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SUMMARY

I. Title

Development and commercialization of microbial fungicide to control a serious

soil-borne disease of Fusarium wilt of strawberry

II. Objectives and Necessities of Research

The total amount of yield of strawberry (Fragaria % ananassa Duch.) is about 700
billion Won in Korea, and which is 7th great amount of yield followed after red pepper,
garlic, water mellon, cabbage, unripe (green) redpepper. The total cultivation area at
2004 was 7,600 ha (210,000 M/T) which was the 8th largest area in the world. The
Fusarium wilt of strawberry by Fusarium oxysporum f. sp. fragariae was the most
serious soil-borne disease in Korea. Recently, Fusarium wilt susceptive domestic
cultivar of Maehyang and Japanese cultivar of Dochiodome damaged around 309 in
farms.

According to Korea Rural Economic Institute, 90% of strawberries cultivated in
Korea are mostly Japanese cultivars such as 525 % of Redpearl, 31.7% of Akihime,
and 1.8% of Sachinoka. Meanwhile, domestic cultivars are less than 10% such as 8.3%
of Maehyang and 0.8% of Johong. In future, farmers cultivating Japanese cultivars has
to pay a plant-bases royalty to Japan. To overcome the royalty problem, the
government breed around &8 varieties, but only one variety of Maehyang recognized
economic efficiency by farmers at 2002. One of demerits of Maehyang is susceptible of
Fusarium wilt. Microbial fungicide is necessary to cultivate the strawberry with less
agricultural fungicide. The biological control using antagonistic bacteria is an

environmental friendly control and has continuous control effective as well as it helps



to product safe food and increase incomes to farmers, and should satisfy consumers
well-being demand. Also, to reduce royalty load, farmers will prefer a domestic variety
of Maehyang, and will use microbial fungicide instead of agricultural fungicide to
control Fusarium wilt of strawberry.

Objectives of this research is to develop a multi-functional microbial fungicide to
control soil-borne strawberry diseases and to promote growth of strawberry by mixing
antagonistic bacteria are with various type which have inhibition effect of Fusarium
oxsporum f. sp. fragariae, to commercialize the microbial fungicide, that has quality and

price competitiveness through a formulation and mass production process.

III. Contents and extents of research

1. Supervisory organization

A. Pharmaceutical formulation and field activation evaluation of antagonistic bacteria for
control of the Fusarium wilt

B. Mass production biological fermentation medium and optimization of biological
fermentation process

C. Establishment of product processing and management technology

2. The first cooperative organization

A. Investigation of pathogenic and genetic characteristics of collected Fusarium
oxysporum.

B. Examination of durability of antagonistic bacteria in soil and examination of effectiveness
through analysis of antagonistic material

C. Development of a processing technology for upgrading effectiveness of microbial fungicide



3. The second cooperative organization

A. Investigation of Fusarium wilt occurrence and examination of effect of antagonistic
bacteria at the greenhouse and field trials
B. Examination of effect of antagonistic bacteria formulation at greenhouse and field trials

C. Selection of optimum microbial formulation

IV. Results of research and suggestions of application

1) Results of research development
A. Supervisory research organization

(1) Pharmaceutical formulation and field activation evaluation of antagonistic bacteria
for control of the Fusarium wilt

Microbial fungicide developed by selected Bacillus amyloliquefaciens BS87,
Burkholderia cepacia BS36, and Bacillus amyloliquefaciens RK1 with various conditions
for biological control of Fusarium wilt of strawberry, a microbial fungicide which is
mixture of Bacillus amyloliquefaciens BS87 and Bacillus amyloliquefaciens RK1 with
proper ratio showed a promotion of growth of strawberry. Also, this research
confirmed a possibility as a biological fungicide which showed 72.6% control effect

against the Fusarium wilt.

(2) Mass production biological fermentation medium and optimization of biological
fermentation process

Bacillus amyloliquefaciens BS87, Burkholderia cepacia BS36, and Bacillus
amyloliquefaciens RK1 fermented with the highest concentration at a medium added
various concentrations of soy milk. In a case of formulation using strains cultivated

seven days, obtained the most stable strain concentration.
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(3) Establishment of product processing and management technology

The formulation accompanied many restrictions to implicate live micro organism into
a production. The processing temperature and formulation materials should not affect
resistance bacteria for final end product of resistant bacteria. Results of formulation
from this research has a merit which does not affect to the resistant bacteria, allows
the resistant bacteria stable existence for a long time, and dose not polluted from other

micro organisms.

B. The first cooperative organization

(1) Investigation of pathogenic and genetic characteristics of collected Fusarium
oxysporum.

Strawberry cultivar Akihime showed the most resistance to the 22 Fusarium wilt
strains, but Dochiodome showed the most sensitivity. Meanwhile, four strains among
investigated individual pathogens propagated disease to all cultivars, and Akihime
which was considered to be resistive cultivar showed no resistance to all sample
strains.

Even though this research could not discriminate the genetic difference in a
comparison of a treatment of constraint ferment after amplification of ITS region, the
constraint aspect appeared variously after amplification of IGS region. This result lead
to a fact that pathogens distributed in the Korea distributed with genetical variation.
Also, results from analysis of genetic variation and affinity relation using URP and
OPA primer which were applied to an analysis of genetic variation and affinity relation
for various plants and plant pathogens verified the existence of genetic variation in F.

oxysporum f. sp. fragariae group.

(2) Examination of durability of antagonistic bacteria in soil and examination of effectiveness

through analysis of antagonistic material

_11_



The survival rate of antagonistic bacteria in soil, the concentration of the
antagonistic bacteria was 106~7cfu/g rhizosphere soil right after treatment, and was log
10° "cfu/g after four weeks. BS36 survived around four weeks in soil, and was not
discriminated at 14 weeks. BS87 and RK1 showed a high survival rate as log 10*~
Scfu/g even after 14 weeks.

The inhibition type by three antagonistic bacteria showed various type such as a
disintegration of spawn wall, disintegration of cell membrane, spawn swelling, and
growth decline at the end of spawn. In general, growth inhibition of plant pathogens
by antagonistic strains explained as antibiotic action by the antibiotic substance,
disintegration of cell wall, disintegration of cell membrane, and nutrition
competitiveness. This research confirmed that antagonistic bacteria used for the

research had various antagonistic inhibition.

(3) Development of a processing technology for upgrading effectiveness of microbial
fungicide

This could induced the two strains of Bacillus amyloliquefaciens BS87 and RK1 as a
spore type by cultivating the two strains and add MnSO4(10mg/L). Also, this research
collected fungus body stably by freeze-drying treatment of cultivated liquid of the two

strains.

C. The second cooperative organization

(1) Investigation of Fusarium wilt occurrence and examination of effect of antagonistic
bacteria at the greenhouse and field

The occurrence of Fusarium wilt in strawberry fields in Korea was assessed from
2001 to 2003. Fusarium wilt was found from June to August in nursery beds, from
September to October after planting in production beds, and from January to March

during harvesting period. The symptoms were root rots, discolored vascular tissue in
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the crown and deformation and yellowing of central leaflets. The disease occurred in
up to 30% of plants in 37 of 214 fields surveyed. Fusarium wilt occurred from cvs.
'Dochiodome’, 'Maehyang’, 'Redpearl’, 'Samaberry’ and ’Akihime’ and more severe
from cvs. 'Samaberry’, 'Maehyang’ and 'Dochiodome’. Infested soils had high salt

concentrations, high nitrogen, phosphate concentrations and low pH.

(2) Examination of effect of antagonistic microbial fungicide at greenhouse and field

The optimum treatment concentration of BS36, BS87, and RK1 selected from
antagonistic bacteria of Burkholderia cepacia BS36, Bacillus amyloliquefaciens BS87,
and RK1 was 10°, 10>, and 10° CFU/ml, respectively, and showed significant
differences. The control effect was higher by dipping roots around 30 minutes before
transplanting than by soil irrigation. The control effect of selected antagonistic bacteria
from the pot experiment showed lower diseased plants rate compare to the

none-treatment, but showed lower curative effect.

(3) Selection of optimum microbial formulation

All antagonistic microbial formulation showed lower diseased plants rate compared
to none-treatment in pot and field experiments, and the mixed treatment of
Burkholderia cepacia BS36 and Bacillus amyloliquefaciens BS87 showed lower control
effect than single treatment. In growth of strawberry, Bacillus amyloliquefaciens BS87
showed the highest growth promotion among other antagonistic bacteria formulations.
Results discussed above, except the Burkholderia cepacia BS36 due to human risk, the
Bacillus amyloliquefaciens BS87 and RK1 showed a possibility of microbial fungicide

against the Fusarium wilt of strawberry.

2) Suggestions of application

The control effect of the microbial fungicide developed from this research was 72.6%,

and the microbial fungicide showed significant effect on promotion of growth of

_13_



strawberry. The registration of the microbial fungicide is necessary to publicize and
use by farmers. The registration, however, required high cost of expense, complicated
procedure, and long-term of time. The support of government level should be
considered for a superior product from results of the research to support a portion of
the registration expenses and to simplify the registration procedure to industrialize a

developed results within a short period of time.
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M1 & AFJHEntAe Jie

A AejE Q= D7 (Fragaria * ananassa Duch.)e] W] AAlde A7 70002
oz AA AnAH 9%E AA 8= F8S AEoltt 2004W % wuje] Hr] AjuiH
AL 7600ha, AL 210,000M/Toz AlA 8= A3t JATHFAO, 2005).

7)ol BFAY S} W& Fusarium oxysporum Schlechtend.: Fr. f. sp. fragariae
Winks and Willlams® &Fo|A Hx= B 5] O™ (Winks and Williams, 1965), = uel
ME zeF w1984l o8 AE BRauE ol VCGHyun &, 1996)¢t random amplified
polymorphic DNA(RAPD) X (Hyun ¥ Park, 1996) % rDNA restriction fragment
length polymorphims(RFLPs) #2415 &3 3% odAdol R uxcth(Nagarajan 5,
2004). =7]e] Z+E WS ‘ﬂe”ﬂ% A ek2lel] wE FEF wHEo] ZH2d IudAE
1970-80 3t 'Hokowase’ &Fo|A AlE&2H Ao w Z IJa7t Ao (H %, 1982
ZoF &, 1984) 1 F Al%%%oﬂ 7} 'Nyoho', 'Akihime’ #&¢ =o =
7bo"9A gt gy HAS Fuleld SF3d vy F53 48
‘Dochiodome’ FF Al el AFAHoZ Auls7talA 30%e & F3E Yepaz 2l
+(Nam 5, 2005).

Fusarium® 2] AL B34y U #Ado] du, EvlESE vlato] H 9 ALYGE
A @A o] AetH (Y% 5, 2000), AFEESFo] A& Bk W] Fusarium oxysporum9
2ol golstrhal Fth(Stover, 1956). HE=FE F(2000) ol olstwl pHe= #AGL #7112,
AAE, ol FheFo] =& uw WA o] Wt

=

e
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>
il
oo

bl

97 AEewe

o, EE oY RFRNE WA

© @ (Matuo 5, 1930) webd B W AE 918 B FEoly okl ¥ dye A
8% A9 £ nABde st BHel 2 JFo Agel 44 @ Agolth wF
PHEE Fuay] faAs 2AuPe B8 AAR F40] Holof sl oo we ©

L Ak, AFshr] A &
2 wAF o] Adth(Alabouvette, 1998). 18y SHBES 9t - A AESH AA
F 2 #3AS MKz A= o 2% A vAE (Schisler 5, 2002; de Boer %,

2003), TE71A T (Moon 5, 1995; Reid &, 2002), H|H YA Fusariumi (Tezuka <}
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Makino, 1991; Horimoto, 1993; Fravel <%, 2003), vesicular-arbuscular mycorrhizal
(VAM) T (Datnoff &, 1995)S o] &3t AEH WA/} A== Qv X3t Bacillus
spp. TS o83 AEZER B subtilis QST 7132 ©]-&3 Serenade®, B. amyloliquefaciens
GB 99+B. subtilis GB 12202 W= BioYield® So] AM&% 3 9th(Schisler 5, 2004).
AESA A Aol ¥ A 7] 22 o gt siderophore-mediated competition(Bakker %,
1988), competition for substrate(Couteaudir®} Alabouvette, 1990), induction of systemic
resistance(Leeman %, 1995; Fuchs %, 1997; Van Loon %, 1998), & &2 AAH(Anjaiah
5, 1998), chitinolytic &A 2] AAHSingh, %5, 1999) o] ®H %ol it}
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® RK1 w4 g+ Al¥
® BS87 + BS36 + RK1 A 3+ A3

7h SIS A AN AR AAs 2 238N HS
1) Fusarium oxysporum f. sp. fragariae 1A A0 AE L fAAHE 2] g A4k

7] AESHo AESZ wAE Zxow AUE Bacillus amyloliquefaciens BSS87,
Burkholderia pyrrocinia BS36 2 Bacillus sp. RK1 w59 WaAA A4S XA
AafA =5 D ujgAHE A ES] g deE AT 3 T F B 30Tl A
Hj kol 7hd & Hodv Wi AIRFE 3w F
o, BS369] Aol Ha dEZ ujdE T
9} RK1 #F9 AdE HJudez sjdd

T 30713t o] ol HudEE wjgE e

= Ak A=A BS8T v
b

)

Aty 3 T BT 48 Al wjFel A= 30TelA Mudas Hn2E7F =AY BS36
9] H9o= 25CT30C7F 7H8 ASo] £9k3, BS87¢ RK1 W5+ 30C™35CT7F AS9]
T AW AEY HE ZAFE AT Al SAHS 48 AIZE vl F Al RS
HasR 10°7h4 10891 & 5148 Fo] 30C incubatorol A 297 W § =4S 9
tH(Fig.3-1-1, 2, 3).
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T LR . 357 A0

Fig.3-1-1. Effect of temperature('C) for cell growth of Burkholderia pyrrocinia BS36

strain in KB medium.

20T 28T nw R 40T

Fig.3-1-2. Effect of temperature('C) for cell growth of Bacillus amyloliquefaciens BS87

strain in KB medium.
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P 250 0T BT 40T

Fig.3-1-3. Effect of temperature('C) for cell growth of Bacillus sp. RK1 strain in KB
medium.

) wjer Al

Burkholderia pyrrocinia BS36 i+ w1 18 A|7F FHE 30 A7A Add= 7 7

Asl Srbstl et 1 o] FREHE 7 Eals)

T 3043 5 Ha A==

Arh. Aol ' Al A wdd s HiEFR 100704 10092 343 o
o]

ol
incubatoroll A 2¥37F W & M =AHS A HH(Fig.3-1-4, 5, 6).
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Log o fufmi
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ﬁllll [ | | I T |
B tUh 1 24 @0 ®H £ B WM H & 2

Fig.3-1-4. Cell growth of Burkholderia pyrrocinia BS36 in KB medium.
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Fig.3-1-5. Cell growth of Bacillus amyloliquefaciens BS87 in KB medium.
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Fig. 3-1-6. Cell growth of ¥ Bacillus sp. RK1 in KB medium.
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Fig.3-1-7. Growth 1inhibition of Fusarium oxysporum f. sp. fragariae by three
antagonistic bacteria, Bacillus sp. RK1 (A), Burkholderia pyrrocinia BS36 (B), Bacillus
amyloliquefaciens BS87(C) on PDA medium.

Table 3-1-1. Inhibitory effects of three antagonistic bacteria against the mycelial

growth of Fusarium oxysporum f. sp. fragariae on PDA medium

Antagonistic bacteria Inhibition zone(mm)?®
Bacillus sp. RK1 36
Burkholderia pyrrocinia BS36 (B) 30
Bacillus amyloliquefaciens BS87(C) 22

a Growth inhibition was determined after 7 days of incubation st 25C.

RK13} BS36, BS§T #5 B5 & T4 4% JAALH}E ngom, ofF 23 4es
BHE T Fe PR DTS F 5 AAHFig3-1-8). 1B oldF 27 A
gl oA e AYMAES olFdtel ABAY YA Y 43 me W
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Fig.3-1-8. Antifungal activity of antifungal compound produced from three antagonistic
bacteria, Bacillus sp. RK1 (A), Burkholderia pyrrocinia BS36 (B), Bacillus
amyloliquefaciens BS87(C)
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Table 3-1-2. Control effects of four formulations using Bacillus sp. RK1, Burkholderia
pyrrocinia BS36, Bacillus amyloliquefaciens BS87 to Fusarium wilt of strawberry at

pots in a vinylhouse
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Antagonistic bacteria DI (%) CV (%)"

Control 14 -
Copper hydroxide (77%) 0 100
BS&87 2 35.7
RK1 0 100
BS36 6 57.1
BS87+BS36+RK1 0 100

DI ; Disease incidence rate, CV ; Control value

Fig.3-1-9. Control effect of RK1, BS36 and BS87 formulations to Fusarium wilt of

strawberry at pots in a vinyl house.

G7lel A EelE 7 EEae] |y el o ¥dds 2Ake] 98 el s ve8
AA iAol A 5A7E A g F 1-2 x 10° Fwo AN et w3} Fd
F 20X FRrg wAewd, ded, o, op7dv FFe] ARE A AR
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o 20039 79 3 Vel ARG ARE &F& Hu ¥ 2FEE AR F 4 AT T F
T 45 zAdg e 1024 FeE A F el Add 2 F 159 AAeR o
BAFE AR oW AFE 05U Z 0=, 1= 1-2 o] FojAx Aie] I
A, 2= B2 elo] SlojAa Al 3= <ol F3HI 12 AEE, 4= A ANEH 4= A

A AE 3, 5 = 3 Afo]t},

. Primerg ©] &3 A &S99 RAPD #4

Operon primer kit(Operon Technology Inc, Alameda, Canada, USA)oA Jo = A= st
9709 decamer(Table 1)} A HAHIASAF Al SRILS UniprimerTM kitE AFE3H$ S
 12%9] Uniprimer <°olA 5, 12 URP primere< Ab&3le] F. oxysporum f. sp.
fragariae DNA2] PCR =Z3}1t}. PCR reaction mixture We AR 59 HA w25 2
Asl7] Y& dn AIdES AP o, PCR FZS total volumes 20uE &L
genomic DNAZE 20ng, 50mM KCl, 1.5mM MgCl2, 10mM Tris HCI(pHS8.3), 200uM
dATP, dCTP, dGTP, dTTP, 10 picomoles®] primer, 283 1 unit®] Taq
polymerase(Promega Corp. Madison, WD& 7}ttt Zhzre] wh-&-of mineral oils F
o]t tl.  OPA primerE ©]€3 PCRS PTC 100 programmable thermal cycler(Mj
Research, WaterTown, MA)Z 94Ceo| A 5%7F initial denaturation A%l 5, 94C/2%, 3
4C/1%, 72C/28 22 3}a, final extensione 72°C 158-7F A &3t 3H, URPE AE
3 Ao A= 94To A 187F initial denaturation A1Z] ¥, 94C/2%, 55C/1%, 72TC/2%
o2 3}3, final extensione 72T 1583t A3qsH o 36cycles A AR Template
DNA7Z} H7FEA] &€ Negative control®] nonspecific reaction %5 s}z s A}
|HAT BE A Aol Al Holi whEste] A3E =E53Ath PCR producte 0.5
x TBE buffer®} 1.2% Agarose gel AollA A719 530, ethidium bromide® 44 %+

UV transilluminatorel]l A Wl =2 #2189t}

Oko

t}. rDNA RFLP analysis

rDNA<] IGS 992  primer CNL12=5'-CTHGAACGCCTCTAAGTCAG-3'%}
CNS1=5'-GAGACAAGCATATGACTACTG-3'(Appel & Gordon 1996)°] ]l ZF %59
t}. PCR %< total volumes 30ul®E 3} 3L, 20ng genomic DNA, 50mM KCl, 2.5mM
MgCl, 10mM Tris HCI(pH8.3), 200uM dATP, dCTP, dGTP, dTTP, 0.5uM™ 2] primer<}
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lunit®] Taq DNA polymerase(ProgmaCorp. Madison, WD<& H7}sta, ZF dHkg-o

mineral oil 3 ®W&X Foxrt. 28 PTC 100 programmable thermal cycler (M]
Research, Water Town, MA)Z A3 Q1L 94T A 3E7F initial denaturation A7l 3
35 cycle's¢t denaturation, annealing, extensionS WFE3I T A 13 cycled 95T/35%,
58C/55%, T2C/45% = 3} a1, 14~26¢cycle®} 27~35cycled 72T extension step= 2+2¢
2% 387 Agstdtt. Beyele T 72CAA F7FE 102 ¢+ incubation® 91t

IGS &% A& 2 Pst] 0% digestion ¥ ADNA] ¢ & =4 %2t} Negative control©]
nonspecific reaction® & FHH-E 98 AFEEHJ L, o] AL Hojm A W oA wHEE
o} 10 el IGS PCR productd] Avall, HinfI, EcoRI =8]x EcoRV (Boehringer

Mannheim)E #8392, 1 AHEL2 05xTBES 2% Agarose gel oA #A7]9%F 3

ofN

o} gel ethidium bromide @4 ¥ UV transilluminator= <13}
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Table. 3-2-1. Pathogenicity of Fusarium oxysporum f. sp. fragariae isolates from wilted

strawberry plants to four strawberry cultivars

Isolate ' Origin . . Disease index *? _
Cultivar Location Dochiodome Redpear] Maehyang Akihime Average
Fol Nyoho Nonsan 0.0 0.5 0.0 0.0 0.12
Fo3 Nyoho Nonsan 0.0 0.0 0.0 0.0 0.00
Fo4 Nyoho Buyeo 3.0 1.0 0.5 0.0 1.12
Fob Hokowase Gongju 1.2 1.7 1.0 0.0 0.97
Foll Hokowase Hongsung 0.0 0.0 0.2 0.0 0.05
FF01 Hokowase Naju 2.0 0.5 0.0 0.2 0.67
FF802 Hokowase Naju 0.0 0.2 0.0 0.0 0.05
FF406 Hokowase Naju 0.0 0.2 0.0 0.0 0.05
FF408 Hokowase Nonsan 0.0 15 0.0 0.0 0.37
FF409 Hokowase Nonsan 0.0 0.2 0.0 0.0 0.05
Fol3 Hokowase Hongsung 0.7 0.2 0.0 0.2 0.27
Fo23 Reiko Nonsan 0.5 0.0 0.0 0.0 0.12
Fo30 Nyoho Nonsan 2.0 0.7 0.0 0.0 0.67
Fo40 Redpearl Iksan 0.0 0.0 0.0 0.0 0.00
Fo4l Redpearl Iksan 0.2 0.2 0.0 0.0 0.10
Fo4? Akihime Nonsan 0.2 0.0 0.0 0.0 0.05
Fo45 Akihime Daejeon 0.0 0.5 0.0 0.0 0.12
Fo47 Dochiodome Nonsan 0.7 1.2 2.2 0.7 1.20
Fo48 Dochiodome Nonsan 0.2 0.2 0.0 0.2 0.15
Fob0 Johong Busan 2.2 0.5 0.0 0.2 0.72
Fob4 Dochiodome Gongju 25 15 0.7 0.7 1.35
Fo56 Akihime Yeongi 3.5 0.7 1.2 1.2 1.65
Fo79 Samaberry Nonsan 0.7 0.5 0.2 0.2 0.40
Fo82 Dochiodome Nonsan 1.5 0.2 0.0 0.0 0.42
Average 0.8 0.5 0.3 0.2 0.44
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o2 Yely oy Dochiodome®™ 7 Z4AdS yetdld,  H, Z2AE JlE A W
S T 4T FAE BE 5 HES

Fe BAY WolE vheh

F. oxysporum f. sp. fragarigeZ45E £ E]Q GenomicDNA7} RAPD-PCRE2] o] A}-&5]
At 15709 random decamer primer’} F. oxysporum f. sp. fragariae 22759
genomic DNAE FF2o=2 3o testH At 1 Fol 97 primer7} F3s W= s
BRI, 27) primerE Adsle] o] thdst X HoA ®Elsk F. oxysporum f. sp.
fragariae®] 227t55 Wi, wAsk=d ARESEgith. OPA 07, 119k URP 5, 125 ©]83

PCR %”Z‘— of A EE FFELS T e dYs Hlow I ¢FE H g
gt S UEFHTHFig.3-2-1).
I

SZH == 150bpol A 24kb7FA] WERSE AL, 223 52] RAPDEA oA 175W =7} 7
o 1 % 160 polymorphic(91% +At=)S ®HYH(Fig3-2-3). Z #F @ SZ4H
DNA w=3i= 2~8Jo|t}. o] & Datax RAPDZ} F. oxysporum f. sp. fragariae? isolateZ
sk golstvhar A7 EHAH, #FF7He] FHA o] At AS HoFATh
CNS13 CNL12 primerE ©|-&3}t9], F. oxysporum f. sp. fragariae®] 227258 <F
26kb =EZAES A4S F AATF(Fig.3-2-4). =Z3 IGSAHE] 4709 endonuclease(Ava
0, Hinfl, EcoR1 123l EcoRV)E A 2|et3tH(Fig3-2-5). Avall ¢t Hinfl & A&
IGSY Y A=A &gt MeEgds A oY EcoRI ¥ EcoRV el A Azt dojA=

FElek gAS Holx ot aHy Avall & Hinfl & A gd IGSY Y AES Fe3
M el AEsgn oF o As #EA S e R 29kth restriction pattern &

218 200bpel A 1.2kb7FA]  Eo]H<el WE=dHES AEPu. 8RR IGSY Y9
thekAd S yeRdTh 8 ITS 994 st 44 xpo]
2 %Abel7] Y&l ITSI, 4 primerE o] &3 £Z& AAE & 7t #5355 7119 AN
A 3}

MlE 24 Al A Aol E A

restriction pattern< 5 79
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URP, OPA primers ©]-83% S3&3} IGS AdFde] Adads Fdsto] =43}
¥} 3A 3aFeE UHoHH(Fig3-2-6). AAGozE 77%e #4144 AolE vERW
o Y BEAYe 7FE 2 &

rob
o

% T']:_L ]‘l‘ ”L‘Tool () SHL:_
A EXx ek wElA IFo] B ¥ sE "] AESHH F. ooxysporum f. sp.
fragariaes 717 FE mE HHEAdY g EE DNA o] Wolrt 7} Hdds 1

o At des & AT

el

Tl

il ]
Foi
:I'-l.-
e
e

Tein
| (S]
ezl
fedd

Fig.3-2-1. Dendrogram showing relationship among the 22 isolates of F.
oxysporum f. sp. fragariae. Genetic similarities were obtained by RAPD using

primer OPA7 and OPA1l.
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Fig.3-2-2. RAPD patterns on 1.2% agarose gel of amplified fragment generated from 22
isolates of F. oxysporum f. sp. fragariae with random primer (Upper) URP 5 and
(Below) URP-12. Lane M, DNA marker ( DNA digested with Pstl), lane 1, Fol; 2,
Fo3; 3, Fo4; 4, Fo6; 5, Foll; 6, FF801; 7, FF802; 8, FF406; 9, FF408; 10, FF409; 11,
Fol3; 12, Fo23; 13, Fo30; 14, Fod0; 15, Fodl; 16, Fod2; 17, Fo45; 18, Fod7; 19, Fo48; 20,
Fob0; 21, Fob4; and 22, Fob6.
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¢ el

Fig.3-2-3. Dendrogram showing relationship among the 22 isolates of F. oxysporum f.
sp. fragariae. Genetic similarities were obtained by RAPD using primer URP5 and
URP12.

[SRF]
(]

o e e e e s R e e e b b e G b e e b b |

Fig.3-2-4. PCR amplification of various isolates of F. oxysporum f. sp. fragariae, using
primers CNS12, CNL1. Lane M, DNA marker ( DNA digested with Pstl), lane 1, Fol;
2, Fo3; 3, Fo4; 4, Fo6; 5, Foll; 6, FF801; 7, FF802; 8, FF406; 9, FF408; 10, FF409; 11,
Fol3; 12, Fo23; 13, Fo30; 14, Fod0; 15, Fodl; 16, Fod2; 17, Fodb; 18, Fod7; 19, Fo48; 20,
Fo50; 21, Fob4; and 22, Fo56.
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Fig.3-2-5. Electrophoretic patterns on 2% agarose gel RFLPs of the amplified
intergenic spacer (IGS) region from 22 isolates of F. oxysporum {. sp. fragariae
digested with (a) Avall and (b) Hinfl. Lane M, DNA marker (DNA digested with
Pstl), lane 1, Fol; 2, Fo3; 3, Fo4; 4, Fo6; 5, Foll; 6, FF801; 7, FF802; 8, FF406; 9,
FF408; 10, FF409; 11, Fol3; 12, Fo23; 13, Fo30; 14, Fod0; 15, Fodl; 16, Fod2; 17, Fo45;
18, Fod7; 19, Fo48; 20, Fod0; 21, Fob4; and 22, Fob6.
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it}

Fig.3-2-6. Dendrogram showing relationship among the 22 isolates of F. oxysporum f.
sp. fragariae. Genetic similarities were obtained by RFLPs of IGS of rDNA.
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A gdAds HrrsteEd ol &3kt olydt RAPD 42 F. oxysporum formae
speciles 7+ IS A=d A FE5HA ALEEHSA=U F. oxysporum f. sp. albedinis
oM += f. sp. dianthidl A= F 2% 283 f sp. pisidlA+= 2~32F o2 FEXA O
o}, & AFo A= RAPDS RFLPEX o2 =19 F. oxysporum f. sp. fragariae +2]1F
5 AtolollA =2 FFe A4 tgdAel de Aew =ewn Cluster #42% F.
oxysporum f. sp. fragariae W2 wHES 8/ IFoZ FEAATE. 18y RAPD®F RFLP
2 8" 25 2T E AtoldAe o' d#dAlE it Paavanen-Huhtala et.
al(1999)+= RAPD-PCR¥} isozyme data® F. oxysporum AE°] 44 oz theksty 774
RO % Ao S s nh e melda £HE BEdE Aol AlE
WAsk A dAleE Al A 7] Abolol A AR FaRaAE W WA Kelly et al(1994)+=
OJFE Fof s = ANESHWS opy|EtE 637 FY F. oxysporum f. sp. cicerisE
HEAd typeol #Hdte] F o FEAJTE. o] dATelA= RAPDEAIC® F
oxysporum f. sp. vasinfectum< race A, 3 18] 49 | FsE I FHAH aFoR F
B At ol" F. oxysporum f. sp. vasinfectum® 3 racex= ®HYA o] 71Z3sle] 3719
e EiFozw SEHAT wEtA raced #FHF 9IS F. oxysporum f. sp.
vasinfectum®] - 71FHE 9 races ] A @A wxd 7idsdtta & 4 vk Mes et
al.> F. oxysporum f. sp. lycopersici®] RAPD Z}E—‘jr/‘—*. Hluz V
M oEE T 84 bddEs Bo Fom RAPD 4 o= o
1ES TEFAC. Nelson et al.(1997)& RAPDEX o2 F. oxysporum f. sp.
erythroxyli®] 8755 U2 formae speciales®} W&3] +&3] Ao Yustd F.
oxysporum f. sp. erythroxyli®} 233 tE formae speciales 7Foll FE7F= W= Aol
AZA% 7] wFoltl. Namiki et al.(1998)8 RAPDEAIS A AEO F oxysporum f.
sp. cucumerinumol A =& 314 FAZE Hva H s

Bt 0% DNA 999 HuesE 2o o2 TR XoJX = formae specialesE T
d #=th. o= W dR nEZc=gof DNARY ofyel & rDNA W Fus
T ITS 992 "WHs] #AAE Fusarium AES FHAE H 28 AEZ IS
BojFEa Q. B AFgqAH= IGS 992 RFLPE F. oxysporum f. sp. fragariae &
TS Alolel F42 #AAZ NFet=d ALY F. oxysporum f. sp. fragariaed =
= weldeRSH SFE rDNAQ IGS 99 A7]= tiEf 26kbolth.  Cai et al.(2003)<
CNS12 ¢} CNS1 ZZA 7 60T F. oxysporum f. sp. lycopersici®l ©¥ dAHAL

b &
h
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2F 26kbet Huskdth Yli-Mattila et al. F. oxysporum f. sp. avenaceum, F.
arthroporioides, F. tricinctum® E& 752 IGS ddZol7F A9 26kbEteE AS Ho

FAG. Eo fAe Ao 560 o] MUY v¥ YA F.ooxysporum wE] oA B
3 HRY old AFEoe] o wAS e =1 dth Kistler et a2 5% IGS

do A7l A YERY #o]=(2.3~3.1kb) rDNA 949 AolA A4 =& F7F Wolzh o
S F Y BolFEt A, F. ooxysporum® THE formae speciales} H] W dlo] =
rDNA RFLPs oAM= oW A #3252 Fdvh. & Aol IGS Gl oA
o] RFLP #2lo] A9 2270 F. oxysporum f. sp. fragarige 755 Zto| WolE Hol=
3 9tk 3 DNAS nEZ=4g o} DNAS RFLP+= F. oxysporum® formae speciales A}
ol g} Atolu] A TUAHES SA3=H AMEEH gtk tiFEe] ATES HeH ®ol
¢t DNA o84 Atole] A#aAE wolFErl= Adatadrt. Woo et al.(1996)2 204+
9] F. oxysporum f. sp. phaseoli W73 AlFALolo| A RFLP2 RAPD WH=<F gl A X
st AMES Haekeith gla o]yl Ade VCGe #d Jom fHaHom R Eol
FrAbstthE A1E Bl

w ATelAM= rDNA ITS 99 RFLPSt RAPD:= &3] 725 HEddes B
ARE Ft Foll= oW AABAE EAskA] F%al s
t. At EcoR1I 3 EcoRVelA= oW Ak dyl Fde s
oxysporum f. sp. fragariae] A|etF/de] xfolE #Azsl= ol Ao
7} F. oxysporum f. sp. canatiensis®} F. oxysporum f. sp. cubens & Z%At&
AfITIE AYPS W= B Ao B AFE= F oxysporum f. sp. fragariaet] =<
Fo FHA S UetdFH, @5 U o0& Aol ZEF old HAdE Aol
<
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A ApeldS & sl F olvh =9 rDNAS| RFLPSE RAPD7F o 7HAwe] A2 4
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Table 3-2-2. Primers used in this study

Prmer Code Nucleotide Sequence (‘5 to 3
OPA-02 TGCCGAGCTG
OPA-04 AATCGGGCTG
OPA-03 AGTCAGCCAC
OPA-07 GAAACGGGTG
OPA-08 GTGACGTAGG
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-13 CAGCACCCAC
OPA-14 TCTGTGCTGG

Primers were obtained from Operon Technology Inc. Alameda, CA, USA.
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Fig.3-3-1. Symptoms of Fusarium wilt of strawberry in the field. A) deforming and
vellowing of central leaflets of strawberry; B) root discoloration; C) a longitudinal
section of the diseased strawberry crown showing vascular discoloration; D) a

transverse section of the diseased strawberry root showing vascular discoloration.
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Fig.3-3-2. Morphological and cultural features of Fusarium oxysporum f. sp. fragariae

isolated from strawberry. A) microconidia borne on monophialides; B) chlamydospores

7] FAkA 21470 2 T 3TN EFA AleESHel TAHUT F AT FF
vht} oFzke] zpol7l Qdl FE2 12-39€, 6-82 Alolgow e E 0~30%°]ATh #
Sww, H=d, wjaf g, op7 s H FFoA BAENeH 1 F A

g et ©x e mv FF0] 100%9F 46.9% = 7+ Ho tH(Table 3-3-1).

i
o
A
32

Table 3-3-1. Incidence of Fusarium wilt of strawberry under major cultivation areas in

Korea during 2001 ~2003
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No. of field No. of field Range of Disease out

Cultivar
surveyed diasesed incidenci(%6) break peak

Dochiodome 32 15 10-15 Jul.
Redpearl 111 9 5-10 Dec.~Mar., Aug.
Akihime 48 7 0-5 Aug.~Oct.
Maehyang 14 5 11-30 Mar.
Samaberry 1 1 30 Jun

2001 d oAl 2003 d7h4] AWl AW HAXGS FARS Ay SHV|Q 6-8Y9, B A

A=)

217191 9-104, F5712
az7)el Aol Astla g %—6?71?1 -39l = He] HAY. =
<

AL F2 A

=)
o2

2] 8
R G =rdor Feo Wyt Fis ] H% k. %“301 Brhar 3 A0

Table 3-3-2. Frequency of occurrence of Fusarium wilt on strawberry in Korea from
2001 to 2003

Year No. of field No. of field infected per month

surveyed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
2001 93 1 0 0 0 0 4 0 4 3 6 1 0
2002 54 1 1 0 0 0 4 0 1 0 0 0 1
2003 67 3 0 3 0 0 2 2 0 - -
Total 214 5 1 3 0 0 10 2 5 3 1 1

T o
ErntEel vrato]l FusariumW -2 AFFE A whalo] Ashm (% 2000), AHAEFo] 2] ATk
o] W3l Fusarium oxysporum? S2o] £o]3}il(Stover, 1956), AR E LGS X245 0]

Y, EFSEe] Wash sl A8 Welsael Avha @ AN, 19822 1T
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of B o B3] AESH dATAE Ao & Zow AlgHrt E3H olgegd =
A A EGAREEE FEA XZRY =4 YERSTHTable 3-3-3). SR EEE SH
TR 72 A A UEEtow F87] YA os EYY] dAFELEUt =
ofx] A= HrEle] Azt dAety] Wil A ZAo(fa, 1986). B3 pHE AlE5H 24
ol A EAET B UEtgtem  {7E, Il ol FEFw v uEwt &
(2000) Sl ot pHE #AGL F7E, it Fol& o] =& w dAo] @ru
st e 2 A¥ete thE2A vEwged 27 AESH TS & Fusarium® 3 th 2
Al Fdo] F=3 Agol Aol FrbetAth. oo wY] AlEFH Aol wodt=
EF U 74 S AL dawke S 454 o w
(e}

2 A= ¥t (Table 3-3-4, 5).

Table 3-3-3. Relationships between soil contents and occurrence of Fusarium wilt on

cultivating strawberry harvest and nursery field

[0}
Field condition Content %

Clay Sand Silt
Diseased field 14 23 62

Harvest stage
Non-diseased field 18 12 69
Diseased field 9 25 66

Nursery stage
Non-diseased field 19 19 62

Table 3-3-4. Disease field and chemical properites in the soils of the surveryed

cultivating strawberry harvest field

pH oM Av. P:Os Exchangeable(me/100g) EC

(15 (%) (mg/kg) K Ca Mg (ds/m)
Diseased field 5.84 2.2 514 0.62 6.46 1.85 1.92
Non-diseased

6.44 3.5 809 1.04 8.63 2.71 1.12

field
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Table 3-3-5. Disease field and chemical properites in the soils of the surveryed

cultivating strawberry nersery field

pH OM Av.P:0s Exchangeable(me/100g) EC
(1:5) (%) (mg/kg) K Ca Mg (ds/m)
Diseased field 4.87 2.8 594 0.71 4.29 0.97 1.19
Non-diseased
6.90 3.8 396 1.08 8.46 247 0.69

field

WS 2AG A3 R A M zdd] w2 Au A
A AR A FARANE $EAEE B ve) A5

=
=
ool A yebwth B3 Ao OE AESW HASS A A SEE
P oSy n
=

2 128 77F AAte daAy FRy AleEsd 2ol =A uEwtH(Table
3-3-6). ZF APt AFAL A= NOs-200] 7 $2 AFS Uetdlen 22 skoA
= gREH 24 Ao ASol ek 1y NH-202 o] Axsdi=d oA
= GEEH il el o7 4ol yEd e ARt (Table 3-3-7, 8). o] &

=
2 WLy WAl Belalt edlew BP0 AaBE 1% uEd darh 4

)

Table 3-3-6. Incidence of Fusarium wilt of strawberry(cv. Dochiodome) according to

nitrogen concentration of basal fertilization

Treatment Wilt(%)"
Conventional culture N:P:K (15.7:4.9:9.7) 10.5+6.9
Control NPK (04997 8.3+59

a) MeantSE
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Table 3-3-7. Growth characteristics of ”"Dochiodome” strawberry as affected by

nitrogen type at 30 days after planting

Treatment Plant leaf Leaf Number Diameter of
Chlorophyll
(mM) height(cm) length(cm) width(cm) of leaf  crown(mm)
NOs-10 10.7 6.3 47 6.0 10.7 43.9
NOs-20 11.0 6.3 5.6 6.0 115 49.3
NH4-10 125 75 6.1 5.3 9.0 48.8
NH4-20 9.3 5.6 45 6.0 10.3 44.0

Table 3-3-8. Fusarium wilt according to nitrogen type on strawberry plant(cv.

Dochiodome)
Concentration of nitrogen type Wilt(%) ¥
NO3-10 0
NO3-20 111
NH4-10 44.4
NH4-20 44.4

‘a) Nine plants per treatment were inoculated and rating 50 days after inoculation.

3 R FEREU oW 1% Fod, Fod7, Fob4, Fob69] 47+ W AA o] 7e}
Sol Weld A4S HEhlA Sk FTERE =R =,
d=d FFo] o|HAFIL =oAL wiEa op7H FF2 A dErwth ol g A=

=
F ol wWol AuiEal = 4Tl Y HYdAde] A d =

ps)
o

>
g
©)

S
~
gy
o

an
—
=
o

o
)
1o,
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Table. 3-3-9. Pathogenicity of Fusarium oxysporum f.

wilted strawberry plants to four strawberry cultivars

sp. fragariae isolates from

Isolate Origin Disease index *°
Cultivar Location  Dochiodome Redpear]l Maehyang Akihime Average
Fol Nyoho Nonsan 0.0 0.5 0.0 0.0 0.12
Fo3 Nyoho Nonsan 0.0 0.0 0.0 0.0 0.00
Fo4 Nyoho Buyeo 3.0 1.0 0.5 0.0 1.12
Fob Hokowase Gongju 1.2 1.7 1.0 0.0 0.97
Foll Hokowase Hongsung 0.0 0.0 0.2 0.0 0.05
FEF801 Hokowase Naju 2.0 05 0.0 0.2 0.67
FE802 Hokowase Naju 0.0 0.2 0.0 0.0 0.05
FF406 Hokowase Naju 0.0 0.2 0.0 0.0 0.05
FF408 Hokowase Nonsan 0.0 1.5 0.0 0.0 0.37
FF409 Hokowase Nonsan 0.0 0.2 0.0 0.0 0.05
Fol3 Hokowase Hongsung 0.7 0.2 0.0 0.2 0.27
Fo23 Reiko Nonsan 0.5 0.0 0.0 0.0 0.12
Fo30 Nyoho Nonsan 2.0 0.7 0.0 0.0 0.67
Fo40 Redpearl Iksan 0.0 0.0 0.0 0.0 0.00
Fo4l Redpearl Iksan 0.2 0.2 0.0 0.0 0.10
Fo4?2 Akihime Nonsan 0.2 0.0 0.0 0.0 0.05
Fo45 Akihime Daejeon 0.0 05 0.0 0.0 0.12
Fo47 Dochiodome Nonsan 0.7 1.2 2.2 0.7 1.20
Fo48 Dochiodome Nonsan 0.2 0.2 0.0 0.2 0.15
Fob50 Johong Busan 2.2 05 0.0 0.2 0.72
Fob4 Dochiodome Gongju 25 15 0.7 0.7 1.35
Fo56 Akihime Yeongi 3.5 0.7 1.2 1.2 1.65
Fo79 Samaberry Nonsan 0.7 0.5 0.2 0.2 0.40
Fo&2 Dochiodome Nonsan 1.5 0.2 0.0 0.0 0.42
a Disease index: 0 = no symptom, 1 = 1-2 leaf rolled and yellowed leaf, 2 = all leaf

rolled and deformed leaf, 3 = chlorosis and wilting, 4 = wilting, 5 = death. Rating of 25

days after inoculation.
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Al 44 R AedaniA] B e daede A4

D ool vt Bl A

BS87wt T2 wgo]| A4 wjAE AMLatr] st 71Ee] A v 9 Soy milk,
HlA] T dyrAom e Qe wiAE A7 BOCOM 3UT W F owgEEE 3
EAPAEES 2ASH g FANS 99 HAWAR &8sttt 2t wiAi= NB, NYB,
PDB, PPDB, PYG, Soy milk, ZA%H|#], KB H|#] & Al Aol A gatdet. Aol AFEE )

Ao 242 t&3 ZH(Table 3-4-1).

Table 3-4-1. Media used in this studies

media ingredient remark
NB Nutrient broth 0.8% difco
NYB NB+yeast extract 0.5% -
PDB potato dextrose broth 2.4% difco
PPDB PDB+polypeptone 0.5% -

peptone 0.5%

yeast extract 0.5%
PYG -
glucose 1%

K2HPO4 0.1%
soy milk 5095 -
powder of residue in the
Biji . -
preparation of bean curd(4%)
KB King’'s medium B difco

2) MEFL L FE wE W

fu
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NYB A& 7| ZujA 2 dto] XAPPES T/ o= B | vFaAhE F
2 FHrtste] #F widwd e 2 AP ES ZAEAT & A ¥

= dipicolinic acid®} Mg® 1831 Soy mikES FE¥E=Z Add ALg5ch
Dipicolinic acid®= &3 Axets de ditdo=z A oA Hi 12%7H4] AFE=R
ZAQev] Ca” 3 4 FAste] F2 A WA Bl A olt} dipicolinic acid
E10710™ 2=, Mg” s IMT10'M =2 384tk Soy milkdl A= 10%, 30%,
50% sE2 Ags

sy
a

B

Fo

i

g, A age) g wazd 3435

BS87 9] WA FH S F3l Soy mikE WX E A8stg o, Soy milks T
A A T 5 de S S AR HA R Adetr] wiimel g wiA e &
S/ 7F =k webs] ZEu A E BS87, BS36, RK1 w9 o #ujel] &&317] 95
A FEE, gFdsd 2 750 ddEE 2 EAPAAES AT 4 dEe
g, MgSOy - 7THO 15 g,
glycerol 15 g, distilled water 1#)agar #iA & WFEo] HiYA-S 0.85% A#2]FdF= 109
@lg2 545 Fo 30T incubatorell A 29 3F wjFete] BTE SASHATH

N

a1

King’s medium B (KB; proteose peptone 20 g, KoHPOs 1.

gol Ta8t7] wjzel olol WF BSAHAS AAGAr FHA AAHCEA, FA, BaA,
<%

%)
7, &9, Wk we]A ) kaoline

@217 By A2golE, AR, Cellulose, @4, w3}
), SHATHAA AR(GY B 5FH AUGYA, LLdF F), 9 A HAA, Ve
v H7b 55 F3 Bl MEE S AR FoWA BY] AESHE &2
o AT F A= AFS MEstr] st =He At

AAAe T S @ =] Sdole HHAAPES =oly] flste] F3kAl B AYs
AEA Adstdch kA Bl Alde 5oz Eo deo] & Hal 30 o] dE
o] A &HTh= ZFlola, wek W] Ly AgAe] F2ho] Hojuw, uAGe] Ay HT)

o,

fo

= 1 ©
oA Sowm ARAFe %ol A folaith Aolt 2 @xe W
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White Carbonol] WA F23st & EdeZ ZA F& Fo of& #H7bsl FAth 3719

1010
—o-—-Totalcenl —4A—Spore Formation Y
109 o
/7/
————>——— @ — @ ——___
108 - @ o @ Pty
107
A
106 e A
A &

105 e, P

A A B Sm— A
104
103

NB NYB PYG KB dKB PDB PPDB Soy milk 4% Biji

50%

Fig.3-4-1. Comparison of the growth and spore formation of Bacillus
amyloliquefaciens BS87 in various medium. NB(Nutrient broth 0.8%), NYB(NB+yeast
extract 0.5%), PDB(potato dextrose broth 2.4%) KB(King’'s medium B), dKB(dipicolinic
acid + KB medium), PPDB(PDB + polypeptone 0.5%), PYG(peptone 05% + yeast
extract 0.5% + glucose 1% + KoHPO, 0.1%), Biji(powder of residue in the preparation
of bean curd(4%).
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M@= Bacillus amyloliquefaciens BS87, Burkholderia pyrrocinea BS36 2 Bacillus
sp. RK1 @59 tigAsks s AFAE datr] fstel 22kl w2 oA Bacillus
amyloliquefaciens BSS7TT 5 30TCoA 3¢7F vjds & vjdade & IIAES X
Abekieh, iR wiAolA 10° Ao wjgdiaEE mlou, Soy milkst M A A=
10" o] iR & Agtom, £ ol Soy milkw A S AHEE H$
7F 10° o] e] FER b e IAPAH LS Hol FUrH(Fig3-4-1).

Dipicolinic acid & #7}s NYB A& 39 wjeke] A$ o 79 wjekst A9 =% 10

~10° cfu/ml wEo] MY EHE Vel ok (Figd-4-2), Mg” & H7Me NYBulA & 5%
7b ok E wjga&o] FEstAthFig3-4-3). Soy milks 39 HlYE H-$ 10% Soy
milk#} <ol A 107 cfu/ml o4 FEE dehl 71 Z&Aolglar, 79 wigel e 30%
Soy milkell A 74 A7t S7hsk At

1010

03 day m7 day
109 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

108 H

107 H

106,

105 |

104 K

103 -
NYB dPA dPA dPA dPA dPA Mg*2 Mg+*2 Mg*2 Mg+*2 Mg*2 KB Soy Soy Soy
10-3M 10-4M 10-5M 10-5M 10-7M 1M {0-'M 10-2M 10-3M 10-4M Milk  milk milk

10% 30% 50%

Fig.3-4-2. Comparison of the population density of Bacillus amyloliquefaciens BS87 in
NYB medium amended with dipicolinic acid, NYB medium amended with Mg® ion
and soymilk broth. dPA10° : NYB(NB+yeast extract 0.5%) + dipicolinic acid 10° M,
Mg” IM : NYB(NB+yeast extract 0.5%) + Mg” ion IM, Soymilk 10 : Soymilk 10%
broth.
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03 day 7 day
109
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104
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NYs dPA dPA dPA dPA dPA Mg*2 Mg+*2 Mg*2 Mg*2 Mg*2 KB Soy Soy Soy
10-38M 10°4M 10-5M 10°6M 10""M 1M 10-'M 10°2M 10-3M 10-4M milk milk milk
10% 30% 50%

Fig.3-4-3. Comparison of the spore formation of Bacillus amyloliquefaciens BS87 in NYB
medium amended with  dipicolinic acid, NYB medium amended with Mg2+ ion and
soymilk broth. dPA10® : NYB(NB+yeast extract 0.5%) + dipicolinic acid 10° M, Mg”
1M : NYB(NB+yeast extract 0.5%) + Mg2+ ion 1M, Soymilk 10 : Soymilk 10% broth.
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ol weba BS87 T2l -9l % dipicolinic acid 7} EAF Ao GFS WA =7F ot
A AP & F IS F7 Fe AoE yeuth 2AFA &N oA E
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109 F---- ‘;, :,_,.,_,_:;,_. e - W m——— - - — - _:::7_“7‘17—‘—:;‘*'::::. ,,,,,
< - A
L {77;7:7‘ 777777777 ~ :Ii 77777777777777
< N > -
107 Vo ________ N oo e
N - ~
106 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,! ,,,,,,,,,,,,,,,,,,,, A
108 fFommmmm e m mm e e e e
- @- Total Cell —aA -Spore Formation
1 04 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
103 . . . . .
Soy milk 5% Soy milk Soy milk 10% Soy milk Soy milk 20% Soy milk

5% +glucose 10% +glucose 20% +glucose

Fig.3-4-4. The effect of the glucose on the growth and spore formation of Bacillus

amyloliquefaciens BS87 in soymilk medium.

Bacillus amyloliquefaciens BS87 2] vt 5%, 10%, 20% &E2 Soy milkH|
Aol glucoses F7Fste] vt Lt 2P &l v = FFS Lolr AT} Glucose
A7 & Adgole 1 3] jlod, FAYPAHE] 23]y Fo=s AHE 2SN
o}, 5%9F 10%9] Soy milk¥l Aol A 10%cfu/ml o 7}7+S A A &S B0} glucoseS
A7he A9 10° cfu/ml olate] WER "Wojhon HAWMHOR Soy mike] FEIF EET

== 1
= XAPggol 2ot AIFS R H(Fig.3-4-4).

Fig.3-4-5. Photograph of endospore of Bacillus amyloliquefaciens BS87 in soy milk
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medium.

2) RK1¥+¢] Soy milkii#] s%d, WFdsd Mg 5=

1010

1 day @2 day @3 day B 6 day [l 8 day M 10 day N 14 day

10°

108

107 |-

108
Soy mik 1% Soy milk 5% Soy milk 10% Soy milk 30% NB

Fig.3-4-6. Comparison of the population density of Bacillus sp. RK1 with different

concentration and times(days) in soy milk medium.

RK1 59 Soy milk#j Aol Ao mFad =S ZAMG A3 30% Soy milk#) A o] A=
8AZF Wk ¢ 7bg FIrE ko), 1978U7A 107 cfu/mlolde] FEE UEhY
I 10% Soy milkdj Aol =19~ 397F W F$-% 107 cfu/mlol o] A7t 21y
Atk 5% Soy milkmlA A= 19 wFe H97F M Ee 58S Urhyon 29 o
TaE o3y #idtE 4TS B ATHFig3-4-6).
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1 day @2 day W 3 day BE 6 day
28 day W10 day N 14 day

108 |-

107 |-

106
Soy milk 1% Soy milk 5% Soy mik 10% Soy milk 30% NB

Fig.3-4-7. Comparison of the spore formation of Bacillus sp. RK1  with different

concentration and times(days) in soy milk medium.

1‘
Hi

RKIw 9 XAPAE&S Ao EW 5%°] Soy milkwjA oA 843+ sidd 45 7+
o XIAPN LS BAL 1%5 59} 10%55E Z4sts 43S B IvH(Figld-4-7). &
Pell A= RKITFE 5% Aol Al 8U3E wiksto] A gel] Attt dAnkx oz wjet
Dot 2 P& dojA dxF=2 AH&E NB #jxntt E&4 o2 velya, 7}
o] Aalm Fgo] A A ml AL el JJA FE& A=A TRk Roke] &

g 4 98 Aoz A,

ETT

Oko o

3) BS367 2] Soy milkul A HEW, wjtda wjdkit WE

1011

1010
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108

107
Soy milk 1% Soy milk 5% Soy milk 10% Soy milk 30%
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Fig.3-4-8. Comparison of the population density of Burkholderia pyrrocinea BS36 in

soymilk broth adjusted in various concentration.

BS367 = 5%9F 10% Soy milk#l Aol A 193} 29w Ax7t 10" cfu/ml Wl
SEZ B A YERsth £ A3 oA = 5% Soy milkul Xl A 29 7F v Fsle] A8
o, AWbd © 2 Burkholderia pyrrocinea BS36 % Soy milk®] Xl A Ao LA
tH(Fig.3-4-8).

A w72 vt #FE HESI AESelr] flste] SolEFHEY F st AEES
stelsl A3 Bacillus amyloliquefaciens BSS7H T Soy milk®] Al 10% 5 =l A ] 9kal o
stolEFL o] FHE A9 A7t 10° cfu/g oo & 7bd Ekot AFskek Aol e
5% % %2 Soy milk XA 7} =2 AEES Ho FtH(Fig.3-4-9).

100

COWhite carbon EPrototype
108 [ ST ittt ittt
107 R e e e e [ [
L T D P N I """""""""""""""""""""""""
10° I I I I I I I

Soy milk Soy milk Soy milk Soy milk Soy milk Soy milk Soy milk Soy milk
1% + W 5% +W 10% +W 30% + W 1% + P 5% + P 10% + P 30% + P

Fig.3-4-9. Comparison of the population density of Bacillus amyloliquefaciens BS87 in

soymilk broth amended with white carbon and in prototype formulation.

2) BS36¢¢] Al¥ st

Table 3-4-2. Comparison of the population density of Bacillus sp. RK1 in soymilk broth
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amended with white carbon and in prototype formulation

prototype formulation

No. Cell (cfu/g)

Culture broth population density

BS36 + VS-325 (1:3)

[BS36 + VS-325] + prototype formulation (1:9)

[BS36 + VS-325] + prototype formulation (1:1)

59 x 10"
3.7 x 10°
10°

under

10° under

VS-325 : one of the vermiculite

BS36wt 9] mFe FrE 107ctw/ml FEE W FS vie FEst Helu}, EA(SLE
AREA Ea7] wwel W F oAl FHeAAY AAS & A9 AEFT FA9
23E Aol gong pEld £ 2@t B AME VS-325 Al 3 &
Fatet 4% 107%fu/g 4= FAGAo, 2 Fol oA AFE BEo] #5E S
Fhout 10cfu/g o132 A7k §A 8] #2389 th(Table 3-4-2),

3) RK1#59] Al

1010
109
108
107
106
10°
104

103

g3t

O+ White Carbon

B+ Prototype

Soy milk6%+W Soy

milk10% +W

Soy milk20% +W

Soy milks% +P Soy milk10% +P Soy milk20% +P

Fig.3-4-10. Comparison of the population density of Bacillus sp. RK1 in soymilk broth

amended with white carbon and prototype formulation.
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RK1 %9 749 5% Soy milk #j#| el Al wjet #F71 sfo| EvHE S aH(10°ctu/g o)+
U 3k AZ A0 cfu/g oS THEAS o b e AEsS UERSIT 22y 8
FEE 10%, 30%%  Z7/HAZ AS AR FHAZ ASU AFS wE A4S mE AEF

7} Eol=+= A o] AthFig.3-4-10).

e ol 0 A vAEEAe] AAE A%

Table 3-4-3. Comparison of the population density after prototype formulation

The population density after

Formulation Isolates brototype formulation
BS36+BSS]7 BS 36 34 x 10°
mixing type BS 87 84 x 10°
BS 36 type BS 36 3.8 x 10’
BS 87 type BS 87 4.3 x 10’
RKI type RK1 16 x 10°
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7V ARvAEEe) AUy SH aES 9 A A A

) A AEe] 7k FAAH WA Spectrum AH

A3 mAER AYE Bacillus amyloliquefaciens BS87, Burkholderia pyrrocinea BS36
9 Bacillus sp. RK1 w59 7 &AAH WA Spectrums AA37] 93ste] King's
medium B broth(KB)el A 30417+ wlgat 7+ w55 100m'e) == 34
Ampicillin(Ampicillin sodium salt, Sigma)¥} Streptomycin(Streptomycin sulfate salt,
Sigma)< 10ppm, 60ppm, 100ppm #¥, Rifampicin(Rifampicin, Sigma)< 2ppm, 6ppm,
10ppme®] &% King’s medium B Agar(KBA) ®jAo] =23k % 30C &=7]oA 244
owjeFeta SRS gelstdh oln] A WATHoew ME¥l Burkholderia
pyrrocinea BS362 F7F4 22 Ampicillin 5,000ppm, Streptomycin 1,000ppm, Rifampicin

500ppm< -3k KBAOIA 9 344 WA Spectrume #& Wi og #AAsA

2) Al gl FFEY] FAA A 55 913 Mutant %=

ok Ao o zt A Al Bacillus amyloliquefaciens BS87, Bacillus sp.
RK1 #FE9 A AFAH A5& F=87] 9ste]l 300mee] AHzhEez== 6710l
King’s medium B broth(KB)Z 100m% Y 370¢ AztZetx~=dl=  Bacillus
amyloliquefaciens BS872] Tl ¥ tmlS HFsln v AzZZet~3d = Bacillus sp.
RK19 Tujde) smls HE3S H 47 Z823E UV Transilluminators(wavelength
312nm, STX 20M, uvitec) Yol &8 =1 UV light(wavelength 312nm)E 383+ XA}staL
30C & wjg7lel A 3AZF wjFetdet. 2elar 2 T 3] AAEe A 47
Ampicillin 10ppm, Streptomycin 10ppm, Rifampicin 10ppm< ¥ % 30T & s 7]
A 24X v keta ek 22 w2 FAATE FfE KBA wiA|ol streaking 3he] A
d g5 AFE FQ s AREE g53 AFE ok B WHer 7 A

20ppm, 30ppm, 50ppm, 100ppm, 150ppm 74 =242 o & A A 8F 3]t

3) 7t FAA WE AGAHe] ASH FEEY FFAYS DA
g5d #rse YEBAT WG oJNE

AA3st7] §18te] PDA wiAol A 1083t wi¥® Fusarium oxysporum f. sp. fragariaes

PDA WA 9o E H 2m AL Fu ARFG AFY IS FFEE FEA o
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b Aol o] AaE gAA A dFES uE A did v AL g
5 2= AASH] 959 Ampicillin 50ppm, 100ppm, 150ppm, Streptomycin 50ppm,
100ppm, 150ppm, Rifampicin 50ppm, 100ppm, 150ppm< &3 KBA ®iX| & W& AW
H A A TFES FFstr 30T 7|4 387 wigFA T & A oRE 3

syt

© AdS fste] 2] AEsHites Bl A §F 39 Hl vAEAAE FA A
g3 2715 Atk 159 Fol MAEAAE 573 §F 27 LAY b, 2
ol M5 A

7] BE Wy 27hA 2AZHA il s AH S50 Fe EY Bolgss

A 2 wE H2(PE E7|;plant roots with adhering

soil taken..) Ao whol AT 7Lt} Ho] Fo] BS MM 10gs Hoksle]

S 90mlo] HolA 230 ¥ 190rpme 2 30 F HEE| et g
Aufarel whel 3]skl KBAC] 3k =gt

28°C incubaterdl| Al 327k vk Fo] 10" ¥%9 Fusarium oxysporum f. sp. fragariae

X2 FegrdS AxZgo]dt & 25T incubaterol A 3¥ 7 v & A3uAE ] MHAFE

At

rlr
Yok
fo
M

gl

= =
2 AAT 7 de =Tl F)E ALl HAAFH 5em, 10cm, 15cm
ZHolZ 77t EdS At A wol AFAE Lt ESS 1g¥ A4 9ml

7)
o] Hir7F Eol9E test tubeo] ¥ I voltexingd =Tl o]F AHAL 99 2u)
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@ £ 2
AATE DA The 25CeIA 15U WG Fol ANl FAA Fel tabel
Qe Botangon #asd

1
|| FEAY HAEE ¥ 2AZAFY wgAS 1,000m¢ H3Fe] 2w o] hexane,
chloroform, ethylacetate, buthanolZ 7}3t9] overnight A%l % 2
T =355 wdste 77y S A4S FAST g

oxysporum f. sp. fragariae (10" spores/ml)S #

paper disks €8T WHoz Y3t T).

3) FAEA] HAHS kA
BA0l AAAHQ AN L Fusarium oxysporum f. sp. fragariae (10" spores/ml) S &

R
g AgmAl 7 EuiFEH S E3 paper diskE SHFS F 4¥o] AT &Ado]

4) Silica gel open column chromatography

AgA ajgFdS 8] FE3F ethylacetatesS sodium sulfate® B4 7] o338 o}
RbsEste] Aol full(chloroform : methanol = 100:15)°] *¢] silica gel open column
chromatography & A& 2 AFE3ATE 120me] silica gel 602 chloroformC. & <1 Zoj 3x30
cm column®l] 93 9] A|EE F3Z13}9] chloroform : methanol®] H]&-& 10:0, 9:1, 82, 7:3,
6:4, 55, 0:100® =43 BujE o]&dte] FAAoR FESY. @AY FAHL
Fusarium oxysporum f. sp. fragariae (10" spore/ml)E HZs FAAMAZ ZA)59] paper

disks ol&3iA HAstAnt.

5) Thin layer chromatography

wajel A 2ol gl

Silica gel open column chromatography - P A ThA] HopA]l 7F

o

=

Mo
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& =3to] thin layer chromatography w418 AlE2 AL&3Ath 10x20 cme] +4&
TLCE A}g3te] AHgtst SujxzAS ol 3o 10x20 cme Prep. TLCE AF&35te] A

WA o Zhzhe] B3-S A A Sull(chloroform : methanol = 100:15)2 &% 3
Sof 7Z}zte]l &S FAsth &4 42 Silica gel open column chromatography

7b AR AEEY] Ay H aZES s A WA A

D A% vAEES] 7 FA8AE A Spectrum AA

Agn e 2 A9E Bacillus amyloliquefaciens BS87, Burkholderia pyrrocinea BS36
9 Bacillus sp. RK1 759 Z+ AAE A3A Spectrums HAA3S A3 Burkholderia
pyrrocinea BS36 5 A3 Bacillus amyloliquefaciens BS87, Bacillus sp. RK1 T
off A gAY Ao thd AHaAdAo] ¢l st tHTable. 3-5-1). Ampicillin, Streptomycin,
Rifampicin Al 7FA] &AA] EFolA H3AAS 7FX Q= Burkholderia pyrrocinea
BS36 759 dAAe www AEA Spectrume AAI A3 Ampicillin 5,000ppmel] A

gz 2SS AL AF IFS wx &okar, Streptomycin 1000ppm, Rifampicin

500ppmoll A& A Ao F3FS ol gxTHT A AAES BHAXT A AIFE A
PSS 2o eS¢ T AMAE 25 Ampicillinel] gt AggAdo] 7pF A AS & T

9l A tH(Fig.3-5-1).

Table. 3-5-1. The antibiotic-resistance test of three antagonistic bacteria
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Concentration of B. amyloliquefaciens  B. pyrrocinea Bacillus sp.

antibiotics(ppm) BS87 BS36 RK1
10 - + -
Ampicillin 60 - + -
100 - + -
10 - + -
Streptomycin 60 - + -
100 - + -
2 - + -
Rifampicin 6 - + -
10 - + -
Control + + +
+ : growth, - : non growth

B

Fig.3-5-1. The maximal resistance concentration of each antibiotic for Burkholderia
pyrrocinea BS36. A: ampicillin 5,000ppm, B: Streptomycin 1,000ppm, C: Rifampicin
500ppm, D: control

2) Al gl FFEY] FAA A 55 913 Mutant %=
oA Ao os) ZF dAAe A Bacillus amyloliquefaciens BS87, Bacillus sp.
S 9% Mutant %% A3 Bacillus
amyloliquefaciens BS87, Bacillus sp. RK1 + w5 %% Ampcillin 150ppmeol A <] A &4

2 3 55XA kil Streptomycin, Rifampicin 150ppmel] t3t A A F5=HA 0] &
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¢l ¥ A tH(Table. 3-5-2, Fig.3-5-2). Ampicillindl] ™3+ #A3txdo] mj9 ¢kslA F5H &= 3}

Feov aFE=e Ampicillinol A AFA F5o] HA kS & 7 AU

Table. 3-5-2. Mutagenesis-inducing test for acquire of antibiotic-resistant isolates

BS8&7 RK1
Concentratio
. Wild type Mutant Wild type Mutant
of antibiotics(ppm)
Ampicillin 150ppm - - - _
Streptomycin 150ppm - + - +
Rifampicin 150ppm - + - +

+ ! growth, - : non growth

Fig.3-5-2. The growth of two antagonistic bacteria by acquired resistant against each

antibiotic in King’'s B Agar media amended with each antibiotic. A : BS87 ampicillin
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150ppm, B : BS87 streptomycin 150ppm, C : BS87 rifampicin 150ppm, D : RKI1
ampicillin 150ppm, E @ RK1 streptomycin 150ppm, F : RK1 rifampicin 150ppm, W : wild
type, M : mutant

3 7t A MR Aol H5H B FHLAS A4
A Aol s 7 FAYA dE AFHol ASY RFEY GBS WK olNE

BEET ‘Stepbomycine lme,  BSA7 'Rifampicm: line,  BE-1- 'Strepromyomn e, BE-1- ‘Bifmapicin: lme.

Fig.3-5-3. Comparison of antifungal activity with wild type and antibiotic-resistance

lines against Fusarium oxysporum f. sp. fragariae on PDA.

55 thE FAA g wxAgd 14

e so/‘gxﬂ AgF dFEY 2 A dig s Agd g
A3} Bacillus amyloliquefaciens BS87, Bacillus sp. RK1 ¥ 5 R5tu} 7 A E=
g5 AFgvrs zta da o FAA g wAAIY S 553 A s &
o1&} A tH(Table 3-5-3). &3t 50ppme AAAA AHIAHLS 53 +FE% 150ppmell A

S ol MohE Gl gl B AKTS & + AUk

i

Table 3-5-3. The test of multi-resistant spectrum of resistant lines
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Concentration of Ampicillin Streptomycin Rifampicin

antibiotics

(bpm) 50 100 150 50 100 150 50 100 150
Resistant lines

s - - - - - - - - -
"Ampicillin 100 - - - - - — _ _ _
150 - - - - - - - _ _

50 - - -
BS87 'Streptomycin 100 - - -
150 - - -

+ o+
I
I
o

+
|
|

e —
"Rifampicin 100 - - - - - -
150 - - - . - _

+ o+ o+

0 - - - - - - - - -
"Ampicillin 100 - - - - - — _ _ _
150 - - - - - - - _ _

50 - - -
RK1 'Streptomycin 100 - - -
150 - - -

+ o+
I
I
o

+
|
|

+

e —
"Rifampicin 100 - - - - - -
150 - - - . - _

+

+

+ ! growth, — ! non growth

U ECk] n A E Ao A &A FAL

1) 7] 23W AgvAdE 25 ZA}
AGs x7)9 Agu el AMELL 10°%fu/g o)gor AAAgAe AMELL
10° “cfu/g 2 YJEFSTHTable 3-5-4). T3 EdaFA 9] AELL 10° cfu/g & 7]

A g F A I3 A=] 27 AEE&S W FFE Hola I
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Table 3-5-4. Comparison of the population density of prototype for formulation, dipping

and drenching

Prototype - Population density after Population density Population density
solates
formulation prototype formulation after dipping after drenching
BS 36 3.4 % 10° 6.8 x 10° 29 % 10°
BS36+BS87
BS 87 84 x 108 1.7 x 107 44 x 10°
BS 36 BS 36 3.8 x 10° 76 % 10 6.7 x 10°
BS 87 BS 87 43 % 10’ 86 x 10 58 x 10°
RK1 RK1 16 x 10° 3.2 x 10° 6.3 x 10°

Table 3-5-5. Population densities of antagonistic

bacteria

in the rhizosphere

strawberry at different intervals after dipping of BS36, BS87 and RKI1 into field

of

Antagonistic Log cfu/g rhizosphere soil
Treatment )
bacteria 1day 4 week 14 week
BS36 6.5x10° 35x10° -
BS36+BS87 \
BS8&7 1.0x10° 4.0%10° 6.5%10°
BS36 BS36 5.5x10° 1.9x10° -
BS87 BS87 1.7x10° 5.7x10" 1.4x10°
RK1 RK1 5.0x10° 6.5x10° 7.0x10"

B¢l AFgmAEe] A& A HF ESU

A)
rhizosphere soil 1™, X7 45 Fo dUx:=

¢

A Y8

[}

=7} log 106~7Cfu/g
og 10° Tcfu/g ATl 15 BS36<L Eofo] A

4FAE AENY T 14F0AE oA &L vhd BSR7H RK1S 145 ol % log 100

bctu/gs YE o] =& MELS B TH(Table 3-5-5).
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2 zAbet A%, EY 5em 9 10emolAlE log 107
bctu/g o2 Hl%d 2adxs Wi 15cmol A= log 107 cfu/ge] 22 =S e
tH(Table 3-5-6).

Table 3-5-6. Population densities of antagonistic bacteria in the rhizosphere of

strawberry at different soil depth after dipping of BS36, BS87 and RK1 into field

Antagonistic Log cfu/g rhizosphere soil
Treatment )
bacteria 5 cm 10 cm 15 cm
BS36 . . -
BS36+BS87 ) . -
BS87 14 x 10 1.9 x 10 2 x 10°
BS36 BS36 . . -
BS87 BS87 25 % 10° 1 x 10° 1.7 x 10°
RK1 RK1 1.8 x 10° 25 % 10° 1.1 x 10°

R AEHAdFo| 3B AHS Ho|= Burkholderia pyrrocinia (BS36)9¢ Bacillus
amylol iquefaciens (BS87), Bacilus spp. (RK1) #FE0°] ©7] AESH AT (Fusarium
oxysporum f. sp. fragariae)®ll VA= G3FES HAFst7] efA LA EEA] Aol thA] Al Fet
of AA o] FAHH 51-4 A FHE FedArnFdor zAeiY HAddd AFgATES
PDA dj Aol HF3g & 25TColA 1 FAIF gt Fof #=ak3t

Al AEA ol olet Al Pl dAMH e 2|, AxETe] &, wAF S
AEAE 5 oy 7HAR YEbgth(Fig3-5-4). dwrd oz Akt os A= dae] o
Al 712 et E ol ofgh AR, AlxE 2, AEe 28, diY AY o2 AH
Hed 2 Al AREE AEAl e vgYke 3 VIAES 1T JPAAL des g9

T AT

E
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Fig.3-5-4. Irregular mycelial shapes on inhibition zone of pathogens were treated with
three antagonistic bacteria on PDA  plates (A; Inhibition of mycelial growth by
Burkholderia pyrrocinia (BS36) B; lysis of cell membrane by Bacillus amyloliquefaciens
(BS87), C; Lysis of cell wall by Bacillus amyloliquefaciens (BS87), D; mycelial swelling
by Bacilus spp. (RK1).

tlo
>
>
o
=
N
N
N
N
[\

] 9ko] oS hexane, chloroform, ethylacetate, butanol

3] WHE FEete] U A7 fU]8viES B EE3 & 3 248 S48 0
(Fig.3-5-5). &4 =4-L Fusarium oxysporum f. sp. fragariae (10" spore/ml)E 7 Z 3t
A A el paper diskE ZAEAS I F el AFsGew, 1 AR
Burkholderia pyrrocinia (BS36)$}  Bacillus amyloliquefaciens (BS87):= Ethylacetate
fraction®] Aol i, Bacilus spp. (RK1)E Ethylacetate2t BuOHeol A &Alo] &A31)
t}. 53], RK19 BuOH fraction®] 42 &7 AlegH e TAF AAES AsAw &
A AMNATIA B S4E BAT
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Eibviacetals fractcn Eikvlcetals frxtym of B Ethvlaelxeslef) and BaQH

of & ovrrosadns o R v [Aaght) fracton of Baolks 50

Fig.3-5-5. Antifungal activities of each solvents fractions from the culture filtrate of

three antagonistic bacteria.

AEZAL AlZte] W2 A AS HESI A3} Burkholderia pyrrocinia (BS36)¢t Bacilus
spp. (RKDE 170 3 74x] @A o] F-A = vl Bacillus amyloliquefaciens (BS87):= 5
do] At &Ado] A Ao &y &4

=
A7 AESHA AEH R o] FHEdS

i)

B. amyloliquefaciens= E% Fol|A o}

o
wHst R et AES Fshs obFd EAlZF flvkar dtEvh
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Table. 3-5-7. Stabhility of antifungal substance from Burkholderia pyrrocinia, Bacillus

amyloliquefaciens and Bacillus spp. with time.

Bacteria days
Burkholderia pyrrocinia (BS36) 60
Bacillus amyloliquefaciens (BS7) 4
20

Bacillus spp. (RK1)

4) Silica gel open column chromatography®} Thin layer chromatography

BS36 #F9 &1 FE NS ethyl acetate & sodium sulfate® BFA]7]2 o 33k o}
& 749t =381 silica gel column chromatography S &7] 913 A8 & A&tk 120
ml 2] silica gel (silica gel 60, MERCK)S 3x30cm column®] 531 $¢] Al&%E loading
&3 WA AZMEA RS o] &sle] §E3
oA &t &Ado] yEskt FelE W=

2 o 349 e

o] chloroform-methanol 2]
Chloroform : Methanol = 9 : 13} 8 :
THoR F 8o o R YFojA AEE3s A SAHE 3

oA &g Do) e ou R BS36olE Holx= 37] o]4e

2
Mr e &

i)
ox
o
i
_O,
i
2
i)
Y
o
fitl

g = AAH(Fig.3-5-6).

_89_



Fig.3-5-6. Inhibition zone of eight fractions on assay media plates, 1~8; fraction

number, Control; C:M=100:15.

A6 " AFu A =2 % £ 33 H1A HA2dE7H)

L APy
P vABARAL At AeldAd) v Axe ws 44

D 2 AE AP Agdre we F7AESH HA.

A E (Seoul Agricultural Materials Co., Ltd.; cocopeat : peatmoss : vermiculite : perlite
: zeolite = 68-73 : 10-14 : 6-8 : 7-10 : 2-4)° B7] Al ES5H T Fod7F5 MSH| A of A
200rpm o2 15 kst F AEo] Wdd T} log”’ EA/mZF HA HFsk] o)
EE ek ®rHRY WeE €a 4 s BS36, BS87, RK19 AFE 7+ log’,
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@ vjzokAlz =Abol= 5004 BFE ATk AT WAL gAdeAg oz A

QU =

log® log’ cfu/ms =@ Ma] Az & FE(6cmx13cm)dl] o |HES ol AAstc) =
i=]

g 12FF A YA A4 5580 YElUE HAL thSe 3
indexZ FA}&t9dt}.

(Fig.3-6-1)2. 2 disease

Disease index: 0 = no symptom, 1 = 1-2 leaf rolled and yellowed leaf, 2 = all leaf
rolled and deformed leaf, 3 = chlorosis and wilting, 4 = wilting, 5 = death. Rating of 25

days after inoculation.

Fig.3-6-1. This picture represent disease index scale (0-5) on strawberry plants. 0 =
no symptom (A), 1 = 1-2 leaf rolled and yellowed leaf (B), 2 = all leaf rolled and
deformed leaf (C), 3 = chlorosis and wilting (D), 4 = wilting (E), 5 = death (F).

7N ESH HA.

BE &7 ANESWT Fod7i+5 MSHiA oA 200rpme = 17U wigst & FEd H

A AT} log” "EA/mE HAA HFFe] o|HES WEUL. WHRY Fes o

E:]—’—

i
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27
=
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BS879]
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1k
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Disease index
rd

B=ap 8547 HE T wulsls -] ciontriod

Treatmant

Fig.3-6-2. Disease severity according to treatment concentration of five formulations
using Bacillus sp. RK1, Burkholderia pyrrocinia BS36 and Bacillus amyloliquefaciens
BS87 to Fusarium wilt of strawberry in the greenhouse. Disease index: 0 = no
symptom, 1 = 1-2 leaf rolled and yellowed leaf, 2 = all leaf rolled and deformed leaf, 3

= chlorosis and wilting, 4 = wilting, 5 = death. Rating of 55 days after inoculation.

A% MAE AP Ayl wE 2] Al

AguAE AP Ao e @] AS5H tig xECqAY 53 HA A
BE A% mAEAgAA RO By JAVE #FAYEGY =& FAERE HEATH
53] BS87 thE ARt 2 dAEAE YEYR o dFAHdAE tE AT v
ARt gt =S vER I TH(Fig.3-6-3).
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EEN drenching
3 dipping

Disease index
N
1

0 m

BS36 BS87 RK1
Treatment
Fig.3-6-3. Disease severity according to treatment method of five formulations using
Bacillus sp. RK1, Burkholderia pyrrocinia S36 and Bacillus amyloliquefaciens BS87 to
Fusarium wilt of strawberry in the greenhouse. Disease index: 0 = no symptom, 1 =
1-2 leaf rolled and yellowed leaf, 2 = all leaf rolled and deformed leaf, 3 = chlorosis

and wilting, 4 = wilting, 5 = death. Rating of 55 days after inoculation.

el AdAe S mAEdwAe] HAASs A A5 RS A

it
oo

i}, A

D AleEeyere AAg & nAEAdA M o8 A5 a3 HA

Zkzko]l Agk mAE A 1083 8 JA F BAste] 2093 709 §F o|HFE&
7 43 wAE RKI1, BS36 BS872 8 div] 83.7%, 77.8%, 77.8%<] W7}k
kA o1 copper hydroxide(77%)¢] 88.7% Tt 15 RKle] 714 =&
Agvs Jdepd e BS367 BS87> Hsxd WAl g E UERNAL T e E8&x
g &g AgEo SAEdrE AA e th(Fig.3-6-4).
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Hl B53E-85a7
I B53E

40 - B B5A Firpa)
[ HSH frypels)
. R

N Copper fydrocede
a0 EEE Corirol

Diseazed plants(%)

11725 14

Crafe

Fig.3-6-4. Control effects of five formulations using Bacillus sp. RK1. Burkholderia
pyrrocinia S36, Bacillus amyloliquefaciens BS87 to Fusarium wilt of strawberry in the

greenhouse.

o IPMS 9% 71€ @Ak €8 e WS s A

rlo

D72 AAIE oFA] 115l e Aadw A= vhEs FAFSE 23 RKI1, BS87, BS36
2 Copper hydroxide WP} Oxadixyl+copper hydroxide WPolA 5 AEsLA] Edla
RK1# BS87& Dichlofluanid WP# Flutolanil EColE A &stx Zath 71 ¢ gl <
Al M e AdnBE 25 AEste] E8&7bsdel FobH Atk (Table 3-6-1).
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Table 3-6-1. fungicide screening on the in vitro growth of antagonistic bacteria

Antagonistic bacteria

Control target Fungicide

RK1 BS8&7 BS36
Fusarium wilt Copper hydroxide WP - - -
Bud rot Dichlofluanid WP - - —(+)
Thifluzamide SC + + +
Tolclofos—-methyl WP + + +
Pencycuron SC + + +
Flutolanil EC - - +
Anthracnose Azoxystrobin SC + + +
Difenoconazole G + + +
Phytophthora rot  Dimethomorph WP + + +
Metalaxyl WP + + +
Oxadixyl+copper hydroxide WP - - -
+: very growth; —: not growth; —(+): weekly growth
A7 A AFETFETIE 2 s gy ()
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o A FES VAR AFel Al FHEAl dviE L AR ATEA @, A
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Effect of final formulated product of Bacillus amyloliquefaciens BS87 and

vkel ol A F7F FAE TR 2 16.1%, <F 88%, 5 40.3%, A F 35.4%9°]

Firel Rolel @]

BaAdA=
RK1 controllling strawberry wilt and growth characteristics of strawberry "Maehyag”

Table 3-7-1.

=
[¢)
L

o



in the field of 2004-2005 seasons

Item Leafcﬁr)lgth root length(cm) root weight(g) Plan;ccggeight
Final formulated
28.6 194 11.9 31.1
product
Control 24 17.7 7.1 20.1

Fig.3-7-1. Effect of final formulated product of Bacillus amyloliquefaciens BS87 and

RK1 controllling root growth characteristics of strawberry "Maehyag” in the field of
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2004-2005 seasons

N

HNAEAAE tsw 7P T3 2 Fo shurt Agu A Eo] kAo m o sl
A ool EA st 71 oJH-olth. o= Y3 Bacillus amyloliquefaciens BS873% RK1
S Zt7} Soy milkE H7FgE wA]E o] &3ato] 3UIE vkt &, wjFd <ol Bacillus 9

FE3E MnSO4Gmg/L, 10mg/L)E ¥ F719 AgudEo] Iz A
steAle] oARE AN E S FA Setow wEete] Bkth
WSt ‘Bacillus amyloliquefaciens W ¥l =] ol Calcium hydroxide (0.1%)E 3 7Fsk 5wl
& AF Bacillus amyloliquefaciens® 745 wil, Wigdoz AYPstE & 45 A
wgoly WA &34 <A (A. L Chiou and W. S. Wu, 2002)& <l-&3lo], & Ao A&
St Bacillus amyloliquefaciens BS87%F RK1S #j%¥& w] Calcium hydroxide (0.1%)%
7hek wiA ek HTbskAl k2 wiA Ao HF g s s st Bkt

o A3 A E dAek gl Eeed s

HA stk g B RIS
w2 2Ed 5 JuiH, AxFAo] 7husixa, ALEsty] Ha AAA AE
= v wEbA Bacillus amyloliquefaciens BS873 RK1S Jar fermenters ©]-83}9] 6L
A wjeket & E=AAZ W I Spray Dryer WH S o] &3l HE A9 L2 s

o B9kt
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42 9

o

FAlE A

Bacillus amyloliquefaciens BS873 RKl1o] ZAE oA AH3E & 2 22719 3o
Lo v 3 240 WE fles FAeuAT. MnSOE Ao =A HA EAY
AE Fedud AFe 8 H FEVEs 58 7 de RS F1E A A

Bacillus amyloliquefaciens BS873 RK1S 393F mjfst & wiked otoll Bacillus 9
ZAFAAE FE5E MnSO4(6mg/L, 10mg/L)E 2il T/ A&
stat=A19] AR5 fA3AEANAE S FHA  Stewm #Fste] B A Bacillus
amyloliquefaciens BS873% RK1 =¥ MnSO.& 10mg/LE Y1l 60&0] At Fo A=
A= AS gadd = AAJH(Fig.3-8-2, 3). A9 MnSO,Z Smg/LE 9L EoA=
1202 ool Aol APdSs #ET = JAHFig.3-8-1).

Fig.3-8-1. Phase contrast microscopic photograph of Bacillus amyloliquefaciens BS87 on

the culturing medium amended with MnSQO, 5mg/L after 120 minutes in the light-field

illumination.
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Fig.3-8-2. Phase contrast microscopic photograph of Bacillus amyloliquefaciens BS87 on
the culturing medium amended with MnSQO, 10 mg/L after 60 minutes in the light-field

illumination.

Fig.3-8-3. Phase contrast microscopic photograph of Bacillus amyloliquefaciens BS87 on
the culturing medium amended with MnSO4 10 mg/L after 60 minutes in the dark-field

illumination.

W3 Bacillus amyloliquefaciens W% A] calcium hydroxide 0.1%E H7FstH A5 &7}
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== 3 A} {Formulation of Bacillus amyloliquefaciens B190 for Control of Lily
Grey Mould(Botrytis eliptica) J. Phytopathology 151, 13-18(2003) A.L. Chiou and W. S.
Wuldl +38te] A3d8& 3% Bacillus myloliquefaciens BS87¥} RK1S kg of
calcium hydroxide (0.1%)& 373 & HF WY sEE g<lsto] 2 A3 Table 3-8-1¢]
A E= ukeh Zol E Aol ARRE 7 A ARV AAE S wYe wel= 23] calcium
hydroxide (0.1%)& H7FstAl & wiguiAlolA £ &= wigEAT. wehA
Bacillus amyloliquefaciens BS877 RK12 calcium hydroxide (0.1%)°l 2]& A do] <A

He As FAd 5 Al

Table 3-8-1. Effect of calcium hydroxide on the growth of Bacillus amyloliquefaciens

BS87 and RK1 on the shaking culture

antagonistic bacterial concentration

ftem (cfu/mL)
BS87 + Calcium hydroxide (0.19) 2.7 x 10°
BS87 control 3.8 x 10
RK1 + Calcium hydroxide (0.1%) 58 x 10°
RK1 control 6.2 x 10°

g A A

Fr

g AR AE A8 el o)

Bacillus amyloliquefaciens BS873 RK19] # A% w2 A7) 3+ A FoA= Spray
dryerg ol&st= ARG T2 WHE ol &t Zlo] #A F7o tS &IA | ATH
Spray dryer®] =& dol|l 93] Bacillus amyloliquefaciens BS873 RK19 # F &7} =9
© Ao 2 AdEvH(Table 3-8-2).

Table 3-8-2. Comparison of yield of bacterial cell using the Deep freezing dryer and

Spray dryer
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BS87 RK1
Item

(cfu/g) (cfu/g)
Freeze dring 35 x 10" 2.8 x 10"
Spray dring 6.7 x 10 3.8 x 107

A9 A A mAEAde] A (H2gE7)

1. ey
. AA WA Age) A

D AT AZE g7 Asel vA= 23
‘i FFS SAlske] 2004 109 27 BA & FAHCE Auisdiv. A vAE
AA A= 2000 1¥€ 8YHH 157Y HAS=® 33] #F A2 F 249 11¥el =24, 9%
F, AE, A, #EAA, 54 FH(SPAD, Milota Co. Ltd), BAFE AL 3
22958 59 159 71X 3-59 Ao ZAbsth AT wiAE b
Wo3dkE o g AAEgTh.  ©Hlo|H & Fisher's least significant difference test(P<0.05)E
4-3lo] analyzed using standard of variance (ANOVA)EA-S AAJsIStt. g H3t

A2 SAS(SAS Institute, Inc., Cary, NC) Z213S o] &3] A5+

2) AH dIvAEAA AT
20059l = 20040 WA EA7 =S RKIH B5S FXA7]= BS8TS &85t #A1d
& e T FEIEFCAAN M@FETE AEF

= 89 184 %H 10¢ t4 o= 33 EY #5(100ml/15
3o thZ2kA 2 copper hydroxide(77%)E
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2AUE 27)0] wEold ARH AFL Y, 202, 649, 1219, 242 Fow 2
gulgmo] dgH oz EAFL g

of

broth ¥ Aol H%E3 & 30C 180rpm shaking incubatorol A 34 7F vjdal wjokd-& o
stk control® AlFeol 22l AFgwAES] HAATFE ZS WHOE brothw] &gt
o] &3ttt PDA WA E o] &3ate] &7 NS5 plugsE TGO T 27k mj g
7} control iSRS H7] AlESH plug & Gl 10u® @

o =31 inhibition zone< #-<¢lal it}
2. A7 WE 2 Ay
7h HA mAE AP A

D A AEAA L Fe] A vA e T3}
7 )]

20059 7] 3 EFANA ZAzte] AGVYBAAL 109 A 35 BFAY F @]
[e)

o] &S AR Axp Z47e) A uyEAA Aol 2, GF, AE, A, A
A7, 424 TF 59 AR AXL Fisher's LSD(P <0.05)0 A &Aool LA veryt

EE Aol FAYEY =%k 53] BS87e ATl =A ek
(Table 3-9-1). F&FXAFelA 139 22 BS363 BS87¢] 7H F kil BS367 BS87
= 8% Ak RKIA M= A2 st vszstdlon 2spe] sk} dAlF e

H] =%k A 35 YElW v (Table 3-9-2).

Table 3-9-1. Effect of antagonistic bacteria on growth characteristics of strawberry

"Maehyag” in the 2004-2005 seasons
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Treatment g;liagrgt lérfgatfh “I;I%atl; Number Diacr?g&(]e; of Chlorophyll Fresh weight
(em) (cm) (cm) of leaves (oom) (SPAD) (g/plant)
BS36+BS87  18.7a 11.0a 5.4a 5.6a 16.6a 53.5a 22.6 ab
BS36 20.5a 11.9a 5.8a 5.7a 12.6a 52.8a 22.7 ab
BS87 21.9a 12.9a 6.1a 6.2a 12.3a 51.8a 26.0 a
RK1 18.9a 11.3a 5.2a 5.1a 11.7a 53.3a 22.2 ab
Control 18.6a 11.1a 5.3a 5.4a 12.8a H54.1a 206 b
LSDO0.05 4.834 3.112 0.989 1.144 2.575 4123 4.502
Table 3-9-2. Effect of antagonistic bacteria and marketable yield in annual strawberry

during the 2004-2005 seasons

Yield (kg/10a)

Treatment ;
early period® late period” whole season”
BS36+BS&7 571.5b 266.6b 838.1b
BS36 900.6a 407.1ab 1,307.7a
BS&7 983.9a 362.7ab 1,346.7a
RK1 539.9b 236.6b 776.5b
Control 403.7b 279.8ab 683.5b
P>F 0.0053 0.1233 0.0077
-

Number’s followed by the same letter within each column are not significantly

different according to Fisher’'s LSD (P=<0.05). P=probability values associated with the

F tests.

X Early period represents fruit harvested from the first peak bloom: harvest weeks 6 in 2004-05.
Y Jate period represents fruit harvested from the second peak bloom: harvest weeks 3 in 2004-05.

Z Whole-season period is the combined harvests from both the early and the late periods.

2) #4 Ay

[}

H

1A= AA A

Esh EFAGeNA BS36e] @] AESH gAe] LI S
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Burkholderia cepacia'= ©SlA AE¢S & 4 Avx 2 (Parke®} Gurian-Sherman,

2000) 5 o) AZvgaEAA Addeld ALlstdnt. el Q1A fAel dFol g

HA

rie

Bacillus amyloliquefaciens BSS73 RK1S HAAH o7 o] F H#& E3sle] A
© F WAEHRE AR 2000 SEAEF| A BS87¥ RK1 &A1 9] A
WFEE 32%E g2A] 2o FshA e vszgt A EE YER e 72.6%9 W

7Fe yEtWol(Table 3-9-3) % 27] A& WAL nA=AAZAM Y 7beide] =

=

)

3
o
=

it
ok o
o

2,

%2

Table 3-9-3. Control effects of formulation using Burkholderia cepacia BS36, Bacillus

amyloliquefaciens BS87 and RK1 to Fusarium wilt of strawberry in the greenhouse.

Treatment Disease severity (%) Control value
BS87+RK1 3.2a 72.6
Copper hydroxide 3.7a 68.4
Control 11.7p

3 MAERTAY] FEVIF E BREG A

A4, 2704, 6704, 12704, 2270de] A A gs AFHe Z2InAE
Table 3-9-404 XHeupel ol & W3y gtk EF figure oA B ZAAH
control7-¢} inhibition zone®] ZL7]o| A% Zpo]7h glATh

dATE w8 T ASATAY FEIIFS HA 22/0Y o]ide] E For Hol
o, 2270 A Folkm dE mAwe v B A@Eo] WEsA] ¥ Jom Kol

Frl Aol Ao EAT 5 A HAo AGHI o] Foll Ao e

Table 3-9-4. Longlasting viable and antagonistic effects of final formulated product of

Bacillus amyloliquefaciens BS87 and RK1 controllling strawberry wilt
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after after after

Item 1 month 2 month 6 month

after

12 month 22 month

after

control

antagonistic
bacteria
concentration
(cfu/g)

3.5x10" 3.3x10" 3.6x10°

inhibition
zone(mm)

3.2x10°

3.2x10°

3.4x10°
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