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Development of New Isolate of Bacillus subtilis to Control

Alternaria brassicicola , a Causal Agent of Chinese Kale Leaf Spot
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ABSTRACT

Chinese kale leaf spot, causes by Alternaria brassicicola, has been one of important
diseases of chinese kale causing damage at every growth stage in all production areas and brought
about more fungicides use to control the disease. Biological control is an alternative consideration
to reduce chemical usage. However, a limiting factor for biological control is the un-survival of
antagonists on plant leaf surface. Promising antagonists may be the bacteria in Bacillus group 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 and 5 isolates found to highly inhibit mycelia growth of A. brassicicola were
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 the similar
results. Those 5 isolates of Bacillus spp., then, were formulated into powder formulation and
brought back to test at the same field. The results showed that all isolates could significantly control
the disease better than a non-antagonist spraying treatment. B. subtilis 20W1 was the most effective
one which could reduce the disease to 32.88%. Efficacy trial of the 20W1 isolate at 20-30 grams/20
liters of water showed the disease control at the same level as using mancozeb 80% WP at 40
grams/20 liters of water and significantly control the disease when applied at 40-50 grams/20 liters
of water. In conclusion, B. subtilis 20W1 is a new isolate that showed high potential to develop to

be bio-fungicide to use in farmers’ field and upgrade to a commercial scale.
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3 (Y] d
PMINARIN 4 NAaeUUIZANTMNUBITINUN Bacillus spp. gaswa lunilasilgn

9y
MINLUNUMINAADL : INUHUNITNAADILUL RCB U 8 NTTUIT 4 G]ﬂ‘iJ‘i%ﬂ’f)‘Uﬁ”JﬁJ

an A 1 kY = v 4
NITUITN 1 WUAWBINUNGTATNI Bacillus spp. ulfJIGIiLﬁWl 20W1
! g a
99131 40 NTUADUI 20 ANT
A A ] 9 = [ 4
NTTNITN 2 WUAWFINUNYATHI Bacillus spp. loTaan 20w4
! ?‘:’ a
99131 40 NINADUT 20 AT
A A ] 9 = [ I
NITNITN 3 WUAYBINUNTATHI Bacillus spp. hlE)IGBLa‘VI 20W5
! g a
99131 40 NTNADUT 20 AT
A A [ 9 = @ 4
NITNITN 4 WUAWBINUNTATHI Bacillus spp. ulaicma‘w 17G18
! %’ a
99131 40 NINADUT 20 ARSI
an A 1 9 = [ 14
NITNITN 5 WUAWBINUNGATHI Bacillus spp. LI’EJT“]S!@‘V] 20W12

) a
A9 40 NTUADUT 20 AAT
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H 1 o 1Y) 1 g a
A35U33N 6 WUAIAT mancozeb 80% WP 9051 40 NSUADUT 20 AAT
H [ %’ 1
N350335 7 Wuderiuilal (Control -)

Aasy ]

N35UITN 8 WURY 4. brassicicola (Control +)

an

FAUUUNSG:

M3 ONFINUIN Bacillus spp. FATH

dy dy A A . A oA <3 ]
- [DOUFOUUANITY Bacillus spp. 10115 PSB UUIAT09UEINANSITOU 200 50UAD
I < 4 ) a o a
Wi Huna 72 ¥ 739 ilensy 72 $2Tueudd AN Methyl cellulose 2.5 % @31 1:1 a3 11 1Ay
9 2 [
ANTaAY (Talcum) a9 11/ 4 1M1v091310501%151889%0 Bacillus spp. nwsenld auliwinuy

o % ) ] a 1] ) <3
W lralunsy sunsenamauilandaaiin sz 2 dlanh) shwvaldazidea Hivluvie

A

F) a a 1 a o 1 .
utazganardan aithn nelingaungiides e luldmadou ae'lll (Figure2)
MINATDY :
= = a oa 1 = [ d' o a d’
MawIsunsuazulainaas YUAWALINUNITNAG0IN 3 AUHUNITNAADIN
] ] @ 4 % [ ] 1 %’ a
9.9WEM 1.MYIUYT TA8INFINUN Bacillus spp. §ATHI aza 1911 6731 40 NTUADUI 20 AT
' v Yy A A v, ¥ A o @ . ' A .
NWuasuuduazThnwson'13 2 aselaenud sl Bacillus spp. NOU MINWYOIT A. brassicicola
2 U HATVAIMTNY A. brassicicola 2 TU WUAIIDINUSUADAAN
=" 9 =4 a dy d‘ 9 d’ o =}
mMstunnteya AJunnanuguusvedlsa Tasdsaununluuazdungninatenlssunou
o A A y & Y o o g sl vy Y o vy 3
Aununlunazdunivue vanhuannailesisud lasguauazindiuiu 25 au/m

v

1A o [ | v (%
a32991ugh 2 WuanTaudu 1w 4 ludu asrudai 3 5 uaz 7 Sundimsnaden

G

Y [ Y (Y] J
MINABDIN 5 NATeUIANTIMINZANVEITINUN B. subrilis Tolwtan 20W1 gask 1u

uilasilgn

Y
o U

Y
MIINUHUNTNARDL: VNUNUNITNAADUILY RCB 4 8 N354T 4 41 A9

= A o 4

9
NITUISN 1 TINUN B. subtilis AT BA131 20 NTU/UT 20 aAT

@ 4

H Y
2 FINUN B. subtilis AT 9715130 NTN/UT 20 AN

§
D

NITU

an

N3N

=]

@ 4

Y
ANUN B. subtilis FATHI D931 40 AFNAN 20 ang

20

3

=
=)

'
{ @ 4

4
4 FINUN B. subtilis AT BA131 50 NTU/UT 20 aAT

an

=
=)

N334

=S [ 4

H a
5 BINUN B. subtilis FATHI 89131 60 NTN/UT 20 AN

=
=)

Q
an
NITU
an A Y ¥ o w A v [ %’ a
NITUITN 6 a13deanumanlsany mancozeb 80% WP 88131 40 NTN/U1 20 aRT

an

v f &/
N354I5N 7 Control (+) WU LB 4. brassicicola

an

H 1 Eol ]
A3513759 8 Control (-) Wi wlan
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an

FAUUUNS:

G =
m3amssunyuazulaanadoy:

~ 9 A T a o =) ' v
-wsguutlasilgnazii 71 9. M1 1.mMyINIs U 16 wilas Tagivuauas miny
Y an s A ¥ v @ o ' N 4
1.50x30mas  UgnazihlaeiTreeaman Woaziieyld 60 u imsvuasazaredinua
B. subtilis ToTytan 20W1 803516199 aunssuds leeldaslfiamuReinunminaaoed 4

v X 9 v K a &' A Y A [ =
NITUUNNVBIA: Uuﬂﬂﬂ’ﬂuEul!Nﬂl@iIiﬂ Tﬂaﬂﬁzmuwuﬂmamu‘ngﬂmmmﬂ%umau

o A A vy ¥ Y o o S ¢ @ oy Y o y 2
AUNUATULAAUNI LA umum1mu71muJunJaﬁmu@ﬂﬂaqwuﬂzmmmu 25 AU/H1

v

A 9 o 9 2 A [ @
a37991ugn 2 dunnTauau 1uou 4 Tudu asirusan 7 Jumaimsnadon

G
v

¥ o YA Jd .
M3 munallsa Bacillus :

[

adundvgasasundsozl API “ strip range technique
(u,wa'a“ﬁm: https://hal.archives-ouvertes.fi/hal-00891240/document)
nawazaai
Fudy AAAN 2554 §u§fﬂ AUBIIU 2556

Y] [

anuidutiumMInaaes nguIde 1sany dninIvewaINITe1 NI uaz

=

ulaunyaTng 0. MuzM tag 0.M1NN 1.MYIUYI

a

a J
HaN1INAa9LASIVIIU

1. NATOUFNENINYDY Bacillus spp. Tumsdudutos A. brassicicola Tutiosliiams

HAMSNATOUANIATNVDL Bacillus spp. 91U 135 lo Twian wu luuaiise Bacillus spp.

[ v 9 v
91U 90 o Taan Neu1508V6U¥051 4. brassicicola UHD115 PDA lawdl 5 1o Tyaniil
v A

Usz@nSnmgegalumsdudimsnsapduleovousost 4. brassicicola AN 20W4 20W1 20W5
20W12 tag 17G18 Iaglin1magn11un319ve4 nhibiton zone WAV 1.68 1.60 1.58 1.46 LAy

a o W = o g}/ 9 dy .. 9
1.36 uamas adny TagleTwan 17G18 Nsnemunlumsdvsadulodesn 4. brassicicola 1A
99 (Tablel)
2. NaaeuUszANEMNVOS Bacillus spp. 5 Tolwan lumsaivanlsaluganzin lulsuseu
NAaB9

HaMsnadeUlsz@NENINVes  Bacillus spp. lumsnaugu TsaluganzilulsaSeu

1 g’; a 9 d' = [ as
NAABY WU Bacillus spp. N4 5 1o laan ausoaamsinalsa lalonSeuieununssuis
nFeuiendn lulinswudae Bacillus spp. (C+) TagleTanan 20w1 Hiszansamgegalumsan
a Y 1 A A sd 7

mstnalin 509900 laun 20W5 20W4 20W12 wag 17G18 Taslinundelodbudniugumns
Vo 15ANINY 46.77 52.81 59.99 60.45 wag 71.31 mua1ay varinssudsifseuneuliaunae

J 3 J 1w
oFuAnUNI U Ve I5AMIAY 73.79 (Table 2)
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3. naaou)sz@NENIWVD cell suspension VOWMUANISY Bacillus spp. TumMInIugulsaluga

azin Tulasilgn

a A

HAIMINATOU 3 YU WU Bacillus spp. 1o lstan 20W1 Hilsz@nTmmaegalaeiinunie

a9
]
= )

J 3 4 ° " v = 1w ax 2~
Lﬂ@iL“]J’Ll@'lﬂ?TJJ§MLL§Q%®QT§ﬂﬂ1QﬂL%TﬂU 2.70 LAZNIUNINUNTTUITNNUAIY mancozeb HIH
' A J 4 [ Y 1 a0 A
ﬂ"lmaEJL‘]JfJiLGIleG]ﬂ’NﬂJ‘gULLNﬂJ@QIiﬂLﬂWﬂU 1.40 ﬁmamﬂmm 20W4 uag 20W12 Iﬂfmﬂ%ﬂaﬂ

J 3 J 1w o w g a0 P
Lﬂﬂﬁl%uﬁﬂ’ﬂugulliﬂlﬂﬁiiﬂL“VHﬂ‘U 2.91 1ag 6.44 a1ua1nU TG‘IEJVN 3 ”leTcmaw UANay

- 4 o 1 an A = ] Y o oA = S I o
!flJE)‘iLG]ﬂmﬂ’ﬂll?ULLiQﬂJ@QIiﬂﬁ1ﬂ’NﬂiiNTﬁ“V]lliJiJﬂﬁ‘W‘Hﬂ’JEJ Bacillus spp. Fanunaulosisua

AMNFUUTIV I5ANINY 13.36 D8 NLUBTAYNADA

9

ax A 1 k4

wdsmsnagen 5 Fu nud1 nssuisavudaolelman 20wa fidszAniamgara
a 1w asA 1y Y 1 2 A = J J
HeUWNUNTTNITNNUAIY mancozeb 5098311 1dun TeTaan 20W1 aelinundenlofidug

ANUTULTWOLT5AIND 2.79 6.23 1Az 1.90 Aua1n Tagh lo Tanan 20W4 20W1 taz 20W12

A A s2 o o 1 ax Ay 12 1y . &2 A1 A
3Jﬂ1maEllﬂe‘i!ﬁb'uﬁﬂ’JTJJiu!,L‘i\i"UENIiﬂGI1ﬂ’J1ﬂi‘§3J3ﬁ1/1]13J3Jmiiwuﬂw Bacillus spp. FIUAURDY

v

alofiFudnnugunssveslsaminy 21.68 edsiisdngyneada
Y

axxa 1

WaImsNATen 7 Y1 wu nssuisanudaeleTaan 20w4 uilszdniningage
= T W An A 1 Y = ~ S I 4 [
MeVIMIAUNITVITNWUAIY mancozeb TaslinundeolosiFuaanuguuseslsaminy 1.23

o = ~ S 3 J :'a 1 Aan A =
ez 2.42 awdey Taennlo Taan daundonlosidudnnusunssvesIsadinangsuash lud
MSNU Bacillus spp. cmuﬂwmaanJmL%u@]mmsuLmﬂmﬂiﬂmm‘u 23.50 Y NNNBAIAY NN
ana (Table 3)

[ d
4. naaevszANTMNVBITINUN Bacillus spp. gasws lunlailgn
Aa A (% 4
HaNMINAAOUYTLANTAMNYRITINUNGATHI  Bacillus spp. Wunsarugulsaluga
9 1 [ @ Aan A A 1 . g’/
azvhluanwuasign wun nasmsnageo 7 3u n3suABNLIMIWU Bacillus spp. 719 5 o Tanan

[

1 { J < J ° 1 an A (= 1 ] A v o
ﬁﬂ'llﬂafllﬂ’f]iL“]fuﬁﬂ'l'm‘éul,liﬁellﬂ\ﬂiﬂﬁ'lﬂ'J']ﬂiiiJ’Jﬁ‘ﬂUliJlIﬂ'lin! Bacillus spp. D8 WU UIT ALY

g

a0 1A8MINY Bacillus spp. 1o 19@an 20W1 20W5 17G18 ag 20W4 aundenlesisud

ANMUFUUTIVOITTAMINY 41.26 43.55 43.88 1A 48.52 WAIRD FI@IN1INTINIBN TTinsnu
9 ] A v o @ an = a A
A28 Bacillus spp. 81901sdAyn1edna Iag'le Taan 20w1 Hilszd@nsnmgegalumsniugy
Tsaluga Tasannsoaamsinalsn Iy 32.88% (Table 4)
(% a S dJ re
5. NATRUINTIHINZANVOITFINUN B. subrilis Tolatan 20W1 gaswa Tuulasilgn
HANITNATOU WU MINUAEFINUN B, subtilis loTsian 20W1 NndasINNATO
Y [ %’ a a 9 A ~ o (D]
1Aun 20 30 40 50 waz 60 NI 20 @ns esnaamanalsa lalonSeufeunums luwu
Y a 1 % 1
B. subtilis 190 80151 20-30 n51/411 20 Ans 1HKARIAEUIMINUNMTHUAIEA1T mancozeb 80% WP
Y a [ 1 o [ sol
1AzON1 40 — 50 N51/AI 20 Ans THHAANIINITWUAIIATT mancozeb 80% WP BR31 40 51/

[

20 8n3 DY NNNBAIAYNIADA (Table 5)
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MIIADWUN Bacillus : HAN13NIIIAVIUN Bacillus spp. 5 loTaman #2875 API © strip range
1 I ) [

technique WU1 20W5 20W12 20W4 tag 20W1 (Figure 1) 10U B. subtilis dmsuleTaan

& Y g Ay Yo 3 ! 0 ' 4
17G18 1ilu B. licheniformis Fuiluailvdnilan 185umsvunzifouludadszme Wimieiie
Yosnumdnalsaiy wunuy (http://cdn.intechopen.com/pdfs-wm/21989.pdf )

4 ' a A
NIHANINARDI WU TUMINaaoulse@NTNMUDS Bacillus spp. 5 1o laan Tag
1 9 . g}/ dld a a A ld’ ) g‘/
MTHUAIY cell suspension U ToTgraniilsz@nTamgaga Ao 20W4 uaiierimng 5 loTyan
o I A @ -4 1 = A a

wiiauniudanasigasee wu o lasan 20W1 Hiszdniamgegalunmsaivaulsaluge

A =l = I o 3 Y ~
!‘Ll’fN%”lﬂiJﬂ1!11@1EJ!‘]_]’f)i!,“]i‘u@]ﬂﬂiJ?ULLN"’U@QTiﬂﬂWQﬂm1ﬂ‘1J 41.26 Iﬂﬂ‘ﬂ B. subtilis 'laicmaﬂ 20W5

=l

{ I 1w o ]
inag 20w4 Mﬂ%ﬂaEJL‘IJ?J%L“B‘L!@T?’I’NJJ?‘L!LL?QGMNIS‘?]L‘VHWU 43.55 1ag 43.88 fuaiay ngllll

=)

1 Aaa o < ' @ v J a J a 4
UANANNNIEDN N 20W1 neY Lmiuﬂﬁﬂmﬁﬂﬂﬁ”IEJWU‘EsUf’NﬂﬁLWI EJLL’E)U‘VHTﬂuﬁS?I IﬂﬂmWTZ

v | Y v v
puaiiGenvzansoii )1 lundaslanduaaziunlgnenvzianmnadond lumunz au

a do’glJ o

] @ I 9 v A v JAAN o A )
ADNTITNAUIUBIYAUNTIUU ﬂ"lL‘]J1!ﬂg@]'[’)QﬂﬂLa@ﬂﬁ’]ﬂwu‘ﬁﬂﬂﬁﬂﬂﬂ'lwqxiq@ LﬂJﬂiJﬂWﬁu’]“l‘]JWﬁll

A

1 Y
Uyanaalitifundasasilugduuuinuesnsannsal¥ldazain d1o ligeoiniu yaunid

= a A

v ' Y o aa [ 2 Aal Y2 K

ﬂ\iﬂﬁ'l'ﬁ]gﬁﬂﬂﬁ"lll15@@]15\1%3@]8@1]‘1@1 uazmnﬂ?mmiuﬁmwmm%m‘lm N szansnn
Y v & v A A ] a A J a 4

Tumsauguisaldgega aniulununaasssmsaa@endienug lmuvosgaunsoueum Intiaa

'
A o v A o

R o ~ 9 =\ a a a =® I ~ [ S YR
%\3iﬂl,ﬂu‘ﬂ%$§I@\‘lllﬂ?iﬂﬂﬁﬂﬂﬂi$ﬁﬂﬁﬂ1wm€)ﬁ@ﬁuﬂ ﬂﬂumimnﬂmlﬂumwmmm”l@ DNK

A 4

o a3 : o ao { o o [ @
‘]J‘izﬁ‘]JWﬁﬁ’]Li% “?);\‘1ﬁ'ﬁ]ﬂﬂﬁ,@\‘iﬂ‘]JQTL!'J%EWiﬁWUQWNﬁﬂ'IL“]Jug]j’ENﬂ@ aaﬂﬁ]uulﬁ'"laimaﬂw%mﬂwuﬁ

E]

Aa A ~ &£ A 2 2 A ' o o I A o Jd Y o
NANTALNSIN UIAYT G]NﬂLWENWE]Gl’é)ﬂﬁ‘llflﬂ“l/‘l@lﬂﬂﬂﬂ%’)ﬂﬂ!% 1% Yun et al. (2013) 'l@‘mmi

v
= %3 =

Aiden B. subtilis NHANIAINGIgAINUUATISY Bacillus 511U 60 To Tmaniiven laain

] H H k4
535090 oAU TsaeINoMANINANNTOUUANGY Ralstonia solanacearum

asiwamsnaasy
o dy 9 ~ A . v A 4
MnWamInagoudnen o sduvewuAiiEe Bacillus spp. 135 lolman dadonla
5 loTaan flidnenmgega o ldnadeumsniaulsalugalunlasilgnazi nua
= Aa A o a 3 A o o A Y
B. subtilis ToTran 20W1 Tisz@niamgegalumsiiwwaailuiidusigasnuioldniugy
Y &} L. = a Y 1w A
Tsalugaazihawignni®os 4. brassicicola H9@WTnaAMIINAT5A 1AMINY 32.88% 110
= o an A 12 1 . v v A o ¥ a
neuieununssudsn lulimswu B. subilis Tagoasms I9aminz aufio 40 - 50 n5uAi1 20 Aas
Wuloisuwumana Isa
o 2 =K . L R @ Y o A o
Aty loTan 20W1 398U B subrilis dewng liudada lanniayiaqumnuasidnonin
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newsoih wanniduiidusiatialmildainguisaluganziluszaumlaclgn uazd

uTduiensai lvensmagiFanaivdae i lueuian
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msu llddse Tewa
Y Y A a ° o 9 9 A
1. Wwmihidadsy vazinuasnsansoth lddsuldlumsaivanTsalugangth uaz e
aszpanznaouluu)avilgn
v A d' d‘ 9 o < 9 o A 1 [ Aa o
2. inInmsnnertesansoiin lsludunuulunmswann nisdeseanuaiudselums
A A Aax d' 1 Aa a o
AanTsaNs 1assI35 N0V IBNAgIINIAIYY

3. Sumadenlumsiin I 1F lumswaansindunse

Aveunm

=1

= < 1 Yo 9y a < 1
VDUBUNIEAN AT. ATYU Wanana !‘]JU’E)EH\‘]Z;NVI ‘Hﬂﬂﬁﬂ‘]&ﬂ @aamumaﬂﬂmumaﬂu

Y
MIAUdUMINAG0IU
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£ a 3

a a aa a 4 a v J <
N3 Tadansna, Sal JANesANaY , 93N 50 AAYFI 1Az 1A Y Tudana. 2548,
y & . A a v
M3 19150 Bacillus spp. 1TUM3A0AL T3AHEIV0IUR. W1 90-105. Tu: 718911
a0 A < 0o v Av o o a
WANIUTDEFOUAN 2548, ANTNITEWALINTOITNNINT NTUIFINTINBAS.
a 4 A o a v v 9 9 == a A axy
UWus NIFe. 2538. e lulagiudiums lguuanieunastianiugu lsaney lagds
4
a 4 o o v o
Fan . w1 118-129. Tu: iFegaunidnrvguaagiy. dninnunssuaivayu
NUIVBUALNIVIVINTINBAS.
v o £ v A a a2 o o
YB31AY gaudna uaz aigjun Tabanigna. 2550. MsAa@enTIENUFIUATITY
1 . AA o @ ?z’/ dy ! . A I
NQW Bacillus sp. MANSMWIUMITVEUFOINGN Fusarium aung laaned lunzive
Y
mAnazuAIn. 1 210211, Tu: M550 NIABINTIA (UNAAGD) AT
{ a v Aa 4 a
#18,20-22 WA IO 2550 B T3AUTWONTUNTAINU 0. tiipI v, Wy Tan,
@ o £ v A a a o a o =] 4
YBIIAN gANANA waz algTu Taudaniyna. 2553. myiangluuunaasuaoulamles
d‘ a 9 a o o A
Bacillus subtilis A7UAN 15AHEIVDT4. 1111 988 -1005 . Tu: 5189 1uWa19981/52 911
2553, ANINIVEWAILINTOITNUING NTUIFINTINBAT.
winfies oFu1sn, weiail Hamilyd, 3% A dusus Loz aufna ATDINT. 2544,
a a @ 4
Usg@NTNWVOITINUN Bacillus subtilis Tumsarugu Tsanmuluniavesdn.
NTANTIFIMIIAYAT W.A.- 1.8, 2544, 19(1) : 4-12.
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E)ﬁjﬂ"’lﬂﬁslf ATVATINTNAT.
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a a a J 1 4 a
’Jiiﬂ!’)ula DUNY ITLAY LANTIN UAZITINTU N, 2548. ﬂﬁﬂ’J“]JﬂiJTiﬂi‘]Ji]ﬂ

Y dy . .. 9 A a9 a A Jd (a 4 9
ASUITUNANYD I Alternaria brassicicola ANYFIITAWIAUNTY gﬁﬂ}l. U1 123-

1

Y
s ¥ A

130. Tu: Mdsgyun1aInInsveaunIImenaanyasmans. ATaN 40
yinbAsAaAAS

pussail iAuRvazuatuNg sy 2539, msdnmanuiuivvesiisusiilszan
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a%ait 34 wmInerdenuasand 30 unsAw - 1 AUAMWUT 2539 NN,
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Table 1 Five isolates of Bacillus spp. that could highly inhibited the mycelial growth of

Alternaria brassicicola, a causal pathogen of chinese kale leaf spot, in laboratory.

Bacillus spp. isolates Average of Inhibition zone (cm.)
20W4 1.68
20W1 1.60
20W5 1.58
20W12 1.46
17G18 1.36
Control' 0.00

1 .
compare to sterile water

Table 2 Percentage of leaf area infected by Alternaria brassicicola , 21 days after applied
with cell suspension of 5 isolates of Bacillus sp., compared to Alternaria brassicicola

inoculation ( C+) and water ( C-), in screen house.

Bacillus spp. isolates Infected leaf area (%)
20W1 46.77
20W5 52.81
20W4 59.99
20W12 60.45
17G18 71.31
Control (-) 0.00
Control (+) 73.79

14 m waaAdgden nsudmnmaneas Uszdll 2557



Table 3 Percentage of leaf area infected by Alternaria brassicicola ,3 5 and 7 days after
applied with cell suspension of 5 isolates of Bacillus spp., compared to mancozeb
fungicide, Alternaria brassicicola inoculation ( C+) and water ( C-), at farmer‘s farm in

Kanchanaburi province, Thailand.

Bacillus spp. isolates Infected leaf area (%)

3 DAI" 5 DAI" 7 DAI"
20W4 291 a 2.79 a 1.23a
20W12 6.44 ba 10.38 cb 12.86 ¢
20W1 2.70 a 6.23 ba 8.72 cb
17G18 10.82 ¢cb 15.24 dc 14.02 ¢
20W5 12.70 cb 14.60 dc 1393 ¢
mancozeb 80% WP 1.40 a 1.90 a 2.42 ba
Control (-) 0.00 a 0.12a 0.14 a
Control (+) 13.36 ¢ 21.68d 23.50d
CV (%) 68.33 50.73 40.60

/ . .
v Days after inoculation

Table 4 Percentage of leaf area infected by Alternaria brassicicola , 7 days after applied with
wettable powder suspension of 5 isolates of Bacillus spp., compared to mancozeb
fungicide, Alternaria brassicicola inoculation ( C+) and water ( C-), at farmer‘s farm in

Kanchanaburi province,Thailand.

Bacillus spp. isolates Infected leaf area (%)
20W1 41.26 ¢

20W5 43.55¢

17G18 43.88 ¢

20W4 48.52 ¢
20W12 61.70d
mancozeb 80% WP 23.37b
Control (-) 0.00 a

Control (+) 79.70 ¢

CV (%) 11.21
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Table 5 Percentage of leaf area infected by Alternaria brassicicola ,7 days after
applied with wettable powder suspension of Bacillus subtilis 20W1 , 20 30 40 50 and 60
grams/20 liters of water compared to mancozeb 80 % WP, Alternaria brassicicola

inoculation ( C+) and water ( C-), at farmer‘s farm in Kanchanaburi province, Thailand.

Bacillus subtilis 20W1 wettable powder Infected leaf area (%)

(grams/20 liters of water)

20 7.79b
30 576b
40 1.88 a
50 091 a
60 5.85b
mancozeb 40 grams 7290
Control (-) 0.40 a
Control (+) 24.00 ¢
CV (%) 36.92

Figure 2 The wettable powder of Bacillus subtilis 20W1
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