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Isolation and Identification of Antagonistic Microorganisms
for Biological Control to Major Diseases of Apple Tree
(Malus domestica Borkh)

Park Heung-Sub™ - Cho Jung-II™"

Dept. of Horticulture”, Institute of Biotechnology,”™
Chonnam Nat'l Univ., Kwangju 500-757, Korea

SUMMARY

For the purpose of acquiring microbial agents that can be utilized to biologically
control the major airborne diseases to apple trees, such as canker(Botryosphaeria
dothidea), bitter rot(Glomerella cingulata), alternaria leaf spot(Alternaria mali), root
rot(Rosellinia necatrix), canker(Valsa ceratosperma) and gray mold rot(Botrytis
cinerea), the effective microorgaisms were isolated, tested for antagonistic activity
to the pathogens causing major diseases to apple trees and identifed. Screening of
more than 5,000 species of microorganisms collected in nature for them antagonistic
action to the pathogens causing 5 major diseases to apple trees resulted in
selection of effective species. Out of the 11 species, one species designated as
CAPI134 demonstrated outstanding activity. The bacterial strain, CAP134 exerted
antagonistic efficiency of 57% on an isolated strain and 40% on a donated strain of
Botryosphaeria dothidea., 52% on an isolated strain and 46% on a purchased strain
of Alternaria mali, 60% on Valsa ceratosperma 25% on Glomerella cingulata, and
64% Rosellinia necatrix. The CAP134 was identified as a bacterial strain to
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Bacillus subtilis ATCC 6633 based on morphology, culture conditions, and physio-

biochemical characteristics.

Key words : antagonistic microorganisms, biological control, apple tree, Malus
domestica Borkh, apple pathogens.
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ATE AQAZRY ¥ 2 FANC], FF FEUIMEL o8] A5 ¥ 4
e FEe, AT % nEFA ARV V242 2H BEnA AR

II. #g 2 Ak

1. XNHAZRE D|YEL| 22

o AE Y A9 2 334 EYY AEZEEH 5~20cm EYE AFHd 34
W2 EdYnyde ojgsled 9y FHE Rt £ AlY WA o
Agdg syl Aste Wl AeA ¥ ARG fH JdozRE nYEL B
gatgch. fEAE EAPy¥e AHAY A8E tris-Cl buffer solution(pH 7.5) 100ml
o ¥u AGuidE 108 A= AT F gAY Eolde nAEL YA F(0.85%
NaChE A ste] o %3HH vl A [nutrient agar(NA) plates]ol 828l wr¥z xas}
#Aeh. NA platest 30T &&ui9%7](incubator SW-90D)ol Al 24~36417F R E vjgst F
T E Tt Aldu Ao B@sdr. Edd vIAES JUTHuR| o] HEs T u)
¥t DA colonyE FAHAA HATHe AYyY HdFo] ALEstg

2. Alzt SR0I4ES 22 ¥ ¥

Aol 8 AR B PR MeWEAY), S, AR Gy
W), AR (RS L Y SoERY WATe vasy) slate AgAte 3
Hebse FAo @ gAdHA o

8 At Fol A GoT AEHE AT
A3 FAYEZ kg s He i
Y (NASTI ; National Agricultural Science and Technology Institute) ¥ o4 (HI
* Horticultural Crop Institute of Research and Development)2 HE AlfH a7 g ¥4
ol B Ay AdoA e Hedd vln ¢ AR

BATEE FEd7] fdto A" #ukg 20T, AdissE 90% o)Aty 285 A oA
347 FAHAAEYE o|HFEZFE 70% ethanol Z 5% sodium hypochlorite(NaOC)2 A ¥
AMdFEa Hedd A9 &u)x|[potato dextrose agar(PDA) medium + streptomycine 200
#l/ml, pH 30]o ¥Wwz2& &8 F3 256C F2uigrolA 2~393 wigsle] #3F
(colony)& FABAA AFH HegHd, @exq¥a € M7y J9u8F 58 23y
HAdg AALS REad 7 ZATHuA(PDA)ANA wlgate BALRE PAAD F,
RGNS AtFFHA D AR Y R Y FAsAT
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3. AEo|yE ME ¥ 53

PDA #Huwx] FYo] HLFL HF3te] 25C W) widrlolA 2427 A= wi g
3 F O FHo Y #FE FEo HFs 25T W 2ol 79 A= vt
A Al A A o (inhibition zone)& VA sE TFE ZFgTo=2 Awsidd. PDA Fia)A
oA HYFE 7A3F At HA 2t A AT FZE(colony)d) ABE A
o FAg7re vusty] YFAANEE WEELE Jeido] A E vuddrh. 2E8H
AEL HAA AMNTFY BZo] £ PDA v E o] 839 1, incubator]®] wlYEE
G 25C AER FBol9 AP Y3 2= wjFste] BAA AGTY WS A
T3 gAZANA HAdFol @ o] L% AT dFE FHuTH

2gu| Yo FHL AP AFouisiA AFgHe] ¢4 CAPIME FH37] A3
o, Bergey's mannual of systematic bacteriology’, Microbiological method®, The
procaryotes” 59 uiel o3te] ngE] FeH A, wiFH 54 2 A 43y
A & HAEI}HTY. FA WR2FFEAM Bacillus subtilist= ATCC 66338 American
Type Culture Collection (ATCC)(Rockville, Maryland, USA)el A #%Futettt.

1) dejsd £M

Doetch®8'%0] 2Ja}A Gram ¥4 2 S BAsFD, BB AEREY 2 £54
2 Grayd s @3 <gdol=yeor st vAE9 ¥+ malachite green2 2 ¢ A3}
o WAEAHAM S5 YA @nA L o] &ste AT

2) vl ME

AR (CM ; complate medium)¥z oA z+ &£54d #9 AL #&H3, YDCH
Ao #F& HE3Y colonye WM& BEA3ATE T3k KBuIA Y kanamycin, tetracycine
9 chioramphenicol $-& #7lete] BB A g AFAHd L HaAs At

3) 42|y H4F

Oxidase test, gelatin 7F=28, starch hydrolysis, arginin dihydrolase, urease, Tween
80 hydrolysis, catechol ortho cleavage, PHB accumulation, ¥ 28, sucrose® +F

levan® 4 H @29 A3 5& RASAS
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1. ANHAZRE DjY&g 2=

FE AYNYRL AAAZRH Belaty] 95l ARAAANN £HY AnE YD
gol sk gol Aejstel BARZE 50004%F LA Leld mAge JFePuA
o HES #EL YU F PR AsRA JAFTH) A Y] Agstan

2. Al HEDME el ¥ 7

AGAwe F8 ARG g ABE Zdge] Htdwds dx gAsEA #A
2 FAER Wukg A Al Fa g FFEHASHEAY), g4, FFY
GAH@IAGEN), AFHE(ETY), Fad € AdIdo|y T HAFE £
At <E 1>

Table 1. List of pathogens isolated from infected apple trees.

Pathogens Korean name Common name Source
Botryosphaeria dothidea Var.| A5+ #&¥WH | canker, die-back this study
Botryosphaeria dothidea AFY A& | canker, die-back NASTI, HI™"
Glomerella cingulata Rk Eiy bitter rot, anathracnose | this study
Alternaria mali Var. ARG F | alternaria leaf spot this study
Alternaria mali ARG FEF | alternaria leaf spot NASTI
Rosellinia necatrix g FE¥E | root rot NASTI
Valsa ceratosperma By canker NASTTI, HI”
Botrytis cinerea A Egoly gray mold rot HI™

NASTY" : National Agricultural Science and Technology Institute
HI' : Horticultural Crop Institute of Research and Development

3. ¥ Alnjdshol ciet AztolMEel Mat

A 4Ty Al AAGAE FHoR Edolyd YA R nAE 50004 F
Zhedl F8 A AT i AP AT A § 29 2o
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Table 2. Zone of inhibition*(%) of the each antagonists against various apple pathogens
on PDA media for 7 days at 28%C.

.Icsrg(l)zgi?sms CAP|CAP|CAP |CAP|CAP|CAP|CAP|CAP|CAP|CAP|CAP

Pathogens 130 | 131|132 | 133 | 134 | 135 | 135 | 137 | 138 | 139 | 140
B.dothidea Var. 20 |35 | 15|31 |57 13031 |39]48]37]45
B.dothidea 30 |31 [ 24 32402 |2 |30 2 | 2930
Amali Var. 122112726 52131 20|41 | 343122
Amali 24 |28 1152946 23183435 ]18] 34

V. ceratosperma 13127 140 1 30 { 60{ 41 | 14 | 40 | 49 | 27 | 45
G.cingulata 29 (2326 2112515111921 ]10] 21
R.necatrix 1929 [ 22119164 13422387 44|54/ 59

T

Zone of inhibition"(%) = X 100

NT : colony diameter of no treatment(mm), T colony diameter of treatment(mm).

#E 20 B ule} o] CAPL34% At# weddol didt A X&) B dothidea Varol
57%, B. dothidea®l 40%, A. mali Var.ol 52%, A. maliol 46%, V. ceratosperma®
60%, G. cingulata® 25% 2 R.necatrix9l 64% 2 LlEl T, CP134: ¥ Ao £
g Abdito] sl Aol b S vAER o2 vEyth 53], CP134e
E9H3 Lyl oiste] Aagol ¢4 Aoz vewrh AEVe AFun 2o

€ Pseudomonas spp, Enterobacter spp, Promicromonospora spp 59 Bl EL o

o

fate] AESH oz HAZAY, B \_—Foﬂ/ﬂL ol% M WE Bacillus AFNA
AYEe Bt 29 13 25 2¥Hol $5% CAPIME FAskel A3
We A 24K 02 HAH Aot

Fig. 1 . Inhibition effects of antifungal bacteria CAP 134 against apple pathogens on PDA
plate for 7 days at 28°C. A, B and C represent Valsa ceratosperma, Alternaria
mali and Alternaria mali Var.
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Fig. 2 . Inhibition effects of antifungal bacteria CAP 134 against apple pathogens on PDA
plates for 7 days at 28°C. D, E, F and G represent Botryosphaeria dothidea,
Botryosphaeria dothidea Var., Glomerella cingulata and Glomerella cingulata Var.

4. ez 4

At Aol disiA HEgHol st 4% FFA CAP 134& A7 st vA
B ¥uy 4, vy 54 2 Yy 4d & FES ZA= ¥ 3 4% 22
o, Agn| A Ee TAHEL AANF A Bacillus subtilis® &= A}

Bacillus subtilis CAP 1342 2Fzte] 54 E 2t 3714 9 714 diddez 4T

o} 2Tl M B&3A] i EAE A st Gram FATo2A gy 431539 starch
T35 AN, catalase?t FA, citratew %4, nitrate reduction2 %4, indole @AM
Sl Methyl red #58-2 24, VP¥H$& ok velwon H.SAA 2 K/AH
I % Balse EEY xylose, mannitol arabinoseZ} ¥A o2 veyth B JT7oM B
23 #F¢ v ® FF2 Bacillus subtilis ATCC 66335 ¥ HES A3 s, A
g3 H A 5o A FAdTd FAogE HAo

olz]3t HAIE Ed £ Bergey's manual of systematic bacteriology, microbiological
method | 71e® &F 7150 ge} CAP 134 ¥ Bacillus subtilis =i I f9a+
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Table 3. Characteristics of antifungal bacteria CAP 134

Characteristics

Strain

Bacillus subtilis ATCC
6633

CAP 134

Cell diameter > 1.0Lm

Spores round

Endospore

Gram stain

Form

rod

rod

Sporangium swollen

d(+/-)

Parasporal crystals

Catalase

Voges-Proskauer test

pH in V-P broth
<6
> 7

d(+/-)

d(+/-)

Acis from
p—Glucose
L-Arabinose
p~Xylose
p—~Mannitol

+ o+ o+ o+

+ o+ o+ o+

Gas from glucose

Hydrolysis of
Casein
Gelatin
Starch

Symbols : -, 90% or more are negative ; +, 9% or more are positive ; d, 11~89% are positive
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Strain
Characteristics

Bacillus subtilis
ATCC 6633

CAP 134

Utilization of
Citrate
Propionate

Degradation of tyrosine

Deamination of
phenylalanine

Egg-yolk lecithinase

d(+/-)

Formation of
Indole
Dihydroxyacetone

ND

NaCl and KCl! required

Allantoin or urate required

Growth at pH
6.8, nutrient broth
5.7

Growth in NaCl
2%
5%
7%
10%

ND

d(+/-)
ND

Growth at

5T
10C
30C
40°C
50C
55T
65T

o+ Q)

s o+ 4+ oo

[

Growth with
lysozyme present

d

Symbols : -, 90% or more are negative ; +, 90% or more are positive ; d, 11~89% are positive ; ND, no

data available.
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V. # =

At R A At e FFE AEY, gAY, JAFH J9d, @ FHE 2 53y
5 T8 TVNAEA e g HgvAES 2V IHG}@ AAAZEE FEUBES
Festn Ay Hdded g A3 A4 g A Ade ded 2
AAAZREE 4L 500049 F 9 v A °ﬂi F8 *}JJH%-‘?— Hdd 55 distq 4
o] $4% MAES 12AHoZ 11F AP o, olFdA 71 AEgo] Hojd 7
Z2 o8 CAP 1342 H2sith. CAP 1345 2 2o 23 AFUHS
Ho] dislAE 57%, S4EE Hddd usiMe 0% 288 S By Eg, B A
g % *‘?‘4‘#‘5%‘ o WM e 52%, FELS FEEGAH dsiE 46%<
AgAHo] e, FTFHL 60%, G 25%, 22ln AT P 64%<]
L AAJAHE Bl 4ol 43 CAP 1349 Hejd HA, wgy 54 € A
g A3eA Az 58 ZAEY vlm gEF A Bacillus subtilis ATCC 66333 &AF
o Foz FAHHAG

rz: °lN°

a3
o
=

Fao] @ AT, WAFE, Bacillus subtilis, 2301 YE &2 7%
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