.3+04

0.6
7.8

1.3
14.2
0.4
14.2
0.4

3.3x0.5

1.7£0.2

11.8+0.6

27.1

12.9
Tr

27.7 7
1.5 -
1.7 -
- 0.3
- 0.2
- 0.3
18 0.2
Tr -

? The numbers represent strains, 1, KJIR5; 2, C. balustinum 3, KJ9CS8;

scophthalmum 5, C. indologenes 6, C. meningosepticum. 7, KJ2C12.

b

—, not detected; Tr, trace (<0.1).

la¥a)
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Table 10. Fatty acid profiles of five antagonistic bacteria, CCR04, CCRS0,

GSE09, ISE13, and ISE14 by fatty acid methyl—esters (FAMEs) of total

cellular fatty acids by gas chromatography using the MIDI system (Microbial

Identification System, Inc., Newark, USA)

Fatty acid 17 2 3 4 5
10:0 0.41 0.32 =P - -
12:0 4.07 4.10 - 0.38 -
14:0 0.24 - 1.70 0.56 0.22
16:0 23.67 24.60 10.19 3.01 0.82
18:0 0.54 0.67 0.21 0.76 -
20:0 - - - 0.26 -
11:0 Iso - - - 3.81 -
13:0 Iso - - 0.27 0.23 0.87
15:0 Iso - - 22.55 40.76 38.64
16:0 Iso - - 0.37 0.62 0.09
17:0 Iso - - 0.46 5.95 1.35
11:0 Iso 30H - - - 7.53 -
14:0 Iso 30H - - - - 0.12
15:0 Iso 30H - - 5.62 - 3.02
15:1 Iso F - - - 0.16
15:1 Iso G - - 3.16 - -
16:0 Iso 30H - - 0.62 - 0.24
17:0 Iso 30H - - 5.99 - 17.55
15:0 Anteiso - - 0.94 0.32 0.31
10:0 20H - - - 0.23 -
12:0 20H 3.48 3.42 - - -
15:0 20H - - 0.55 - -
16:0 20H - 0.58 0.28 - -
17:0 20H - - - - 0.13
8:0 30H 0.37 0.36 - - -
10:0 30H 4.83 4.63 - 0.38 -
12:0 30H 4.46 4.16 - - -
15:0 30H - - 0.99 - -
16:0 30H 0.64 0.63 9.29 - 1.44

NA



17:0 30H - - 0.39 - -

12:1 30H 1.06 0.85 - - -
13:1 AT 12-13 - - 1.23 - -
17:0 Cyclo 2.39 2.42 - - -
19:0 Cyclo w8c 0.24 0.28 - - -
15:1 wéc - - 1.64 - -
16:1 wbc - - 0.41 - -
16:1 w7c alcohol - - - 0.76 -
17:1 wéc - - 1.17 - -
17:1 w8c¢ - - 0.50 - -
18:1 wbc - - 0.15 - 0.62
18:1 w7c 19.95 19.53 0.31 2.00 -
Iso 17:1 w9c - - 2.07 14.96 20.73
unknown 11.799 - - - 1.8 -
unknown 12.484 0.20 - - - -
unknown 13.565 - - 1.13 - 1.93
unknown 13.957 0.85 1.15 - - -
unknown 14.502 0.57 0.63 - - -
unknown 16.582 - - 0.33 - 1.05
Sum In Featurel — — - 0.22 Tr
Sum In Feature2 1.58 1.14 1.29 - -
Sum In Feature3 30.44 30.53 26.20 14.50 10.24
Sum In Feature4 - - - 0.41 0.38
Summed Featurel - - - 0.22 0.08
Summed Feature?2 1.58 1.14 1.29 - -
Summed Feature3 30.44 30.53 26.2 14.5 10.24
Summed Feature4 - - - 0.41 0.38

“The numbers represent strains, 1, CCR04; 2, CCR80 3, GSE09; 4, ISE13 5, ISE14.

b~ not detected; Tr, trace (<0.1).

ul, Ay slstd 54 93 54
A Ass A¥8LS Biolog, FAMEs, 16S rDNA #2lo]A veld Al
\3

KJ1R57} Chryseobacterium® 3+ &olgts AL vy o2 KCTColA HEyuro



Chryseobacterium 6 & WERT=E Alg&ste Ads Fds9d. 2 23
KJIR5¢]  Ag  Astst  Aye} 7bd v AL Chryseobacterium
indoltheticum = FEFRTE ©]= indole 84S Alee e AFNA KIIR5S
23 AE Yyt (Table 11). KJ2C129 colony ] pigmentss &}k o] 9
©m, non—motileo] 1L MacConkey agaro| A+ wjofo] =[x ¢rgtom 289} 3
7C &% WY A At AgtES sRE] 8 malonate ©] 833 oLt
KJ2C127 59 7 9ol = exculin?} ureas 7FpdllshA] Eakglvt. dhd KJ2C12

= nitrate $Y¥o] #AE A oM indoled WA 3FTH(Table 12).
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Table 11. Physiological and biochemical characteristics of antagonistic bacteria,

KJ1IR5 and KJ9C8 and type strains, Chryseobacterium spp.

Characteristics 1° 2 3 4 5 6 7 8 9 10
Color of colonies & Y W Y Y Y Y Y YW Y
Motility — — — — — — — — — —
Gram staining — - + — — — — — — —

Enzyme activity :
Nitrate reduction — — + — — — — _ _ _

Degradation activity:

Esculin + + + + + + — + + +
Gelatin + + + + + + + + + +
Urea + + + + + +
Malonate - - — + — + + — _ _
Growth at :
28C + + + + + + + + + +
37°C — — + + — + + _ + _
Production of indole — — +w - — — - — — _
Growth on nutrient
broth containing + + + + + + + + + +
1% NaCl
2% NaCl + - + + + + + + + +
3% NaCl + + + — — + + + + +
4% NaCl - - + — — — — + + _
Growth on
MacConkey agar — — _ _ _ + _ _ + +
5C
37C - - + - - + + + - -
42°C + + + + - + + + - -
Starch hydolysis + - + + — - — — — _
Casein hydolysis + + + + + + + + + _
ONPG hydrolysis - - — - - + + + + +
e R S

? The numbers indicated strains, 1, Antagonistic bacterium, KJIR5 2. C vrystaatense 3,
Antagonistic bacterium, KJ2C12; 4, Antagonistic bacteria, KJ9C8; 5, Chryseobacterium balustinum
6, C. gleum 7. C. indologenes 8: C. indoltheticum 9, C. meningosepticum 10, C. scophthalmum.

> This abbreviations indicated Y, yellow; YW, yellowish white; W, white; +, a strain positive;

+w, weakly positive; —, a strains negative; ND, not determined.



Table 12. Physiological and biochemical characteristics of antagonistic bacteria,

KJ2C12 and type strains, Bacilliaece spp.

Characteristic KJ2C12 B luciferensis B. funiculus B. thuringiensis B. mycoides
Motility -2 - - _ _
Anaerobic growth - + - + +
Gelatin hydrolysis — - - — _
Casein hydrolysis + + + _ _
Aesculin hydrolysis + + + + +
Starch hydrolysis + +w + _ _
Tween 80 hydrolysis - - — — _
Nitrate reduction +/— - - _ _
DNase + +w - + +
Acid production from:

Lactose +w +w - - _
D—Glucose + + +w + +
D—Mannitol + - - +w +w
D—Mannose + - - + +
D—xylose — — +w _ _
Growth on:

D—Galactose + + + — _
D—Cellobiose + + - + _
Sucrose + + + + +
Maltose + - + + _

? This abbreviations indicated +, a strain positive;

not determined.

+w, weakly positive; , a strains negative; ND,



16S rDNA 97]M<E®4], Biolog, FAME #41& &3le] GSE09+#F7F
Flavobacterium® 4 (genus)oll &&= Ao F<lo] FAoy} ¢ B o o3
Aol A GSE09 w59t 7Hd FAstth L EFd Al frAbdel A7) wii
ol, Flavobacterium %2 W& A& s ol AgAsist4el 54L vl
shoitt. olelg el At 548 wlastr] flete] e AP E st A9
FAAE REAYZYNE Favobacterium 1158 ¢t #59 2
A7z} o)l F A ek Wb iR A o] A
of #3 54& vlawste] g v (+)F} SRS (—) 2Eal F3F Ao vk
(+w)Z F7Feith. GSE09¢ = =A o] =Y S A3l en, ofeide] 3
R 3 A Aol rnt. 18 A tryptic soy agar(TSA) 9} nutrient agar(NA)
A BF AEET 5 gldon, 25T AL AAo] 7M5atgtt. Sapryt
Hzlw &9 Aol P43871%= st flexirubin type pigmenti GSE09 52
A9 FAdskA Faelen, congo redE FF8hE T Hol AUTE ES urea’s

2
ol e o = B4R ureases FASA oy, Ay} JHARlE ZeE

gna
ol
B~
i
i)
o2
Al
Lo
o
fo
_E‘
_‘>_«4
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3L, carboxymethyl cellulose, 3+,

T 82 TUHAEEY whgo] dojwtom, alginate, A, DNA, Efo] 2218 3
& 4 AN egg—yolk WH A sk 540 AATE WA ONPGell ¥h-3-3}
Akt olg Aty A4S S 7o vlalste] HokS u
congo red 558, urea® W ES 7| 3 T8 SolA

oz F9lo] HUTt (Table 13). LB & 16S rRNA #4]

FEld I, Biolog A o3t B4 o] & AX Mo AHE 4, A A
3std EA vl BXS Z3e GSE09 wFE Flavobacterium® <:(genus)oll
%5h= A2 F(speices)?] #% Aoz A}

laYa)



Table 13. Physiological and biochemical characteristics of antagonistic bacteria,

GSE09 and type strains, Flavobacterium spp.

Characteristics 1? 2 3 4 5 6 7 8 9 10 11 12
Color of colonies Y Y Y Y W Y W Y Y Y W Y
Motility + + — + + + + + + + + +
Gram staining — — + — - — — — - - — _
Growth on

Tryptic soy agar + + + + + + + + + + + +
Nutrient agar + + + + + + + + + + + +
Growth at 25C + + + + + + + + + + + +
Flexirubin—type pigment — - + + + + - + + + + -
Congo red absorption + - + + + + — + + + + -
Urease - 4w - - - - - - 4w - - +

Degradation of :

Gelatin + + + + + - — + + — _ _
Casein + + + - - - + + - - + +
Carboxymethyl cellulose — - + + + - — — + + + +
Agar — - - + + + + + + + + -
Pectin — - - + + + + + + + + -
Chitin +w = + + + + + + — — — _
Alginate + + + + + + — — — — — _
Starch + + + + + - + + + + + +
DNA + + o+ o+ o+ - -+ o+ o+ 4w -
Tyrosine + + + + — — — + + + +w —
Precipitation on

- - + - - + + 4+ 4+ - 4 o+
egg—yolk agar
ONPG - - - - + + 4+ + + - - -

4 1; GSEO09, 2; Flavobacterium johnsoniae, 3; F. pectinovorum, 4; F. saccharophilum, 5; F.
hydatis, 6, F. psychrolimnae, 7, F. daejeoneanse, 8; F. sundheonense, 9, F. flevense, 10; F.
calogense, 11; F. aguatile, 12; F. branchiophilum

> This abbreviations indicated Y, vellow; YW, vellowish white; W, white; +, a strain positive;

+w, weakly positive; , a strains negative; ND, not determined.
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3. Agd WA-2A AT 15 dE ¥ IA F& 71F AT

W-EAT % 1 Gel B AF &3t /12 TFES Astel, A
A Wg-2RAEe]l ATl A% WA For @ Ueld dE FAEL,

A2\ B3] a4, HCN, siderophore®} biofilme 3 Adsl=xA] <ol x grr),

FIAARANA WA g3t AFE AMEE WASA A3 A 5
strains(CCR04, CCR80, GSE09, ISE13, ISE14)°] A EHE FH]3le] T2 2
WA AFS A=A Lol y] fl8le] V8—juice HiXlel 8719 A=W
3 A A3 Als A dste]l AE B wAF A qAE H7tstsl
ot 2 A3 CCR04¢} CCR80S Phytophthora capsici, Botrytis cinerea,
Altenaria mali®l A AB7E iz wjgelA o 4-6mm BE olAsloH,
GSE09 A9 A$oE= P capsici®t Rhizoctonia solanis A 28Fil °F 6mm ©]
A TAF S A ISE139] A5+ HlaEA A 2
S g oz A H(Figure 27). ¥4, ISE14359
cinereas A9etile= Ao AREE AEHAA S JAA Kt
(Figure 27). 5719 A& w|AE Fol|A Lysobacter &9 <3+ ISE13

Mg ERdew A% 3w #A A% ddsged, dwnow

kil

Lysobacter &9 &3le AdS FAEEAH AXe 845 oy Evjsivga &
B4 ATt ISE13 #F% AEH Aol A AAlo] ax4l =D} A
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Figure 27. Inhibition of mycelial growth of various pathogen on V8 by seven
potential antagonistic bacteria. Inhibition of mycelial growth was determined
when mycelia in sterile water controls reached the centers of the V& juice
agar plates. Bacterial strains or water (control) were streaked in a line down
the centers of the V8 juice agar plates before inoculation of the plant
pathogenic fungi. Phytophthora capsici(PC), Collectotrichum
gloeosporioides(GC), Rhizoctonia solani(RS), Botrytis cinerea(BC), Fusarium
oxysporum f.sp. IycopersicAFOL), Pyricularia grisea(PG), Alternaria
mali(AM). Values are means of six replications from two experiments.

Bar=STD.
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Figure 28. Inhibition of mycelial growth of plant pathogenic fungi, Alternaria
mall, Botrytis cinerea, Collectotrichum gloeosporioides, C. orbiculare,
Fusarium oxysporum f.sp. Iycopersici, Phytophthora capsici, Pyricularia
grisea, Rhizoctonia solani by ISE13. Pictures were taken when fungal mycelia
in water controls reached the centers of the V& juice agar plates. Bacterial
strains or water (control) were streaked in a line down the centers of the V8

juice agar plates before inoculation of the plant pathogenic fungi.

V8—juice HiAIIA thAHiFe] A 7PE mdAor WA AFES AAS)
= ISE13¢F7F viA1 8] i Aol wheh A& B A Ao JaFS
=XE Hrtelr] fste], R FA o] thE glucose peptone agar, glycerol
peptone agar, starch yeast extract agar, tryptic soy agar®} V8—juice agarE A}
&ste] 8719 A=A A uiefate] dAF A AAE Hrtsdd 1 A3
Botrytis cinerea®}y Collectotrichum orbiculare® 73%-°] EE vix|oA FI}H
o5 A Aol AAHY ™, glycerol peptone agaroll A A3 2E o
ol 7H¢ mypH o AL Aol A E AT (Table 14). o] A2 Ho} ISE13¢
T Gl wEt A= o] dAF A gA a9t 2 A e

v
3 glycerolo] A7HE MANA GO FA BFL AATS L F AU

o2



Table 14. Antifungal activity of ISE13 of antagonistic bacteria to eight plant

pathogenic fungi on various media

Inhibition of mycelial growth (mm)?

trach
pathogen  glucose glycerol S . -
yeast Tryptic soy  V8—juice
peptone peptone Mean
extract agar agar
agar agar agar
AM"  9.3° dB® 152 dA 151 bA 15.3 cA 7.8 cdB 125 CD

BC 188 aB 233 aA 19.6 aB 20.8 aAB 11.0 aC 187 A
CG 101 dC 151 dA 121 ¢B 11.8 deB 8.3 bdD 115

CO 165 bB 185 bcAB 20.7 aA 19.3 abA 11.9 aC 174 A
FOL 6.6 eB 8.9 eA 8.4 dA 9.7 eA 5.3 eB 7.8

PC 132 cC  20.6 abA 11.7 <¢CD 16.2 bcB 9.8 acD 143 BC
PG 134 cC 197 bcA 17.2 bB 14.6 bdC 10.3 abD 150 B
RS 3.7 fC 17.3  cdA 9.8 ¢dBC 15.0 cdAB 6.8 deC 115 D

Mean 120 ¢ 17.3 a 145 b 153 b 8.9 d

“Inhibition of mycelial growth was determined when mycelia in sterile water controls reached the
centers of the various media plates. Bacterial strains or water (control) were streaked in a line
down the centers of the various media plates plates before inoculation of the plant pathogenic
fungi.

PAM= Alternaria mall, BC=PBotrytis cinerea, CG=Collectotrichum gloeosporioides,
CO=Collectotrichum orbiculare, FOL=Fusarium oxysporum f.sp. Ilyvcopersici, PC=Phytophthora
capsici, PG =Pyricularia grisea, RS=Rhizoctonia solani.

“Values are means six replications from two experiments.

9Means followed by same big and small letters indicate are not significantly differences as

horizontal and vertical according to least significant difference (LSD) test at P=0.05 respectively.
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S dolr gttty o] Wl g WA wFe® AL E metalaxyl(95%, ai)E
positive control® A}-&3ate], nwslgth. 1 A3} ISE13 #F9 wgANE ethyl
acetate® F=3F R Ho| A metalaxyld} GFAISHA ol &L AA|EP o, lysis

do7)= Flo] #AFHATHTable 15). 5, ISE13¢F7F #Hehs FAEALS
ethyl acetate® F=o| 71539, ¢k 1,000ug/mle] %A= metalaxyl® GAF

A FFAe) wae oA,

fiju

Table 15. Effect of extracts of ISE13 culture and metalaxyl on inhibition of

zoospore germination and lysis of Phytophthora capsicr

Activity (%)
Treatment (Eg%nel) Germination Lysis
Freeze—dried culture 1,000 82+4 4+£0
100 88+3 3+0
10 85%2 3%0
1 85%3 2+0
EtOAc—soluble fraction 1,000 1£0 81+4
100 44+1 23%3
10 71£1 5+1
1 82+3 240
Water—soluble fraction 1,000 31+1 2942
100 4244 234
10 51%2 440
1 80£1 3+0
Metalaxyl 1,000 1£0 92+2
100 15+1 47+4
10 41£1 23%2
1 81+£3 3+0
Methanol  control 1,000 83+1 210
100 871 240
10 85%2 3+0
1 89+3 2%0
Water control 1,000 81%3 440
100 83£1 3%0
10 85%5 4+1

1 85%3 2£0
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Figure 29. Deformations of hyphae of Phytophthora capsici such as thin,
abnormal branching and swelling on middle of hyphae. It is observed three
hours after treatment with filtered bacterial suspension, CCR04, CCRS80,
GSE09, ISE13 and ISE14 and control. Control was 10mM MgSO4 buffer. The

staining dye was cotton blue suspended with lactic acid. A bar indicated 50u

m.

Akl WAl A3 Algo] MES A4S EHlete] u el A W)
QTS F= AS Hrisltz] Yato], AEHATY] AEE AR T ddy
7I9s BEAFHEAE HUsd A2 H A3 A9l CCR04, CCR80,

GSE09, ISE13%} ISEl4+ 25 ©@id Be& & 4 e, 1 Fo A ISE14



5ol g e e 2ol 7 HAok(Figure 30). ¥, 71®lS #afske
THE ISE13¢ 9 GSE09# % 7FA a1 gl9lew, ISE13# 59 45 713 &

Figure 30. (A) Proteinase and (B) chitinase activities (mm) by antagonistic
bacterial strains, CCR04, CCR80, GSE09, ISE13, and ISE1l4, respectively.
Proteinase and chitinase activities of the bacteria were detected clear zone

(mm) using media containing casein and chitin, respectively.

Table 16. Proteinase and chitinase activities (mm) by the antagonistic
bacterial strains, CCR04, CCR&0, ISE13, ISE14, and GSEO09 on media

containing casein and chitin respectively

Bacteria® Proteinase activity Chitinase activity
CCRO4 6.5 bc* 0 b
CCR80 5.8 ¢ O b
ISE13 75 b 7.3 a
ISE14 115 a 0O b
GSEO09 3.0 d 0.3 b
Escherichia coli 0.0 d 0.0 b

“Steriled papter diskes (Omm in diameter) dipped in bacterial suspensions harvested with MgSO4
buffer for 1 hr were placed in the media. Proteinase and chitinase activities of the bacteria were
detected clear zone (mm) using media containing casein and chitin, respectively.

Values are means of three replications.

‘Means followed by same letters are not significantly different according to least significant

difference (LSD) test at 2 = 0.05.



ol#A AE ¢E EHu® AEY R iUt 1

Rl
es
of
=t
lo
1
0
2,

o
°
o
=
=)
w

2.
th

2
=)
N
rir

FEE Wik o As ddE WA d A7 A
o W FNE dA s filteringd Aol wlsto] AWl {5 Bopgo] Lt
o, lysis& S Fasth(Figure 31). o3k @3- Alat wjdelS A
oA A wikel el EAstal " gavh el ofs @43 Hol &
Zeell o3 GFo] AAE7] wol, qHe] Wokko] FUFY Aom ot
(_":

=, Ak A-TE Alde AE FE AE Hdde] AEHE B

o

gt mAag FHgosA GyiHe] WEe AT F glon, 53 SE13FF
4 g

100 100
H Filtered A N Filtered
% . 7 Heated o Hested
80 e ’?w 2
Control || ISE13 s B )
—_ A c c
X @ .0 60 c
~ B ‘&' cd
2 c DT p d
g @ £
_l S
c o
C o
20 N D 2
bc c
Fd . E E
0 | |
PRSIt W Wﬁﬁ\s’é‘w‘ﬂw

Treatment Treatment

Figure 31. Lysis (%) and germination (%) of encysted zoospores of
Phythophthora capsici after amendment with culture filtrates and heat
treatment of the bacterial strains. Control was 10mM MgSO, buffer and
metalaxyl was positive control. Means followed by same letters on each bar
are not significantly different according to least significant (LSD) test at

P=0.05. Bars=Standard errors of three replications.



t}. Biofilm ¥4
A8 Aol AEA Al 3= 71x7] YA M A FEDo] HelAe] u
S gAste] AR FHE MATE FAA7L, AE e AFEr|E ste

2, ATE Y Aste] oY@ @ sk A FelA biofilmE FsHEA
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etol ® ¢k}, biofilm media®] i %3 Al PVC—96well microtiter plateo] H&
o] 24A17F B<F wlE 3 & crystal violet staing 3Fo] #ESF] H sl o
™, 21 A3} CCRO4%F CCR80 biofilme FAsh= 3lo] #a = A vh(Figure 32).
CCRO4¢} CCR80< 7HE a¥pAom ax9Hs JAss=d, dday) =
siderophore, HCN&A <]ol biofilmE A3IH oW, o]gjst EAo] o] A<
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Figure 32. Biofilm formation by antagonistic bacteria, CCR04, CCR80, GSE09,
ISE13, and ISE14, and negative control, £. co/i, and TNP219. The bacterial
strains (ODgop=0.1) were inoculated on PVC 96—well plates with biofilm media
for 24 hours. The biofilm was evaluated using crystal violet stain. Destained
biofilm were measoured at ODsgs. The data shown are the means of six

replications.



Zh. HCN 34

woE yoA 7]#sel shbel HCN A A3 Aol o] FAE 7]A
o] HCON7F 21E Wdare] A 9 da-s Asfalr] wjol] WA 7|7 o =
Mo T8 AFEe] shrh AddE A3 Aol HONS A== #H7tst7)
At 1%9 picric acid®t 2% 9] sodium carbonate &Ml A 2] 3 paper disc
& AR&3tel, paper disc7b =@Aol A FH2Aow WEk= AS wEste] Hrte)
Atk 1 A3 CCRO49F CCR80°] HCNS @A skl on, 53] CCR80 7 4
Fde A ARt FelA 7 B HONS P/ skalth(Figure 33). o] 2o Ho}
/] CCR04¢} CCR802 siderophore®t HCNS RF ayd o= AA3}e], Feol
AgE Edoly, Falld nAdEe] EActe £HAAME BF adF o FAs
of A3 a3E ved o AZE.

o

Cyanide production (mM)

. ﬁﬁﬁﬁ
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Treatment

Figure 33. Cyanide production by antagonistic bacteria, CCR04, CCRRO,
GSE09, ISE13, and ISE14, and negative control, £. coli, and TNP219. Water
extracts of picrate papers were assayed for cyanide by spectrophotometer at
510nm. A standard curve of absorbance of picrate paper were evaluated as

potassium cyanide.



v}, Siderophore &4
Sideropohrei= Fe—chelator24 Feo] Z¥® EoA A3l Aol 9s] £H]
S 24 siderophored FAA3sHA] &t WU olY o2 f3l WAERS] Fe
AN 915 7HE & 7] Wil AEHAA VFe A Fasith. W

siderophore:™= 2438 Aol <A A& A& IAYEZA EH

Sy
vy

e dA s
do] glriar & A k. AvrE A+ A3 At (CCRO4, CCR80, GSE09,
ISE13, ISE14)7} Fe—chelator?l siderophoreE AASI=AE Lolr 7] 935}

r

o>

siderophore detection media®! modified CAS mediaE AF&3}o] siderophore A3
AS FGrkskeo, 2 23 Add W2 Hl 438 AT EF siderophoreE &
st o, 1 FoA CCR0O49F CCR80¢] 7} ©L siderophoreEd ®A3}S
(Figure 34). CCR049 CCR80°¢] <£3l=  Pseudomonass=  QHHA
pseudobactin®]&til 3} siderophoreS FA3ttn 4#]x gow o] =
&g F79 siderophoreE FA sl AEHW Al 7ot Ao dEA Q)
. ol#d  Pseudomonas Zl
3

siderophoreZ A3l A&

b

3= CCR049F CCR80%E o]} HAbsk
Ao Bojdd RO ogFr

Figure 34. Production of siderophore by antagonistic bacteria, CCR04, CCRR&0,
GSE09, ISE13 and ISE14 in modified CAS media as detection media of

siderophore. The picture was taken on two weeks after bacterial incubation.



v}, Swarming ability

TAAFA o] 15 Mo gypHor AFgow <l I guiel 7
o2RE BHEHEA Jopry] flete] @AMl el aupHo
3 g9l F duel A swarming 5HS H7FeAuk e M 87y}

FASHA A7) ffste], aF Yo AE= T E A< aspartic acid,

=

glycine, glutamic acid, oligosaccharide, fructose, arabinose, oxalic acid, citric
acid®} succinic acidZ7} Z+ZF £ swarm agarol A A3 M9 swarming &
=S HrlslFet. 1 A3 CCRO47F w9 A A 314l swarmingdts F5Ho| vt
Alatell wate] #Hejxton, CCR80¥ ISE13¢F%= swarming sol AT
(Table 17). ¥FH, GSE09¢] 7 $-ol= swarming 53 o] #2E A gkt o=
GSE099] %ol swarming®} FHHoz o] Q= AR pilivt TEEA
okl mEl Aoz AzEAn. Jd¥d A At swarming THS 779
opv] ikt o] EehE wjAel M RF RS ah7] wliel, Al o Apel=

oftetar BZHEtH(Table 18).

i)
[o

Table 17. Swarming as a function of the amino acid provided as the sole

nitrogen source, organic acid, and carbohydrate

Swarming

HEAMENT asparte givcine Slamle VO frucose M0 3l et sueciic
CCRO04 +4+° 4+ ++ ++ ++ + ++  ++ 4+
CCR80 + - + + + + + + t
GSE09 - - - - - - - - -
ISE13 + + + + + + + + +
ISE14 - - - + - - + + *

E. coli - - - - - - - - -
TNP219 - - - - - - - - -

? Swarming were determined on minimal medium plates with glucose as the carbon source and
supplemented with the indicated amino acid, organic acid, and carbohydrate at a final
concentration of 1,000 wug/ml.Swarm plates were incubated and scored after incubation for 48 h at
28°C.

> — not detected; %, weak; +, intermediate; ++, strong.



Table 18. Bacterial growth in minimal media amended with the amino acid

provided as the sole nitrogen source, organic acid, and carbohydrate

Bacterial growth

Treatment agpartic glycine glutamic oligosa-  fructose arabi- oxalic  citric succinic
acid” acid ccharide nose acid acid acid

CCRO4 +° ++ + ++ ++ ++ + ++ +
CCR80 + * ++ + ++ + + + ++
GSE09 + * + + + ++ + + +
ISE13 + + + + + + ++
ISE14 + ++ + ++ + + + + +

E. coli ++ + + + ++ + + + +
TNP219 = t + + * * + + +

? Bacterial strains were incubated in minimal medium broth with glucose as the carbon source
and supplemented with the indicated amino acid, organic acid, and carbohydrate at a final
concentration of 1,000 ug/ml. Bacterial growth were determined by spectrophotometer after
shaking incubation for 48 h at 28°C.

b — not grow *, weak; +, intermediate; ++, strong.
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o] gfE wH oA AHFS WY g F Salkowski's reagentE AFE5Fe] [AA ¥
& FAsA 1 A3 vl 59 Aol CCR80°] 7HE W2 IAAE FAskltt
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Figure 35. Production of indole—3—acetic acid (IAA) by antagonistic bacterial
strains, CCRO04, CCR&0, GSE09, ISE13, and ISE14 and negative control,
Escherichiacoli , and TNP219. The amount of TAA produced was plotted as a
function of time. Culture filtrates from cells grown in nutrient broth amended
with tryptophan (500ul/ml) were assayed for IAA by chromogen formation at
530nm with Salkowski's reagent. Purified TAA (sigma—aldrich) was used as

the standard.
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13 W= dAFAEE §X89 3, CCRO49F CCRR0S A& ¥ cmy oF 10°
cfu2 gzsiglon, Be7l g weh e £S5 o A2 o (Figure
36). o]¢Je] GSE09, ISE13, ISE147F= ¢F 10'-10° cfu/cm® A &Ha}glom, b
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Figure 36. Temporal changes in root colonization by antagonistic bacteria,

CCR04, CCR80, GSE09, ISE13, ISE14, and negative controls, Z. coli and
TNP219 14, and 28 days after bacterial inoculation in the germinated pepper
roots. Root colonizations by antagonistic bacteria were assessed by serial

dilution plating on NA. A, root bases; B, root elongations; C, root tips.



E AAANAS Bohe] nE Pe) wwel AP =A Aol ARee
Mg PASNAEY, dEEF £ coleh nwG S v P2 wule] EdpHow
v}

Ao 9lon], A A 23S P o] B2 (Figure 37).

Figure 37. The pictures of pepper roots treated with 10mM MgSO, buffer
(untreated control), CCR04 (antagonistic bacteria), £. coli (negative control
strain)by scanning electron microscopy (SEM). A, untreated control; B,
CCRO04; C, E. coli 0 hr after inoculation and D, untreated control; E, CCR04;

F, E. coli 72 hr after inoculation.
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o] At rifampicin mutantES A3} o

o] MATE BEE Huegu. XEHow A azrst d9w CCRO4,

CCR80%} ISE14 #3F9 rifampicin mutant® A &3+ A3y} o]5 A3} Ato] A

g ZTHAME 1

W

o
Aed A Al 44 F A FEo MATS FAHFigure 38).
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; —{ 1+ CCR80 rif (CCR80rif+P.capsici)
S 64 —&— ISE14 rif (ISE14rif+P.capsici)
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— —--#.— Pathogen (CCRO4 rif+P. capsici)
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Figure 38. Population of spontaneous rifampicin—resistant mutants of
antagonistic bacteria, CCR04, CCR80, and ISE14. 10 g of rhizosphere soil were
put into 250 ml Erlenmeyer flask containing 100 ml of 10 mM MgSO, buffer,
and then shaken at 160 rpm at 28C for 30 min. The suspension was cultured

on TSA amended with 100 pl of rifampicin/ml (TSArif).

6. &2 Uk A% BESA WA aFge T AT

7} ISE14¢] &A49 o] &% A}

ok 59 3 0D SAZAY EYAH ISE14E= D—(+)—glucose (O.D 0.427),
D—(+)—maltose(0.D 0.342), glycerol(O.D 0.363), L—arabinose(0.365),



rlo

D—mannitol(O.D 0.387), B—lactose(0.D 0.393)5< &34 %7} 0.3 o]o =2 2k o
2390w,  D—(+)—galactose(O.D 0.194), D—(

T

+)—melezitose(0.201),
} 0.3 o]at=2 & o]-&35}A]

o

D—(+)—cellobiose(0.231), D—sorbitol(0.275) &
Fehe ez yEEt (Figure 39).
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Carbon sources

Figure 39. Utilization of different carbon sources by Chryseobacterium sp. ISE14.

Absorbances of ISE14 were measure at 5 days inoculation at 600nm

o5 KJ1IR5E= & FH =7} 0.570(at 600nm)°] 2 & [.—arabinose, D—cellobiose,
B—lactose and D-—galactose T2 2 o|&3H oy P capsicie  S3 =7}
600nmol A 0.100 X2 A L—arabinose, D—cellobiose, B—lactose, D—galactose

2 o] g38tA Eett (Figure 40). 10719 &4AY Foli KIIR5:

=

o

L=
o



L—arabinose® 7H¢ # ©]-&3}3l 2™, P. capsicit= L—arabinoseE % ©]-83}4
Zakadth (Figure 40).

75 ISE 14= &3 =7} 600nmel A 0.3802 D—(+)—glucose, D—mannitol, 3
—lactose®} &2 BAE AHE] o] & = AL, P ocapsicie FFE7F 600nm
o4 0.427= D—(+)—glucoses & °]&3}3lt}. L2}, P. capsici= D—mannitol,
B—lactose & Z o]&38kA Hdto] FHE=7F 600nmolA 0.049°]qH (Figure
41).

75 ISE 135 FF%7F 600nmol A 0.695% D—(+)—maltoseE = ]88}
Ak, P ocapsicie FHE7F 0.2282 ISE13¢] Hlgtel= 2 o] &8kA] eyt
(Figure 42).

P.capsici —m— KJIR5

0.900
0.800 r
0.700 /\1
@ 0.600 \ /.
S 0.500 X
@
8 04 \ /
o
o 0.300
g \
< 0.200 Y
0.100
i I I
0000 ¢ S S S o I @
= | i | | Q O X 2
NGB o N Py S £ 2, ¥ =5 ©h
2 E S o @ @ s 2d 2 94 o
o o = I} o) o) o o) 3 )
o O c o = S < O = = ©)
e S > S e 5
0] s 5} = | 2

Carbon sources

Figure 40. Utilization of different carbon sources by ZFhytophthora capsici and
endophytic Chryseobacterium sp. KJ1R5. Absorbances of P. capsici were mean
for 8 days after inoculation. Absorbances of KJ15R were measure at 5 days

inoculation at 600nm
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Figure 41. Utilization of different carbon sources by ZPFhytophthora capsici and
endophytic Chryseobacterium sp. ISE14. Absorbances of P capsici and 1SE14
were determined at 8 and 5 days, respectively, after inoculation. Absorbances

were determined at 600nm.

[T P capsici —B— ISE13
0.800
0.700 f\
0.600
§ 0.500 / \
§ 0.400
5 0.300
0.200
0.100
0.000
$ &\j. $ &\j. &\). g N @ 0 OLD- @ « § N
N D o ol o ol 29 595 o S5 85
0 B ° ° I 8 Qo 9 0 ] (o}
5 k= 2 & N a = o 8 N
g8 £ &8 £ ¢ & 83" ¢ %
o § 5 2 3 8
Carbon sources

Figure 42. Utilization of different carbon sources by PFhytophthora capsici and

unidentified gram negative bacteria ISE13.
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AL olutx FE7F UE S AY e =9%7] wlifo] obdr) shar AZhE A nk

71BF @A Fohs thE d]lel 7IlE = s Aok (Table 19).
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(A) (B)

Figure 43. Effect of biological control of KJ1R5 against P. capsicr

A : untreated control, B : only pathogen control
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Figure 44. Effect of different concentration of L—arabinose on biological
control of KJ1R5 against P. capsici.,

A : only pathogen control, B : pathogen with KJ1R5, 0% L-—arabinose
solution, C : pathogen with KJ1R5, 1% L-—arabinose solution, D : pathogen
with KJ1R5, 2% L-—arabinose solution, E : pathogen with KJ1R5, 4%

L—arabinose solution, F : pathogen with KJ1R5, 8% L—arabinose solution



Table 19. Effect of various concentrations of L—arabinose on the biocontrol

activity of endophytic Chryseobacterium strain KJ1R5 against P. capsici

Treatment Disease incidence® (%)
Untreated 0.0 £ 0.0 €
P. capsici 68.8 + 6.8 a
P. capsici + KJ1R5 25.0 £ 3.6 ¢
P. capsici + KJIR5+ Arabinose 2% 10.9 £1.6 d
P. capsici + KJIR5+ Arabinose 4% 25.0 £ 26 ¢
P. capsici + KJ1R5+ Arabinose 8% 35.9 £ 29 b

“Disease incidence was determined 14 days after inoculation. There were sixteen plants per
replication and the experiment was repeated once. Statistical analysis of disease incidence was
conducted with arcsine—transformed data however, untransformed data are presented.

®Mean =+ standard error of the means. Means followed by the same letters are not significantly
different (LSD, P=0.05).
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(A) (B) ) (D)
Figure 45. Effect of L—arabinose, D—(+)—glucose on biological control of
KJ1R5 against P. capsici, A : untreated control, B : only pathogen control, C
. pathogen with KJ1R5, 2% L—arabinose solution, D : pathogen with KJ1R5,

2% D—(+)—glucose solution.

A (B) (©) D) o NE)

Figure 46. Effect of D—(+)—melezitose, glycerol, D—(+)—galactose and B—lactose
on biological control of KJ1R5 against P. capsici, A : pathogen with KJ1R5,
B : pathogen with KJ1R5, 2% D—(+)—melezitose solution, C : pathogen with
KJ1R5, 2% glycerol solution, D : pathogen with KJ1R5, 2% D—(+)—galactose

solution, E : pathogen with KJ1R5, 2% [3—lactose solution.



Table 20. Effect of various carbon sources on biocontrol activity of endophytic

Chryseobacterium strain KJ1R5 against P capsici

Treatment® Disease incidence’ (%)
Untreated 0.0 £ 0.0 d°
P. capsici 81.3 + 3.6 a
P. capsici +KJ1IR5 21.9 £ 94 b
P. capsici +KJ1R5+ Arabinose 6.3 + 6.3 ¢
P. capsici +KJ1R5+Glucose 6.3 £ 3.6 ¢
P. capsici +KJ1R5+Maltose 125 £ 5.1 bc
P. capsici +KJ1R5+Mannitol 15.6 £ 6.0 bc
P. capsici +KJ1R5+Melezitose 21.9 £ 6.0 b
P. capsici +KJ1R5+Glycerol 21.9 £ 6.0 b
P. capsici +KJ1R5+Galactose 21.9 £ 12.9 be
P. capsici +KJ1R5+Lactose 21.9 £ 6.0 b
P. capsici +KJ1R5+Cellobiose 25.0 £ 10.2 b
P. capsici +KJ1R5+Sorbitol 75.0 £ 13.5 a

“Concentration of amended carbon sources was 2.5%. There were eight plants per replication and
the experiment was repeated once. Disease incidence was determined 14 days after inoculation.

"Statistical analysis of disease incidence was conducted with arcsine—transformed data however,
untransformed data are presented. Mean % standard error of the replications.

“Means followed by same letters are not significantly different (LSD, P=0.05).
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y CE 25.62 0.22 0.04 ”
” OE 25.62 0.27 0.01 "
” TZ 25.62 0.05 0.09 "
7]} TS 25.62 3.92 0.66 "
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