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Efficiency of Bioproduct from Bacillus subtilis Isolate 20W1 to Control

Alternaria brassicicola a Causal Agent of Chinese Kale Leaf Spot
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ABSTRACT

Alternaria brassicicola can cause leaf spot symptoms at every growth stages of
Chinese kale. Biological control is an alternative technique to reduce chemical usage.
However, a limiting factor for biological control is the un-survival of antagonists on
plant leaf surface. Bacillus bacteria can be a promising antagonist to A. brassicicola,
which has a special ability in producing endospores that could tolerance and grew
well in field condition. During October 2011 — September 2013, 135 isolates of Bacillus
spp. isolated from soil, manure, and planting materials, were evaluated for the ability to
inhibit growth of A. brassicicola using dual culture technique. Five isolates effectively
inhibited mycelia growth of A. brassicicola, namely 20W1 20W5 20W4 20W12 and
17G18. These isolates were then tested for the disease control in the screen house by
spraying of its cell suspension prior to the inoculation of the pathogen. We found that
all isolates could effectively reduce Chinese kale leaf spot disease to 46.77%, 52.81%,
59.99%, 60.45% and 71.31% respectively compared to 73.79% of the disease in non-
antagonist spraying treatment. Field trial at Ta Maka District, Kanchanaburi province
also showed results as similar as in screening house experiment. Those 5 isolates of

Bacillus spp. were formulated into powder formulation and tested again at the same
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field. The results showed that all isolates
could significantly control the disease
better than a non-antagonist spraying
treatment. Isolate of B. subtilis 20WA1
was the most effective antagonist which
reduced the disease to 32.88%. Efficacy
trial of the 20W1 isolate at 20-30 g/20 L
of water showed the disease control at
the same level as using mancozeb 80%
WP at 40 g/20 L of water and significantly
controlled the disease when applied at
40-50 g/20 L of water. In conclusion,
B. subtilis 20W1 is a new potential
isolate which can be developed to the

bio-fungicide for a commercial scale.
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wiuAvlazeeiiy aan1siAatuRduLd
anwuziduunayaidn ¢ Jwfae dnwuuy
T warfnly wwaszapelnadunazwie
Wuddimadadedn unaildnwusiduag
Apudonan Seedouiuiiudu 7 aUpipev
Foawsounsldiu an 91 uwae &as
aywd uasfaluivedesiianuasld Tsaly
qaAztimuszuIaNnlugaWy vieanwiid
mm%uga Wifina, 2552) lsafiarnnsn
wniszunaldagesinigy Manudeniese
wawdn Anlinaninanasniolidaunin
wneasnsindanidansiailun1stiesiuinda
Femianansznuanmsldasadisonain

aa

natlaviufvTalsanslasdiis Faiiunig

Wanuilvlun1saamsifasiadl wazdnison
IlFiuagsunsvay  Tuaeyssinainng
wandrduddinireluiBondiyd 1Hu
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technique (Morton and Stroube, 1955) mf:
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8 N3INIBAD BRI o Fawount B. subtilis

20WH1 RIZEIAN Y

A583BN 1 9m91 20 n/1N 20 A.
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ﬁuﬁTULLazﬁﬂuTuwgﬂmmﬂ Audauiu
WeosiEufdsuifsuiuRudilunasfuly
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1. AnaATWwae Bacillus spp. Tunstiudie
e A. brassicicola TuvipeUiiinns

WNANIINAEDY WUI1 Huuaiise
Bacillus spp. 37 90 lalmanain 135
Toloan Aswnsodudodios A brassicicola
Uup ™3 PDA l¥uacfiies 5 loloian #id
ﬂi:ﬁw%mwgaqﬁﬂumiﬁuﬁgan'ma%aﬂm
Wulewdosn A brassicicola ldud 20wW4
20W1 20W5 20W12 uaz 17G18 lasdien
1wABAINNTNTBY Inhibition zone Ny
1.68 160 158 146 uwar 1.36 ©WN. AN

[y

816U (Table 1)

2. UseAnBnnaae Bacillus spp. WS
awaalsalugaasiih Tulsedaunnaas
NANTIANAULILANSNWIDY  Bacillus
spp. unsauaulsalugaaztilulsaseu
naaey WU Aedsofidudaanuguuse

pslsanasdanudiulolaian 20W1 20W5

Table 1 The efficacy of 5 Bacillus spp.
isolates to inhibit the mycelial growth of
Alternaria brassicicola, a causal pathogen

of chinese kale leaf spot

Bacillus spp. Average of Inhibition

isolates zone (cm)’
20W4 1.68
20W1 1.60
20W5 1.58
20W12 1.46
17G18 1.36

' Average of 10 replications

20W4 20W12 uaz 17G18 whiy 46.77
52.81 59.99 60.45 WAz 71.31 AINAAL
puziinssismunuiaedseidudans

':;uLL'iwaﬂsﬂwhﬁ’u 73.79 Bacillus spp.

¥
o

W 5 lolgan awsnaanisialsald 1ile
Wasuifieuiunssndsaladnmawudie  Bacillus
spp. lawlalsian 20w1 fisz&nsnmgean

Tun1sannsifialse (Table 2)

3. Yszansnawwad cell suspension
wuafi3e Bacillus spp. Tunsalunwlsn
Tugaaztiluuasign

YIRIN1INAEDLU 3 U WUIN Bacillus
spp. lolzan 20w1 fusz@vBamaiigalu
n3nuaalsn laefideisnnngunsses
Tsafngauiniy 2.70% soeasanléinn 20w4
2.91%) uacldfinnuuandn 3nnssudsa
Wuiie mancozeb FeilAlafnAaNguLs

28913AiNTU 1.40% (Table 3) sl
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Table 2 Percentage of leaf area infected
by Alternaria brassicicola at 21 days
after application with cell suspension of

5 selected Bacillus spp. isolates in

screen house

Bacillus spp. Average Infected

isolates leaf area (%) "
20W1 46.77
20W5 52.81
20W4 59.99
20W12 60.45
17G18 71.31
Control ( + )? 73.79

Vo Average of 20 replications

2/

= apply with spore suspenstion of Alternaria

brassicola

Tolzan 20w12 fannguusepalsnwiiy
6.44% lawite 3 lolzan fiaaguusennd
Tsadinningsadsalidnisnwudoe  Bacillus
spp. (13.36%) peANBAAL
AAINIINAFDY 5 W WU AN
quussraslsauuaztaouly Taonssadsi
viushalalgian 20w4 fluse@ndawlunig
ETuf?aﬂaﬁu'guLLiamaoIiﬂlﬁgaqm Tainansing
9NN35835AvuGI8 mancozeb IB9AINT
Téur Toloian 20W1 Fefidnanaguussey
Tsawinfiu 2.79 623 uaz 1.90% MNAGU
WATWANAI9AINNTINATALN TN TWuEe
Bacillus spp. (21.68%) (Table 3)
NAININAEDY 7 U wud1 nITwas

finudnlalsian 20w4 fiszAnSnwgean

Table 3 Efficacy of cell suspension of 5 Bacillus spp isolates on inhibition of Chinese

kale leaf spot disease severity at 3 5 and 7 days after application at farmer‘s farm in

Kanchanaburi province during 2013

Infected leaf area (%)

Bacillus spp. isolates

3 DAI* 5 DAI* 7 DAI*
20W4 2.91 279 a 123 a
20W12 6.44 10.38 cb 12.86
20WA1 2.70 6.23 ba 8.72 cb
17G18 10.82 15.24 dc 14.02
20W5 12.70 14.60 dc 13.93
mancozeb 80% WP 1.40 190 a 2.42 ba
Control (-) 0.00 012 a 014 a
Control (+) 13.36 2168 d 2350 d
CV (%) 68.33 50.73 40.60

1/ . .
— Days after inoculation

Z Means in the same column, followed by a common letter are not significantly different at 5% level by DMRT

control (-) = with water
control (+) = apply with Alternaria brassicola

10
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Tunsfudensiinlsn Taswuauguuss
paslaniies 1.23% vnurfingsadsiivusqe
mancozeb fiAnguuIvnaslIaLinfy
2.42% Taeynlelsian Adadswasifud
ANguLsITadlsafnIngsHABilsifinn sy
Bacillus spp. @9fidnadsiasifudainy

Juusszaslsaiiy 2350 (Table 3)

4. YscansSawueedinun Bacillus spp.
gaske Tundasgn

wasnInasey 7 Ju n3INiEidnng
WU Bacillus spp. 1/10 5 lalgian Nﬂ’]Laﬁﬂ
Lﬂﬂ%t%uﬁmm‘a;ummaﬂmﬁﬂﬂdﬂﬂﬁﬁ%‘ﬁ
ladfinnswy  Bacillus spp. peefitiudndny
(Table 4) MIwWuE Bacillus spp. lalslan
20W1 20W5 17G18 uar 20W4 ﬁﬁ’]LQ’SB
wWasidudanuguusszaslsauiniy 41.26
4355 43.88 WAL 4852 MINAL F9An
n33N357kifinsWueas Bacillus spp. BE9
fdpdduneadd laslaloian 20w1 &

3

Uszindnmgegalunisaiuanlsalugansii

Y

s1a1snaanisiialsaldivinty 32.88% il

w3y ununssNASnlidn1snud i

g0 Bacillus spp.

5. MSUUNBUAVDY Bacillus spp. #28
Ao ﬁ’u%@gﬂ API® strip range
Bacillus spp. laloian 20W5
20W12 20W4 uas 20W1 @Aa B. subtilis
swleloian 17G18 @e B. licheniformis

(Figure 1) Fadualdnile AlFSun15TU

Table 4 Efficacy of wettable powder
suspension of 5 Bacillus spp isolates on
inhibition of Chinese kale leaf spot
disease severity at 7 days after application
at farmer's farm in Kanchanaburi province
during 2013

Bacillus spp. Infected leaf

isolates area (%)
20WH1 4126 c
20W5 4355 ¢
17G18 43.88 c
20W4 4852 ¢
20w12 61.70 d
mancozeb 80% WP 2337 b
Control (-) 0.00 a
Control (+) 79.70 e
V (%) 11.21

control (-) = apply with water

control (+) = apply with Alternaria brassicola

Mean in the column, followed by a common
letter are not significantly different at 5% by
DMRT

neidpulustlszma T3 wminenailaiu
Adalsany Ui
6. BRIN3TTUUN B. subtilis lalsian

20W1 gaswd Tundasian

Figure 1 The colonies of Bacillus subtilis

20W1, on Potato Sucrose Agar medium
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mawushetsouT B subtilis lolzian
20W1 v;nﬁmwﬁmmaau §1071308AN1TLAA
laaldl msldFinmignane §an 20 uay
30 n/91 20 & Wiwasifisuwiafunisny
fE&15 mancozeb 80% WP mslddseusd
§A31 40 uaz 50 n/t 20 @ (Table 5)
Tiwadfigadn fnsiialsalugaiios 1.88
was 0.91% usfimanudIBa1s mancozeb
80% WP #m31 40 n/fn 20 & wumM3Lhn

Tsa 7.29%

Table 5 Percentage of leaf area infected
by Alternaria  brassicicola at 7 days
after application with various doses of
wettable powder suspension of Bacillus
subtilis (20W1), at farmer‘s farm in

Kanchanaburi province during 2013

Bacillus subtilis 20W1

Infected leaf
wettable powder

(g./20 | of water) area (%)
20 779 b
30 576 b
40 1.88 a
50 091 a
60 585 b
mancozeb 40 g. 729 b
Control (-) 040 a
Control (+) 2400 c
CV (%) 36.92

Mean in the column, followed by a common
letter are not significantly different at 5% level
by DMRT

12

PNNANMTNARDY  ILLFUIININARBY
UseBnS3nmvee Bacillus spp. 5 LBMBLAN
Taumawuge cell suspension 1 lelzian
fifhscansnmgega Ae 20w4 usiilatinito
5 lolgan sanimundudaiudgaans woh
lalgian 20wt fuszdndangegalunis

AuANlIAlLYA

#3UNANIITNARDY

Lentiouasdalaonuuaiiie
Bacillus spp. Tidnanmiudenisasyes
031 A brassicola \iipvnmanaaeudig
watla Dual culture lidmRan 5 lalgian
inlunesaunisaugalsalugaluudaslgn
Azl uunaiauey Bacillus wuidn Hu
#fln B. subtilis 4 4 lalsian Bt
afiavdu B, amyloliquitaciens B. subtilis
Tolzian 20wW1 ﬁwﬁmﬂw‘f‘nﬁmcﬁgmm b
T%muquim’[mmmﬁwmm@mm%mw

£

A. brassicicola 8 31350aan15LAALIALE
Wiy 32.88% iawSuuifiuiunssnisd
1dfinsnu B. subtilis lapdnsin1sld
Fuur Bacillus 20W1 gassiiyanzasie

40-50 N/ 20 @&

ATUAM
POVDUWIEAM 5. AIFD YANANA
& 1 A o = v A @
Hustegeiilddndine nasaaudedaiv

A 9 Tumsdfiunimaandl

1138193719 EAT T 35 AUl 1 wnsIAN - WEBY 2560



LONA15D19D9

a

aigian laBadans, Sl §Aiusfnesd,
DINTIOU NAYAIT WAz @ uFUEn

q & 9

2

2548, M3lH%e Bacillus spp. u
namuaslsAfieImesds. wih 90-105.
lu: T8 MNaIUITSBIGAN 2548,
fnindpwUININThINY  NINIT
MINHAT.

ysTdN gendnA war aipfun TaBawiana.
2550. NsARLRBNA1BRUSUUATILSY
ngw Bacillus spp. fifdnenmluns
fufadasngy Fusarium avgla
WienlunsidamAlazuadni. 1t
210-211. Tu: nisvszynizinis
DRI, (Undate) ased
8, 20-22 WOAINEY 2550 4 LS9
Sduniagu . Wes 4. Awalan,

ysTdN gendnA uar aip§an TaBawiana.
2553. maRaUuuuNARTuEY
laaue5 Bacillus subtilis AILANLIA
\Wieveede. w988 -1005. [u:
I IUNAVIUITYY T 2553
8N BWRIUINITNTNYINY NN
I NITNBAT.

WINLAYS 83uu1se, wsad dawrilwd, 3a
ATFUSUL LAY ANAR AFDINST.
2544, UszRndaiwvevdarfuad
Bacillus subtilis Tun1sriuaulsany
luwitszeedng. 19193 msineas
19(1) : 4-12.

wiina olawian. 2552, Tsaluganii
93-94. [u: giialspdn. §11in3dy
WAIINITDNTNIWY NINIBINILNEAT.

135udla Buny §ziey winadng
WardI1nTal gndan. 2548. N3

muaulsalugaALinEINA9NLED T

Alternaria  brassicicola $28%235
frgdunidufilng. wiih 123-130.
Tu:  nrsvseyun1vizinisza
ANINEIRBNBATAIEAS AT 40
NANBAIANEAT

aNIsM YiAUAY uar NUTUNT LNRDU.
2539. ni1sAns1AuITuiEwe
Friunvszinnuuafiliie  Bacillus
subtilis §18Wuj AP-01 uar B.
subtilis AP-04 &1%5uiaenui19n
lsafinlunylivdng. v 99-104. Tu
MIYIEYNNNIDINTVDINN T INEAE
NBASAIEAT. AR 34 WINEEE
INHATAIEAS 30 NNIIAN - 1
NNAWUS 2539 NN,
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