NIFIINYMIanTAvaINATUNS U9 8 AUl 1 (UnsIAx - dguren): 34-43, 2564

Songklanakarin Journal of Plant Science, Vol. 8, No. 1 (January - June): 34-43, 2021

Research article-ISSN: 2351-0846
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Efficacy of Boc:llus spp. in Controlling Soilborne Pathogen Rigidoporus microporus
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Rigicloporus microporus LUuLsuasﬂuﬂumﬂaTmﬂmisﬂﬂﬂmﬁumquiﬂLLa~Lﬂuﬁmmﬁwﬁ’maqmvmﬂwmammqm
lanswdslsznelng Lwaammﬂ“ﬁmiﬂwmﬂumu Fsdndusedldnsdesiuiinlialasiis Fawuaili3e Bacillus spp.
LUuLLUﬂwLiwmmmmmmLszjammmimwmiwmaﬁnum muummﬁ]aummmﬂiummwammaaﬂLLaumaaUUiuaMﬁmw
YeswuATILse Bacillus spp. Iumsaummaiw R. microporus ﬁ’]LMG\Iﬁﬂi’]ﬂ‘U’]’J"U?NEJ’NW’]S’] Tngthuuaiiisednuiu 44 Tels
lavn nAgeuMEIs dual culture plate Fansveaesdl 4 91 wan1snaaesnudn wuatise Bacillus spp, lolelan SM1 wag
LPDD3-2 mmiaawmam R. microporus 1# 66.43 way 54.29 Wosldud auafu Imwlﬂmaﬂm‘na‘ﬁ R. m/croporus
meldndesanssmiidnvazinund wulfinaiudnvuesadugundlindeansimididnnseuluudensin fndugad
Gulevesdon A microporus +Ju3 mmaaauuuwumummwLsuaamaal,wﬂww Bacillus spp. ingfinag Lﬁ,JEJu’lLLUﬂVILiEJ
Bacillus spp. loleian SM1 way LPDD3-2 finmuidudu 107 10° uag 10° cfu/ml JJ’lVI@]ﬂE]UU%EWlﬁJ’HWIUﬂ’ﬁEJUSNL‘UE]T] R
microporus wud wuadiise Bacillus sp. lelwian SM1 @wnsaaisansuing wazansszmediudades R microporus I
finrududu 10° cfu/ml Tnefliosidusinisdudaviniu 80.56 uay 30.00 wWasidud sy

ma'mzy: Bacillus spp., Rigidoporus microporus, mmwﬂﬂiﬂimﬁi’nﬁ

Abstract

Soilbome fungus, Rigidoporus microporus causing white root rot disease is one of the important problems in
rubber producing countries including Thailand. To reduce the fungicide use, therefore, biological control is needed to
control the disease. Bacillus species show broad-spectrum antimicrobial activity and have been widely used as agricultural
biocontrol agents. This study aimed to screen Bacillus spp. which were effective in inhibiting R. microporus. Bacillus spp.
of 44 isolates were tested for their suppressive ability against R. microporus using dual culture plate technique with four
replications. The results indicated that isolates SM1 and LPDD3-2 of Bacillus spp. were effective in controlling R.
microporus with the rates of 66.43 and 54.29 percent, respectively. Mycelial deformity of R. microporus which was
observed by microscopy and SEM confirmed the pored and wrinkle mycelia when the bacteria attached on the surface.
lsolates SM1 and LPDD3-2 were taken at concentrations of 10, 10° and 10° cfu/ml, to test for their efficacy against R.
microporus. At the concentration of 10° cfu/ml, antagonisitic substances and volatile compounds of isolate SM1 inhibited
mycelial growth of R. microporus with the rates of 66.43 and 54.29 percent, respectively.
Keywords: Bacillus spp., Rigidoporus microporus, biological control
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Rigicloporus microporus Lszjammmiimwuwuaq
gIINIT LﬂuLsuaﬁmmmJaaiumu wazaienudeniy
1‘vmumwsﬂim"daﬂsmwwanuammLsaaﬁuumummma
EJ’NW’]‘i’]ifﬂjqﬂ‘U’Nﬂ’liLﬁ]iﬁyLWUIm Ingldidulownaidngnila
\wadaufety middle lamella udrvassioulusieenuiuen
Lezfaammmuawaim mimmlummmmmua ¥519)
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mumﬂmaulﬂmmﬁm dladulownas gyunay &mdesdn
Eolivesnidulseluszes ZUINUTINTZAN ammasm Tu
svozguusInaedudaiy maaiumuuaufﬂ yooullu N1y
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ﬂuiuwmmwLﬂuiiﬂLLamu‘mluLﬂuiiﬂﬂamumiamaﬂu
Y8450 WAy mimmuLsuasmaisﬂmamsmu Foduisd
nwmsnatisaiiosannldldieuas ey Sohlinunsng
dnilngdenldansailunisdestuidn Junuasnsinldll
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L‘Uuu:uﬂVlLiEJWMﬂEJﬂWWTﬁJﬂﬁﬂ@Uﬂ:JLsuammmiiﬂwszﬂwma
$in wu Tsaluludivesdings (Pengnoo et al., 2006) 1sa
AUluwAIUBIT17 (Kanajanamaneesathian et al., 1998,
Pengnoo et al,, 2000, Chumthong et al, 2008,
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vasrnadnlalasining (Rotniam et al., 2008) Sachusaly
Andenuazvaaeulssiniamvasuuaiitse Bacillus spp.
Tunstiudaiosn R microporus mLUumﬁuwaummum
Touselov Lwamsmumism’]ﬂsunsuaqu‘wwsw wazidu
nsannsldansadilenTdssanssnusoieidiniy o Tudu
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1. n1sAmAenuuAISY Bacillus spp. wyﬂnamwm?umi
Ll/ﬂl/gffﬁizlﬁ@t?f@i? R. microporus

AaLdanuuaiilse Bacillus spp. mwawgummi
aTIINGIVDIAY AMENTNYINTTTTUYA wazfilasunany
oyATIEINAuEITenIuaudngiivlaeTiunidurani
mvﬂ,m $1uau 44 Tolwian nedeuUsyansnwlunisduds
L“ijai”l R. microporus @e73s dual culture plate (Skidmore
and Dickinsonﬁz 1976) UU®1115 Potato Dextrose Agar
(PDA) TnodnltiouuniiliosIussunn 4 Llwuiluns aquu
919115 PDA 14199190 U9 U0 w5884 2 Loufiluns
wazlutunseduiunauiuvesiios R microporus vun
WusnAudnans 0.5 luiluns 1neeiieainveuatulaes
Fowdan 2 wudns ﬁ’]MiU‘U@ﬂ’JUﬂM’J’NLQ‘W’]JUU’J'UL‘U@S’]
R. mlcroporus mqmmmaumummﬂa&mma 2 LYURLUAT
ULt mmummaauuwammwm AnldanuuATisY
1@15?1La‘1/1‘1/13JLU8iL"21w§1ﬂ’]iEJUENLﬁuIEJL“U@i’]ﬂaiiﬂiﬂmﬁﬂ 31l
Twian nageuUszansamlunisiudades) R microporus

35

#2633 dual culture plate nass UNUNTNARBILUUFY
auysal (CRD) Usenaunie 4 n35u35 nssuidae 440
JsgnaudieuunfiSesiuay 3 laimammmaaﬂlmaum
AIUAL ‘UuwmaimmmmimmauaﬂaLﬁuaimnm 3,57,
9 waz 12 $u uarAuamefidusiudimsiaiauenton
R. microporus (Morton and Stroube, 1995) 3MngA3

Wesiudnsiuda = ((R1-R2)/R1)*100

R1 A mt.aamaﬁﬂ:uLau‘lﬂwai’mmmum

R2 f® mLaaEJ‘U’eNimJLﬁuI?JL‘UE]i’l‘UGWlﬂﬁE)U

thAnUefidudnsdudimseiinnuulsusiy
(ANOVA) LLazLU%‘HUL%@U@WLQ?&J&}&?’%%@& Duncan New’s
Multiple Range Test fisgfuauliasiu 95 iWeosifus

ndudndulevedos R microporus ATy
SaufuLuAiitse Bacillus spp. wlmmnmimaauimmﬁ dual
culture plate Alvnanistudadiledesnolsaldasium 2
Tolaian TUAnwanwaznedugiuinerveaduleoniels
navsgansIAUYaLAIsTIUAT uazndsgansIAudianasou
WUUEDINTIN

2. wadauysyAnSawiwadvasuuaiity Bacillus spp. Tu
N15GULUYDIT R. microporus ﬁqaﬁ%‘ pour plate
mLLUﬂmisJ Bacillus spp. fifiuszansamsiuau 21@
lgian La galue111s Potato Dextrose Broth (PDB)
gaunilviod L‘dunm 7 LmemiLLmuaammamﬁmwﬂ
Lszjaammmawmumwwmmm 9,000 SOUADUT LUu
181 30 Wi Mntuteadvesuuaiise Bacillus spp. i
Uiuawﬁmwmmu 2 lelgan Weadlildanududugaring
#1 10°, 10° uaz 10° cfu/ml wr3ailunnaeuUszansam
‘UaﬂLLUﬂV]LSEJIUﬂ’]iEJUENLGU’eJSW R. microporus #8735 pour
plate I%UL‘UWJ@ 0.3 liaqans mamummi PDA mﬂuu
LAE szjmummszja'ﬁ'] R. microporus ’mmﬂmammamma
PDA wauLTonuATise E.‘HMSU“U@WJUNJ’JN‘UU’JUV]@JL‘U@i’] R
mlcroporus 1’Jmﬂawf\1’m|,ammja PDA WuLiignfiy antiu
Y vufigungiivies 3'1umumwmaauwuammim
(CRD) Uima‘uma 3 n5513% n3sudRay 4 91 Ao wuaTiSed
fivsgansnmdwau 2 lelean uwazyaaiunu Jufinualag
amumLaummaﬂmwaﬂdawLam 7 U uazAINM
Lﬂaswummiaumwuasw R. microporus mummﬂuam%aw
1 L‘tJi?JUW]EJUﬂWLaaEIJmmﬁmEN' Duncan New’s Multiple
Range Test (DMRT) Miszfiumnsioti 95 wosidus

3. naeuUszdnsn1wiwad vasuuaiiise Bacillus spp. Tu
N15gUdaUYaT1 R. microporus 1835 agar well diffusion
N151971291915 PDA 68 cork borer UunALEUNIY
Audnans 0.5 Lwudluns 91w 4 99 lasla1ziiaainvey
PUOTMSRLNTe 2 wuRung 11 4§ antudniadd
Anududy 10%, 10° wag 10° cfu/ml veanunditsy Bacillus
spp. fifluse dnsaandruau 2 leluian lanquaz 0.05
08807 a1ty ‘UUE]TWIS‘WQJL‘UE]T] R. m/croporus YU
URIANENA1S 0.5 Lwufluns MafnansueIsIAB T
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amw‘mmmmmLszfummnumimaam%am 2 lolalam
wildindudedndounuieaduosnuaiide vuded
gun)iivies 1sununITNAaBILUUdNaNyTal (CRD)
‘Ui‘”ﬂa‘UWJEJ 3 59133 N35UATay 4 81 A wuATiSe Bacillus
spp. fifiuszansamsuau 2 lelean wazgaAIuAN Yuiin
Naimmmumaumﬂuﬂﬂma‘uaaiﬂiaumam 47U uay
mmmmLUaﬁLazmmmismmwaiw R. microporus 31NgR3
sua‘w 1 WisuilsuAnadedieiSues DMRT fissiuaiiy
oy 95 1Wedidus

4. nadgeuUszansnWYesasIgaINKUATILEY Bacillus
spp. lumsduduiiosn R microporus
nadsulssansninlunisdudaidest R
microporus #2875 paired petridish technique (Gagne et
L, 1991) IngUiUniwadinaududu 10 10° uag 10°
cfu/mL voauAfise Bacillus spp. AifluszAnsamsuI 2
loloian USuns 0.1 Tadans mmmaﬂwmmummmi
PDA 91nTuUsY ﬂUﬂumummiLamLﬁaamme R.
m/croporus ImaiwmummaLamwawwﬁaiw R. microporus
BEAUUY LLaaquivﬂUﬂmummiLaaﬂLﬁzjavl,’smswwmmm
muﬁmm‘ummLszjummnumimaaumam 2 VLEJI“UL@‘V] 1)
Tindutsnifounueaduomuaiise Um‘uawammmaq
UNUNTNARBILUUENaNY5al (CRD) Usznausiie 3
55438 n3suiiay 4 41 Ao wuaili3e Bacillus spp. 7l
Usgdnsnmdiwiu 2 lelaan uazgnmiuau Judinualaedn
mmLaummuaﬂmwaﬂﬂiaumam 43y wagA1wIm
Lﬂaimummiaummam R. m/croporus mﬂamsuam 1
Wisuilouaedesieiaues DMRT fissiunnuiesiu 95
Wasigud

HANSNAABY
1. msﬁmaamwnmsﬂ Bacillus spp. W&Iﬂﬂﬂﬁ?WﬂﬂZ‘lJﬂ’]i
zﬂuﬂgﬂnymazﬁaﬁ R. m/croporus

mﬂmsmmmmﬂmia Bacillus spp. 44 laletan
maaumiwuﬂgﬂﬂwamam R. microporus @11138
AnLdenuunailie Bacillus spp. Tofies 3 Toleian (SM1,
LPDD3-2 way PTT7) VIEJUENL%EJSW R. m/croporus Tau1nnan
51 Wesidugd (Table 1) LM@u’]LLUﬂVIL'ﬁEWN 3 iaiém,ammaa‘u
U5y aﬁnﬁmwiumiwmmma dual culture plate Emﬂiﬂ
WU LuAfilse Bacillus sp. lelgtan SM1 ansadudade

51 R. microporus "Lé:ﬁmaamsziqmmﬁmaau Tngwmeiive
7 fu annsadudadenldlade 66.43 Wesiitus sesawmnfe
wuA#liSe Bacillus sp. lelwian LPDD3-2 fidfudutiestlaiade
54.29 Wedlud (Figure 1) lnevhlyiuasidulerdosinelse
Adnwugdadinuuly VLija'liJ'liOLﬁ]%EUNWULLU’J‘UENL%EJ
wuALSY Bacillus spp. 14 (Figure 2) luvuziiLuniiiie
Bacillus p. lelgian PT7 @a1unsaduduiosilanives
FrsnarivaaoukaziianuuanssedwiifedAymsaia
(P<0.05) WpUTauisuiunssuasouy (Figure 1) I9AALADN
wunAfitse Bacillus spp. leletan SM1 uaz LPDD3-2 1wy
miwmaaﬂumumaum"l,ﬂ meLau‘L*&JLﬁuaﬁ R. microporus
fdeasamiunuaiide Bacillus spp. s 2 lelwian Tn529
melindesgansseviiauassssun wud dilgvoadon
R. microporus Daten waznadias luvasiyamuesas
wiulesene1adudnd (Figure 3) uag A YT
qanssaUdidnasounuudeanniiiogn 3 Ju wuillwadves
wuAfilse Bacillus spp. \NNgAAUIIINTOUY Aduledes
nolsA way LﬂmaaaummwumLauiaLaﬂuas (Figure 4 (B)
and (B)) druiivaan 5 u Lmﬂ,mmaﬂwmuﬂ;a INATOBEUUY
i waziduledvuadnasegraiiuladaiiaiseuiisuiu
yaruAsl (Figure 4 (C) and (F 1wumvm’gm 7 U wuafilsy
s 2 lolman umsmvmnmmLauslamamaimaiiﬂ i
dlede \Ansesduuuituiia Jug uwasfidnuwaziaunfiet
aLau (Figure 4 (D) and (G))

2. Uizflw?n']wwaé%uwﬂﬁﬁﬂ Bacillus spp. Tun1s
§U891%051 R. microporus #2875 pour plate

NaNIVRERUIARTEILUATISY Bacillus spp. ol
Lan SM1 uay LPDD3-2 mnutdudy 10% 10° wag 10°
cfu/ml wuln wwadvesuuadise Bacillus sp. lalulan SM1
NANULNTY 10° cfu/ml @131308U819I1 R. microporus
1ddla 80.56 wWosldud wuziinuafide Bacillus sp. loluan
LPDD3-2 mmsaa‘umlm 73.33 Woildud (Figure 5) lngvi
% duledes R mlcroporusWLﬁ]imﬂllﬂ‘ULLUﬂ‘VlLiEJ
Bacillus sp. leluian SM1 fidulefiunauanasaliesnin
Lﬁﬂ&%ﬁﬂ@hﬂ%mmmﬂmmﬂma Bacillus sp. 1ols
\an LPDD3-2 (Figure 6) 8 EJﬂquULLa’JLLUﬂV]LSEJ Bacillus spp.
W 2 lelman lriduleesnelsaidnvazdaden ua
nafauilonsnanelindesqanssaivinuaisssun (Figure
7)

Table 1 Screening of the effective antagonistic bacteria from 44 isolates of Bacillus spp. inhibiting mycelial growth of R. microporus

Inhibition ~ Number of

%) isolates Antagonist bacterial isolate (isolate)

0-25 21 LPDD10-1 LPDD9-13 LPDD9-12 LPDD9%-6 BS171 LPDD3-3 PBDC2-2
RN1-5 RN5-6 RN5-7 NMD3-2 NMD4-3 PBDD3-4 PBDE2-1
NMD6-1 NMD6-3 NMD6-5 NMD9-2 NMD9-3 PLMD1-2 NHE10-1

26-50 20 ROS2 LAR3 RN 1-3 LPDD9-9 LPDD9-17 TRF NSR.89-24
LPDD10-3 RN 1-2 PBDE2-7 RN 5-4 NMD5-1 LAR1 LPDD10-4
NDD2-2 PLMD4-2 PLMD4-3 PBDD3-3 PLDD5-1 LAR2

51-75 3 SM1 PT7 LPDD3-2

36 2. WYmansaNYaIuATUNT 8 (1) 34-43
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Figure 1 Inhibition of mycelial growth (%) of R. microporus by Bacillus spp. (SM1, LPDD3-2 and PT7) by dual culture plate technique
after 3, 5, 7, 9 and 12 days at room temperature and natural light

Control

Figure 2 Reaction of the three selected Bacillus spp. (SM1, LPDD3-2 and PT7) against R. microporus by dual culture plate technique
for 3,5, 7,9 and 12 days at room temperature and natural light

Figure 3 Morphological characteristics of R. microporus mycelia by dual culture plate technique for 7 days, control (A) R. microporus
+ Bacillus sp. isolate SM1 (B) and R. microporus + Bacillus sp. isolate LPDD3-2 (C), scales bar 10 ypm under compound
microscope (100 x)

37 2. WomansaawaIunsuns 8 (1): 34-43
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Figure 4 Morphological characteristics of R. microporus mycelia by dual culture plate technique control (A) co-cultured with Bacillus

sp. isolate SM1 for 3, 5 and 7 days ((B) - (D)) and co-cultured with Bacillus sp. isolate LPDD3-2 for 3, 5 and 7 days ((E) - (G)),
scales bar 2 um observed by SEM (10,000 x)

—~ 100.00

L
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= [ Control
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s) £ sm1

(]

g 4000 B LPDD3-2

c

Y 2000 Figure 5 Inhibition of mycelial growth (%) of R. microporus by

g c fresh cells of Bacillus spp. (SM1 and LPDD3-2) at three
0.00 concentrations (109, 10> and 10° cfu/ml) by pour plate

10¢ 105 106 technique after 7 days at room temperature and natural

concentration (cfu/ml) lght

LPDD3-2 Concentration
(cfu/ml)

Figure 6 Reaction of the two selected fresh cell of Bacillus spp. (SM1 and LPDD3-2) at three concentrations (109, 10° and 106 cfu/ml)
against R. microporus by pour plate technique for 7 days at room temperature and natural light
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Figure 7 Morphological characteristics of R. microporus mycelia by pour plate technique for 7 days, control (A) R. microporus + Bacillus
sp. isolate SM1 (B) and R. microporus + Bacillus sp. isolate LPDD3-2 (C) scales bar 10 pm under compound microscope

(100 x)

3. UszAnSaiwaduasuuniitse Bacillus spp. Tun1s
gU891%991 R. microporus #1875 agar well diffusion
NANSNAEBULYARYBILUATILSY Bacillus spp.
lolaan SM1 uag LPDD3-2 PAMUINTY 10%, 10° way 10°
cfu/ml sonisdududulei@eost R microporus 9875 agar
well diffusion wui1 twadvesuwuaditse Bacillus sp. lele
Lan SM1 fimnududu 10° 10° way 10° cfu/ml@unsa
Fudaudos R microporus ¢ Tnefliedifudnsduduate
53.00, 46.00 way 27.00 LWosidud aud1du uazilny
uaneinvee1lidudAyMeada (p<0.05) Weisuisuiy
nan1sdugearnuuaiitse Bacillus sp. loleian LPDD3-2
(Figure 8) lnaiinavinlduaneidulefidnuuzsndaiuuvu
LLavlmmmmLﬁ]mmummmmmaummaL'«aimaa
(F|gure 9) wazhlmduledesnolsaiignuasinde uay
nafmas iesmaduluaelindesganssmiviauassssuan
(Figure 10)

3 60.00 __?__

IS g b [ Control
S 40.00 X

< - Esm1

o E B LPDD3-2
& 20.00 -

€ —

GJ -

i~ —

c c
& 0.00 X concentration

10 10° po¢  (cfw/mb

Figure 8 Inhibition of mycelial growth (%) of R. microporus by
fresh cells of Bacillus spp. (SM1 and LPDD3-2) at three
concentrations (104, 10° and 10° cfu/ml) by agar well
diffusion technique after 4 days at room temperature
and natural light

concentration

cfu/ml

Figure 9 Reaction of the two selected fresh cell of Bacillus spp. (SM1 and LPDD3-2) at three concentrations (104 10° and 10° cfu/ml)
against R. microporus by agar well diffusion technique for 4 days at room temperature and natural light
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Figure 10 Morphological characteristics of R. microporus mycelia by agar well diffusion technique for 4 days, control (A) R. microporus
+ Bacillus sp. isolate SM1 (B) and R. microporus + Bacillus sp. isolate LPDD3-2 (C), scales bar 10 ym under compound
microscope (100 x)

4. UszAnSamvesasssmeanuuaditse Bacillus spp. 40,00
Tunsudades R. microporus

1998 M8 INWad UL UATLT Y Bacillus sp. 30.00

lalaian SM1 ﬁmwm%u%’u 10% 10°wae 10% cfu/ml O Control
mmma’uaamsmmmuimmwaﬁ R. microporus ¢ 1ag 20.00 Esm1
fefidudnrsduds 30. 00, 23.00 wag 16.00 vUasidua B LPDD3-2

muddu Tuvagfianssemedinnnududy 10° 10° way 10° 10.00
cfu{lmL?JENLLUﬂVIL‘iEJ Bacillus sp. Iolgtan LPDD3-2 @unsn
fudadenldtiovas (Yound1 21 wWaedldus) (Figure 11) Tng 0.00
iliiduluesinelsaniasgysamduluaiilse Bacillus sp.
lelaian Sm1 NﬁmﬁmeNLLauLﬁ]'ﬁmlﬂ‘u@&%ﬁﬂ Tunusidy
IEJL‘UE’JSWﬂaIiﬂVlLaENi’mﬂULL‘Uﬂ‘MLiEJ Bacillus sp. loleian

LPDD3-2 fimnnuidudu 10° uay 10° cfu/ml Lauiamimvl,m

percentage of inhibition (%)

concentration
10¢ 10° 106 (cfu/ml)

Figure 11 Inhibition of mycelial growth (%) of R. microporus by
volatile compound of Bacillus spp. (SM1 and LPDD3-2)
at three concentrations (109, 10° and 10° cfu/ml) by

IndlAssiuganiunu (Figure 12) Snnaiinasiliduledes paired petridish technique after 4 days at room
Aelsnfidnunsdaiien uay NAFALTUAEINUNITVIAGDY temperature and natural light

419AU LmamnLauiaﬂﬂaimﬂaamammu%ummﬁimm

(Figure 13)

Control LPDD3-2 concentration

(cfu/ml)

10°¢

Figure 12 Reaction of the two selected volatile compound of Bacillus spp. (SM1 and LPDD3-2) at three concentrations (10, 10° and
10° cfu/ml) against R. microporus by paired petridish technique for 4 days at room temperature and natural light

40 2. WomansaseaIunsuns 8 (1): 34-43
Songklanakarin J. Pl. Sci., 8 (1): 34-43



Sungtong et al. (2021)

Figure 13 Morphological characteristics of R. microporus mycelia treated with volatile compound of two selected Bacillus spp. (SM1
and LPDD3-2) by paired petridish technique for 4 days, control (A) R. microporus + Bacillus sp. isolate SM1 (B) and R.
microporus + Bacillus sp. isolate LPDD3-2 (C), scales bar 10 um under compound microscope (100 x)
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