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ABSTRACT: The antagonistic bacterium of Bacillus subtillis NS-03 was produced as a biological
product of 3 formulas by using biochar powder mixed with talcum powder to be carriers. The
different radios of biochar and talcum powers in the 100 ¢ of biological product, formula 1
containing 60 ¢ of biochar powder and 10 ¢ of talcum powder, formula 2 containing 40 ¢ of
biochar powder and 30 g of talcum powder, formula 3 containing 20 ¢ of biochar powder and
50 ¢ of talcum powder. After storage at room temperature for 12 months found that biological
products contained with the increased proportion of biochar had the increased survival of
B. subtillis NS-03, which was significantly different (P < 0.01). Consequently, formula 1, 2, and
3 had the population of B. subtillis NS-02 at 1.2 x 10", 1.0 x 10°,and 2.5 x 10°cfu/g, respectively.
The results of biological products to inhibit the mycelial srowth of Cercospora oryzae, the cause
of Narrow brown spot of rice cv. Patumthanee 1 on potato dextrose agar, found that formula
1 provided the highest inhibition of C. oryzae. The lower treatments were formula 2 and 3 that
could inhibit C. oryzae by 51.20, 47.78, and 44.63%, respectively. The greenhouse experiment
for controlling Narrow brown spot of Patumthanee 1 rice, the use of 3 biological products of
antagonistic bacterium sprayed on Patumthanee 1 rice found that had a significant difference
(P < 0.05) when compared with control treatment. Carbendazim chemicals, the biological
products of formula 1, 2 and 3 were able to control the Narrow brown spot by 75.64, 69.33,
56.29, and 41.87% respectively. In addition, the antagonistic bacteria of Bacillus spp. colonized
rice leave by 62.30-89.26% after 2™ spray of biological products for 14 days.
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nsaAszidaya

AAT1TANLUIUTIU (Analysis of
variance: ANOVA) LagnngaauAI1ubAng19999
AnaAesieds Duncan’s new multiple range test
(DMRT) selusunsuada Sirichai 6 (Yenjit et al.,
2018)

NANISNAABILAZINT
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\o31 Cercospora oryzae Augnléan
Tutnifudoawmlsaluiniinnavestmiis
NINAEBUVDY Koch (Koch’s postulation) du
nsuaRTATMILUATISEUUNY Bacillus subtillis
NS-03 wui ﬂﬁiaasamcumwuwLiaﬂgﬂﬂ‘waﬂaa
Lll’e]quJ wannsiusnenutl uasdhisigas
fifidadauvesnsuianmanniuariinisedsen
vouuniiGeUfinsinniude Tasdaiusigns 1
AdnduvesHsauTIN M BNaTaRY (60 : 10)
aqammmmamammwLiaﬂgﬂﬂwaqamlumq
1.3 x 10" 814 1.2 x 10" cfu/g n&INsIAUSAY
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iiueigns 2 LnsenaveswuafiseUfUndlutag
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JsansInemansinusas UA 51a0UA 1UNSIAL - IWaU 2563 15



e BorrurinupfiSadonsmUAUTsAluddinmaupudad

933 1.5 X 10 fia 2.5 X 10° cfu/g #dansifiu
Shugaumniiviedluyisian 1-12 lnew uaneng
AuedalidedAydanieada (Table 1) Fawsnu

anNs MiNaTasY (L3Auias) faduasniiazane
uaziliideufineduludivlad (Anan and
Athinuwat, 2016) ksiaern1saunsielan (WHO) 3

ThduansitenaneliinlsauziSswonyuduazides
sonsneliinueisesslvvesimdanldudeiasu
Usguad 30-60% (Amy Keller, 2020)

Fiamanldladsnguisannsadniivuuaiide
Ufinulimeuninnaseunsesiaisiazaiuay
15Aias (Poralokanon et al., 2018) dnvisdowdunis

Table 1 Amount of Bacillus subtillis NS-03 antagonist survived in three biological product formulas

after stored at room temperature for 1, 3, 6 and 12 months

Biological products’ Amount of B. subtillis NS-03 in three biological products (cfu/g)

1° month 3 month 6™ month 12" month
Formula 1 1.3 x 10" 1.1 x 10 1.4 x 10" 1.2 x 10"
Formula 2 2.4 x 10*° 2.7 x 10" 2.1 x 10" 1.0 x 10
Formula 3 1.5 x 10" 3.2 x 10 2.8 x 10'™ 2.5 x 10%
CV (%) 17.26 12.17 14.33 16.42

' Formula 1 = 60 g biochar, 10 g talcum, 10 g dolomite, 10 g calcium carbonate, 8 ¢ Carboxy methyl
cellulose, and 2 g soybean extract mixed with B. subtillis NS-03 (10" cfu/ml) at a ratio 50 ml: 50 g
of bio—product. Formula 2 = 40 g biochar, 30 ¢ talcum, 10 ¢ dolomite, 10 g calcium carbonate, 8 ¢
Carboxy methyl cellulose, and 2 g soybean extract mixed with B. subtillis NS-02 (10" cfu/ml) at a
ratio 50 ml: 50 ¢ of biological product. Formula 3 = 20 ¢ biochar, 50 ¢ talcum, 10 ¢ dolomite, 10 g
calcium carbonate, 8 g Carboxy methyl cellulose, and 2 g soybean extract mixed with B. subtillis
NS-02 (10" cfu/ml) at a ratio 50 ml: 50 g of biological product.

P Mean values within the same columns followed by the different superscript letters are significantly

different according to the Duncan’s new multiple range test (P < 0.01)

UsBvsnmuasthdnminuaiidelunisiiudade
FAUuALIA
Han1sNAaeUUTEANSnINYe TN e
LLU@ﬁL‘%ﬂﬂﬁ{]ﬂﬁ B. subtillis NS-03 Tumsdiuds
mﬁmmsuamasﬁ C. oryzae waaa1nmsunlivu
TuesEsade Wunan 7 Yu wud T
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WuATILTY B. subt/llls NS-03 g3 1 mmm&mm
msmmamaﬁ C oryzae @ aqaﬁm 51.20% 589
A9AD mﬂmwwﬂmia B subtillis NS-03 gn3
2 hag gns 3 Faiinnsiuda windu 47.78 uaz
44.63% PUANRNU Lmﬂmaﬂuamquu&mﬂmmma
AR (Table 2) eililosnndnsasigns 1 fd1uu



WUATISE B. subtillis NS-03 1INNIEAT 2 Wazgns
3 @PAARBANUNITNARBIVEY Poralokanon et al.
(2018) finui Trffus (ges 3) A waunuaiiGe
Bacillus subtillis TU-Orga 13 wnnansnsadiuds
wazmuAsdeamglsaldaaningnsdu 1 nalnly
nsudsnaaiaiulndulsvendesangle

é’aaL%aLLUﬂﬁL‘%aﬂﬁﬁﬂﬁ Bacillus spp. An91N
nsasaeuleiuayansufTrug (Antibiotics) 84
Nagy et al. (2012) s1897u31 Bacillus spp.
aunsoasvasufdiusvatevia laun lturin A,
Bacilomycin, Mycosubtilin Fungistatin wag
Subsporin Dudu

Table 2 Efficacy of Bacillus subtillis NS-03 biological products to inhibit the growth of Cercospora oryzae

Treatments

Inhibition of C. oryzae (%)

Formula 1 51.20°
Formula 2 47.78%
Formula 3 44.63°
Control (Sterile distilled water) 0.00°
F-test *
CV (%) 21.78

" Inhibition (%) = (A - B)/A x100, when A is the mycelial growth of C. oryzae in a control treatment

and B is the mycelial growth of C. oryzae in the testing treatments

P Mean values within the same columns followed by the different superscript letters are significantly

different according to the Duncan’s new multiple range test (P < 0.05)

UszAnSamvastiiuaiuuaiselunisaiunu
Tsalulsasauugnive
nsnaaeuUsEAnSainvesdadual
wupRSeUfUng B. subtillis NS-03 Tunisaiunu
Tseludndimavestniitinainides C oryzae
Tuanwilsadou wuh viamsuihsuriedsd 2
Juvian 14 5u wudn Fadwsinuailise B. subtillis
NS-03 annsamuaunsiAslsaluTnddimald
41.87-69.33% oiFeuiisuiunssitmun
wazfinnuguussveslsaludndinialudag
21.53-40.81% luvngiinssuisildaisiad
psiuun@ ansnsomuaslseludedtiaaléi

75.64% Uanangiuegeiitidfgnieas (Table
3) Faflsnenudn wedewuaiide Bacillus spp.
(sUUURIRANYR Bacillus firmus E65) @13130
anuguusalsalngd (Blast disease) wazn1uly
Wia (Sheath blight) vestilulsuseulgniiy
(Suryadi et al., 2013) @1u Dhitikiattipong et al.
(2011) Wyl LuAilse Bacillus spp. @m0
muAslsAdararesdld uonaind Srimai and
Akarapisarn (2014) £awu31 WuATILe B. subtilis
anunsarmualsafiviinanlungy Cercospora
spp. taegnsiiuszdnsawm Inednalnlunisasis
asUiTurllvhaneidulouaralefvesdon
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Table 3 Efficacy of Bacillus subtillis NS-03 biological products to control narrow brown spot disease

caused by Cercospora oryzae

Treatments Severity index' Disease control (%)’

Formula 1 (1 ¢/100 mL) 21.53% 69.33
Formula 2 (1 ¢/100 mL) 30.69° 56.29°
Formula 3 (1 ¢/100 mL) 40.81° 41.87¢
Carbendazim 50%WP (1.5 ¢/L) 17.10° 75.64°
Sterile distilled water (Control) 70.21° 0.00°
F-test * *

CV (%) 28.11 31.02

' Severity index of narrow brown-spot disease on the rice plants was defined as the percentage of

diseased leaf area, where 0: plants did not show any symptoms, 1: 1-10%, 2: 11-20%, 3: 21-309%,
4: 31-40%, 5: 41-50%, 6: 51-60%, 7: 61-70%, 8: 71-80%, 9: 81-90% and 10: 91-100%
? Disease control = (A - B)/A x 100, when A is the severity index in a control treatment and B is the

severity index in the testing treatments

»25%¢ Mean values within the same columns followed by the different superscript letters are significantly

different according to the Duncan’s new multiple range test (P < 0.05)

USUIuazn13AsauATaslut1IvaIwUATIiEY
1NN TIUVIIUIUYTEVINTVO
wuaiseunludnwuluaiise Bacillus spp. 8¢
Turae 2.9 x 10° fi 3.2 x 10° cfu/g Tunssudd
fivhnsaanuiasasiuuaiiSe 8. subtillis NS-03
Turaeiinssudsnmswuansiadinnsiuuanduliny
wuailiSe Bacillus spp. WeN91nil WuN3ATOU
AsaslutveawuAfiise Bacillus spp. BEluY
62.30-89.26% (Table 4) Fafleundululdgeind
wuAiliy B. subtillis NS-03 agjsne 1il8191n
UTunaduaiitse Bacillus spp. wWazn15La3eyAToU
asaslutnnnssuitiataindinssuisaiuay
(control) agnadimau wonani mstinsdnuiia
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LauLﬁmﬁummﬁ%‘imagjiamm B. subtillis NS-03
vulutn Teenisldmetianuluanansenisly
WuATIGeY B. subtillis NS-03 anewugAm UM aNs
UTIuE MUATATEN15989 Chamswarng et al.
(2017) finuuuafii3e B. siamensis RRK1-Rif &
Finogsonuulutng 63.33-93.33% vidsiutiom
vudud1n 24 $alus dqu Wiwattanapatapee
et al. (2007) $1991UNITATIINUVLUATLTY
B. megaterium Tul3una 10° cfu/g uuludnivas
wuTidme Wunan 7 Ju Feuandddiiudi
wuALse Bacillus spp. @1m1sausuAlmanny
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Auvesiiala (Demoz and Korsten, 2006)



Table 4 Populations of Bacillus spp. on rice leaf and rice leaf colonization at 14 days after second

spraying under greenhouse conditions

Treatments

Bacillus spp. population (cfu/g)*

Rice leaf colonization (%)?

Formula 1 (1 ¢/100 mL) 3.2 x 10™ 89.26°
Formula 2 (1 ¢/100 mL) 1.3 x 10° 71.54%
Formula 3 (1 ¢/100 mL) 2.9 x 10" 62.30°
Carbendazim 50%WP (1.5 g/L) 0.0 x 10% 0.00°
Sterile distilled water (Control) 1.1 x 10* 7.15°
F-test * *

CV (%) 29.51 34.22

" Population of Bacillus spp. on rice leaf when assay by dilution spread plate technique using nutrient

glucose agar

? Rice leaf colonization was defined as the percentage of rice leaf piece that found Bacillus spp.

colonies from measuring colony on nutrient glucose agar

P9 Mean values within the same columns followed by the different superscript letters are significantly

different according to the Duncan’s new multiple range test (P < 0.05)
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