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Abstract

Nitrogen is an essential macronutrient for plant function and soil microorganisms. The southern soils are
highly developed with easy loss of nutrients, especially nitrogen. The continuous plantation of rubber (Hevea
brasiliensis) in the same field and neglected proper fertilization result in insufficient nutrient intake, weak rubber
plant, and white root disease of para rubber (Rigidoporus microporus). Bacillus subtilis has been reported as
antagonistic to a variety of plant pathogens. The objective of this work was to study the effect of nitrogen and B.
subtilis SM1 strain for inhibiting R. microporus NK6 strain on white root rot disease (R. microporus NK6 strain) in
laboratory. Nitrogen concentrations of 0, 0.421, 0.842, 1.263 and 1.684 M with four replications were tested for
their growth of B. subtilis strain SM1, R. microporus strain NK6 and suppressive ability of B. subtilis strain SM1 against
R. microporus strain NK6. The results showed that B. subtilis strain SM1 was able to grow up to 10" cfu/ml, but
the growth of R. microporus strain NK6 was decreased. However, with nitrogen and B. subtilis strain SM1
combination has also inhibited the growth of R. microporus NK6 strain mycelium by more than 80 percent. There
should be further studies in greenhouses conditions and on the effects of other nutrients on the disease control.
Keywords: Bacillus subtilis, Rigidoporus microporus, nitrogen, biological control
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TumamwmmmﬁmﬂmLﬂwmﬂivl,uvl,mm’lﬂaﬂﬂ 5nos
mﬂ,aﬂaﬁuaqLﬂwsﬂﬂmamﬂmmlﬂaqamumuuummm
@010W398819 (Kungpisdan et al,, 2006) ) VAR LY 19IWI5
Y1A51IM01115 Use ﬂaUﬂUTuwuwmﬂTmumquu
WauIn1sge dnsgadesineimisladislasianizsig
Tulnsiau @ “UQﬁﬁULﬁEJﬁ]’]ﬂﬂ’]'ﬁGU”a sanguazAnlUfunanam
919 mﬂﬂmamnfmaqwamkumﬂummawwmaauua
uae sidelsadnviansldine Immawuiimmﬂmwmmmﬂ
Fos Rigidoporus microporus “NLiJuLGUEJSWlEJ’IﬂEJEJEﬂu
Auanunsadinatgeannslinszegnsasyiule 1ne
nsudmLoulssl extracellular enzymes a1851ne19m5
(Nandris et al., 1987) yhlvililoidosnludiuvesdniuni
\Uey (Geiger et al, 1983) uavinisdevaaisiniuiiuids
wadvessInfislaaiinluanendlulnsiau uazqaunsd
arldlulasiaulunisudaieulaauss TUsAu taulesl n1s
WigAulanaiuidule vilddusisuansoinislumies
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MateszuusINgues lawsasnuilsaliue wazlsald
aﬂamamuaulmtm dmiuluanunisaliagdunissun
maahmmmnmmwmﬁuuua smmmwmuimmawwiu
wumanmamm mumiﬂaﬂmumwﬂuiaw 2 %58 3
aiwmmLaa‘msmﬂLﬁwﬁﬂwﬂui“mmaLsaumwmﬂs
warUsvwnadusgraunn

n1slduuaiitse Bacillus spp. Tun1sarunulsaiy
LﬂmﬁmwmiumimmﬂmEJGU’nﬁ farusniunld
mwmmammmisawmima aAN1suNINIEIBYRlsAlA
thailUszansan 1wy anunsadudaiesn Rhizoctonia
solani avnalsaniulunis waziudnn19999979
(Kanjanamaneesathian et al., 1998; Pengnoo et al,
2000; levattanapatapee et al., 2004) mLMﬂIEﬂIEWﬁ
PRRRLVER, (Pengnoo et al, 2006) waggUTILTD I
Alternaria spp. mmaiﬁﬂiquuaaﬁﬂmwau (Rotniam,
2009)Imamim§maﬁﬂﬁﬁ?wz LYY iturin, fengycin,
surfactin, bacyllomicin, macrolactin, bacillaene &%
bacilysin (Rabbee et al,, 2019; Khedherab et al., 2021)
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W31 R. microporus @18Wug NK6 wumilise B,
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2. NAFaUNITI93YYaNIUAIILSE Bacillus subtilis &1¢
Wug SM1
NAABUNITIATYVRIUUATILSY B. subtilis a18ug
SM1 A18737% dilution spread plate Uu®1%13 Potato
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B. subtilis @1eug SM1 MATYUUHIDMITANET?
3. msm?symau%ai'l Rigidoporus microporus maﬁ'usj
NKé

3 Vlﬂaa‘umimim%ﬂ R. m/croporus mEJ‘W‘uﬁ NK6
ms%mumaiw R. microporus angiug NK6 I@EJSL“ULﬂiEN
1913 (cork borer) WUR1AUEINaI9 0.5 LYuAlUnS LLau’JNGU‘u
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mevLuimmusUEJLi&J COL(NH), ANILUUTY 5 586U 0 (U;
AIUAK), 0.421, 0.842, 1.263 Uay 1.684 Tuans nMmaassd
4 9 wmasmammmm LiJuL’;m 7 U Judinuanns
wmaaﬂmmmmmmwmLmﬂ,amaiw R. microporus &g
Wug NK6 amiwwwmuLLUiUsauLLawLﬁismmsmml,aasmw
uﬁsuaa Duncan New’s Multiple Range Test fisgduaiu
ey 95 Wedidus

4. nadauUszinSawyaswuaiise Bacillus subtilis &g
ﬁué: SM1 fian158ugaLas Rigidoporus microporus
d189Wug NK6 #2835 dual culture plate

nagouUssdniniwvesuunaiiise B subtilis
agiug SM1 sion158ugalyasn R microporus a8Wug

NK6 97875 dual culture plate (Skidmore and Dickinson,

1976) Uua w3 PDA fivfinlulnsiauguyiFe CONH), Ay

Viudiu 5 586U 0, 0.421, 0.842, 1.263 waz 1.684 luans lag
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LUaﬁLszJummiaUaaLﬂaiLﬁvummwummiwm percent
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Stroube, 1955) mé’qq]qﬂﬁuﬁ'ﬂﬂaqmﬁulgmau%aﬁ R Table 1 Effect of nitrogen (0, 0.421, 0.842, 1.263 and 1.684 M) on
microporus a@8ug NK6 UiL’JmVlﬂﬂEJUENWJEJLLUﬂVlLiEJ growth of 8. subtilis (SM1) by spread plate method for
B. subtilis @ewug SM1 enwidnvnrvonduloitos 24 hour incubation at room temperature and under

natural light
maﬂaaaqawﬁﬂu‘uumu,aaﬁiimm
u . o Nitrogen concentration Number of viable B. subtilis
Wasiguansguds (PIRG) = ((R1-R2)/R1)*100 M) (cfu/ml)
R1 mmmaﬂuaaLauslalfnaiﬂu‘mmmu 0 (control) 703 x 1011
R2 fe ﬂ’J’]JJEJ’]’JEUENLﬁuiEJL?IEJi’fL‘LJsUGWW]ﬁEJU 0.421 736 x 1011
- . a4 0.842 7.43 x 10!
N 3Lﬂﬁ%ﬁﬂ?mLLUi‘U')T?l‘L!LLazLUiEJULVIEJlJmLEaEJmEJ 1263 230 % 101
’Jj‘UEN Dunca‘ndNe(vv s Multiple Range Test 15¢AUAIY 1684 243 % 101
9N 95 LUBILTUR
10 -

NANISNAADY
1. M91939/Ya3uUATISY Bacillus subtilis 8189Ug SM1
INNsUwUAEe B. subtilis @189ug SM1 #599
UuUSinauuaillse naaeusieis dilution spread plate
VU1 PDA Mitululasiau 0, 0.421, 0.842, 1.263 Lay
1.684 luans wui1 USunauesuuadiise B. subtilis aenug
SM1 ansaiaaylaeglutg 7.03-7.43 x 10" cfu/ml galsl
mmﬂmqnumawiwmsmnmmmum (Table 1)
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0.421 0.842 1.263 1.684

growth of R. microporus (cm)
N
1

2. ﬂﬂiLﬂ%m%aﬂtﬁuﬁlﬂL%aiﬂ Rigidoporus microporus (control) nitrogen concentration (M)
anenug NK6
mswsmmauau‘lmmaﬁ R. microporus @1eWug  Figure 1 Effect of nitrogen (0, 0.421, 0.842, 1.263 and 1.684 M) on
NK6 una1115 PDA winbulasiau 0, 0.421, 0. 842,1.263 growth of mycelial R. microporus NK6 strain (cm) for 7
uay 1.684 lua1inui mmmeuﬁuaﬂﬂmwﬂuiwmuwm day incubation at room temperature and under natural

light
The same letter over the bars means a non-significant difference
at 95% by DMRT.

Fuslinsesgyrenduleesanas (Figure 2) zimmawwv
ulnsiau 1.684 Tuans aunsaiansiesyuendiledesls
2.15 [URLLAT MUAIRU JANUuANAeE1eTedIAYNIg
i (P<0.05) LiloiuFsuliisuiu 0 Tuan$ (ynaauaw)
(Figure 1)

Figure 2 Growth of mycelial R. microporus NK6 strain (cm) grew on PDA added with five different concentrations of nitrogen for 7
day incubation at room temperature and under natural light, control (A) R. microporus + nitrogen 0.421 M (B),
R. microporus + nitrogen 0.842 M (C) R. microporus + nitrogen 1.263 M (D) and R. microporus + nitrogen 1.684 M (E)
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3. Use 5w5n7wwauwnmiy Bacillus subtilis mywua‘
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NNNINAADUUSTANBANUBILUATISE B. subtilis
ateiug SM1 lunsdudauiost R microporus anenug

NK6 @28735 dual culture plate WU LUATILSY B. subtilis

anuiug SM1 mmsaa‘ummiwsm‘uaamuiwﬁaﬁ R.

microporus awwuﬁ NK6 1@ 70.36 1UasLdud lagaanu

Wutuveslulasiau 0, 0.421, 0.842, 1.263 uag 1. 684 &Y

a1 wUATISY B. subtilis aneWug SM1 annsadudaden

R. microporus aw‘wuq NK6 1mﬂﬂﬂﬁ’l 80 LUosLdun

(Figure 4) Fsszauanududuveslulasiau 1.684 Tuans

100 -+

60 +

40 A

percentage of inhibition (%)

anunsadudanisiadyvenduledesn R microporus ae
Wug NK6 1¢gefian 84.11 Wesldudiianuuandisagil
Hud1Agyn19an@ (P<0.05) LlJEJL“LJiEJ‘UL‘V]E’JUﬂU‘U@ﬂ’JUmJLLa“’
5% ﬂ‘ummwmu‘uaa"l,uimwum”mmﬂ6] (F|gure 3) lng
Luammuiwzjaﬁ R. m/croporus a’lﬂwuﬁ NK6 Vlwmaa'Uﬂ“U
wuAlsY B. subtilis awwuq SM1Uu81I%15 PDA LuAIY
uduveslulasiauseduing asiadondesganssetiviia
weessIuaN wud idulevendesilnwasiinuni vunves
Lauslaiuaml,auaﬂu mimmumumwmﬂ wazuIaUaie
w@ulelvanes LZLIEJL‘UiEJ'ULVIEJUﬂU“UG]ﬂ’JUﬂiJVIﬁ’]iJ’]iﬂL‘-GSEUQ’EJﬂ
g1 duuni (Figure 5)

i

control

N 0.421

N0.842 N1.263 N 1.684

nitrogen concentration (M)

Figure 3 Effect of nitrogen (0, 0.421, 0.842, 1.263 and 1.684 M) on inhibition of mycelial growth (%) of R. microporus NK6é strain
cooperating with B. subtilis SM1 strain by dual culture plate technique after 7 days incubation at room temperature and
under natural light. The same letter over the bars means a non-significant difference at 95% by DMRT.

Figure 4 Reaction of the B. subtilis SM1 strain against R. microporus NK6 strain by dual culture plate technique for 7 day incubation
at room temperature and under natural light, control (A) B. subtilis + R. microporus + nitrogen 0 M (B), B. subtilis + R.
microporus + nitrogen 0421 M (C), B. subtilis + R. microporus + nitrogen 0.842 M (D) B. subtilis + R. microporus + nitrogen
1.263 M (E) and B. subtilis + R. microporus + nitrogen 1.684 M (F)
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Figure 5 Morphological characteristics of R. microporus NK6 strain mycelia by dual culture plate technique for 7 day incubation at

room temperature and under natural light, control (A) B. subtilis + R. microporus + nitrogen 0 M (B), B. subtilis + R. microporus
+ nitrogen 0421 M (Q), B. subtilis + R. microporus + nitrogen 0.842 M (D) B. subtilis + R. microporus + nitrogen 1.263 M (E)
and B. subtilis + R. microporus + nitrogen 1.684 M (F), scale bar 10 pm under compound microscope (100 x)
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lulastudusinemnsndnfifiunuimdAgysdedia
NNIzEEN1Ts YL Aule SaudslnasionisiasyLivlanveg
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auvsludu lnelefnsuiisllulnsiau 0.421-1.684 Tuad
wuA#iiSe Bacillus subtilis &esiug SM1 aansalasaivla
& laiunnsinaify Ao 7.03-7.3 x 10" cfu/ml (Table 1) e
Wisuduyaauauitlifnisdfinlulasiau aenadesdy
wuATL3E B. subtilis assatasgavlalanaziinisasig
Lauima‘ua‘%umLﬁaLﬁumimmﬂuiﬂLLamTuLﬁau%’aw\Im
EJL’iEJ LAaLdeN Lazuueniis (Cote and Gherna, 1999;
Gunka and Commichau, 2012) Luaﬂmﬂiuimmul,ﬂu
sAvUsznovveslusiuTmulilumadvesaunid i Fausidau
voautagag (cell wall) mﬂuiml,aml,ﬂuamﬂsmau We
Tusaziinisiialulasiaudendn sliduledos
Rigidoporus mlcroporus a”lEJ‘W‘uﬁ NK6 mmmmiﬂﬂﬂaﬂad
(Figure 1) wuLfieaiu Lmammvuwuu‘uaqiuimLﬁmmﬂfm
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(Mantovani et al., 2007) . .
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nrsAruAuLdeauglsniivldvateviin 19U LWesn
Rhizoctonia solani 1sAn1UTURAS LagLuAnA19YDI912
(Pengnoo et al, 2000; Chamswarng et al, 2018) wazlu
Tuflveedang (Pengnoo et al,, 2006) 051 Alternaria
spp. @wnnlinlugavesinniaveu (Rotniam, 2009)
Wuliieaiu wuadilse B. subtilis anwviug SM1 awnsaduds
n1sLaseyvaduledasn R microporus aneawug NK6 lu
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amwwaqﬂgummﬂﬂ 70.36 Wosidus (Figure 3) sl
finnsiinlulasiau 0.421-1.684 Tuans aslue1ms PDA
WUATISY B. subtilis ae¥ug SM1 annsadudinsiasyves
Gulewdesn R microporus @1e¥ug NK6 ldu1nndn 80
Wosidud IﬂEJLQ‘W’]uVI’iu(ﬂ‘UﬂT]QJLEZJQJ‘lJu‘ZJEJ\‘l‘luIGﬁLﬁ]u 1.684
Tuans mmaaaummiwimﬁumLauslwzjai']"l,ﬂm 84.11
Woslgus Fovduleveniden R microporus angfug
NK6 finaasuiunuaiiie B. subtilis a1gvug SM1 uawdl
n1sviinlulnsiay 0.421-1.684 Tuans mmmsflmaaa
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microporus @18Wug NK6 1Juwnsizwuaiiise B. subtilis
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surfactin, bacyllomicin, macrolactin, bacillaene I @ ¢
bacilysin (Rabbee et al., 2019; Khedherab et al., 2021)
namteulad p-1, 3-glucanase, chitinase @ g cellulase
(Singh et al., 2008; Taechapoempol et al., 2011) Fa19u
nalnuaawuailiie B. subtilis awa’lm%amma‘lmlmmmsa
wigivlanazanlonalunisnelsaliiuiivle

G
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Hosfing dau nslélulasiauuazuuniiite 8. subtilis
A189ug SM1 a11130AIUANTRST R. microporus a1fiug
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