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Correlation between Isolated Entomopathogenic Fungi
and Soil Characteristics from Forest Areas of
the Southwest Region in Korea

Kim, Hoe Ri - Kim, Hyngchan - Lee, Se Jin

Entomopathogenic fungi are one of the microorganisms distributed worldwide, and
they inhabit not only insects but also soils of various regions such as agricultural
land and forest areas. In this study, entomopathogenic fungi distributed in the soil
of forest areas in Korea were isolated using the insect-baiting method, and the
relationship between the distribution and diversity of entomopathogenic fungi and
the physical/chemical characteristics of the soil was analyzed. The soils were
collected from five forest areas in Korea, and a total of 42 entomopathogenic
fungal isolates were isolated from the collected soils. Among them, Beauveria
bassiana (42.9%) and Metarhizium anisopliae (45.2%) were mainly isolated. In
particular, it was confirmed that the distribution of M. anisopliae varies depending
on the total nitrogen (g/kg) and organic matter content (%) of the soil. The soils
in forest areas in Korea have a low pH of 4-5. Among all isolates, >50% of
entomopathogenic fungi were isolated from silt loam. This study suggests that it
will be helpful in understanding the relationship between the distribution and
diversity of entomopathogenic fungi and the physical and chemical characteristics
of soil.

Key words : Beauveria bassiana, entomopathogenic fungi, insect-baiting method,
Metarhizium anisopliae
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2 F4 AFAY dAAZA AAH o2 A, A FEE] ¥
7EA 2 QT @A, 9045 700% ol delghal delA 9l S W (Onofre et al., 2001), A
2 HEFFAA THAT AF7A G LU

=
=1
GAFF{FI 2 FE XA sl o™ (Maina et al., 2018;

Samson et al., 1988), 53] A=l <8= Beauveria 3 Metahrizium <52 25 YA
A FoAA sl TS FASH] gk d571 %HLﬂ Y =31 JTH(Gebremariam et al.,
2021). B. bassiana= 700% ©]’de] LFo] HAA S 7IA= A= EHA .S ™H(Imoulan
et al,, 2016), M. anisopliae= 200% ©]32] F& BAT + Ae FAEE /A A

(Jitendra et al., 2012). TH oAM= & alS5S FAISH] Y3l B. bassiana$t M. anisopliae
2R AFA 7L B AN 2 U AT AFS g 5 HEA F8E

5ol gk WA AHE Eol7] elAe EFR +& EElet] H&sfof s, ol A+
=5 TAE EF 23HAA IFE A A w9 Aol el =2 YAES Bt
(Clifton et al., 2019; Hernandez-Trejo et al., 2019).

LU A A AAACE Ex3H, 25, EGFS HIES 9 2L A4 2E A
Ao A B2 4 oM (Bidochka et al., 1998; Jaber and Ownley, 2018; Korosi et al., 2019;
Sanjuan et al., 2015; Wakil et al., 2013), 2% AHAIE T3l A BV % SR 2 E
Fo A EFE A3 insect-baiting W I} dodine 7]WF AEujz] 7|&S AMESIA ATH
(Mantzoukas et al., 2020; Meng et al., 2017). Dodine 7] 7] 7|2 gEEY T &

i o

HE A
ol dg] AFREH 1 YA T B =& dodinedl] e & Ao

d iy
glom i siFol gk WAl&o] FAE G ATHGebremariam et al., 2021). FAIFE, t
A

< 73 Qth(Rangel et al., 2010). =3, ZFHAAL I 9 EF vl Eo] H=3HA F4
shal Ao EY AES AHEozA B 437 THE 5 o m(Meyling, 2007), ¥
gH ZFHYY e 2o Ug B HAdA S Hoja itk ol HHER U3
HIE EF 252 Aste] 23H U HS Elshe insect-baiting WHS AR
sta glom, S E AR H8o R tEF Aol Jhed ZAAANEY {3 (Tenebrio
molitor)< ©]-&3te] &2]8kal JTHKim et al., 2018).

Eofo] Aashe 2EHUAd WFS B pH, #7012 T 28 shety 29dd) o3
are WA B Aol mE 2FUAY Ao Bxel DA ATE 3 I

A o]th(Deaver et al., 2019; Jaronski, 2010; Johansson et al., 1999; Quesada-Moraga et al.,
2003). LA o] YA el A EAS o]s]]%h:}tﬂ e s ollA 1
g A3 M FRE Fe U 2320 2 F Atk &5, W28 § FYdAe EG &
g3 3] oS BASIAA T sl e 4H, 57 ] ZF A1 g o] BEFolA &
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Wansan park

(35°48'9.5364"N 127°8'25.584"E)

Suncheon-

Jukdobong

(34°57'14.8212"N 127°29'39.7752"E)

-

(34°42'42.966"N 126°58'13.26"E) {8
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(34°22'35.7672"N 126°35'11.7384"E)

Bibongsan
W (34°58726.3316"N 127°28'41.97"E)

Location of sampling soil for the isolation of entomopathogenic fungi.

Fig. 1.
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Fe AT B pHe 2ARTHE ARS8kl 2438H1 .21 (S230 Mettler Toledo),
=5 2

7= ¥ A2 Tyurin® % Kjeldahl® & ©]-&-3to] 413t th EA-2 Micropipette
HE ol gste] AR ABEEE AR F 55 FH(USDA)S EFAA wet 2%

AR X+ ol AMREE ANAAY F52 AUy I ETTATA
o, Wr]go] St Zeby K22 x 35 x 15 cm)ollA] A& 7
o AFSL 2% 254+2C, AUSEE 30+5%9] ZAdA

4

m 5(2018)°] wel ELFHUA L insect-baiting™ S ©]&3lo] EoA EE]= S
c}. E‘réE‘ Z(diameter 10 cm, height 11 cm)ol] EF AES <F 50 ¢ Hoj& + 5mhg] 9]
4-5% ixiﬂ] 152 Zgtg Holl Y1 25+2TC oA 25 St vkl 25 YA
Aol e ZAAMAAE 552 1/4 SDA (Sabouraud dextrose agar) iAol At vl F5}<
&g E—E]S]-Oﬂq- £2¥ ¥ genomic DNA extraction bufferE ©|-83}] DNAE FE3}
Fomw, F FAHL $3] White et al., 19909 w2} ITS (Internal Transcribed Spacer region)
P FEZ317] Y3 ITS1-F(5’-TCCGTAGGTGAACCTGCGG-3"), ITS4-R(5’-TCCTCCGCTT
ATTGATATGC-3') primerE AF&3}HTE PCR HE-3-2 AccuPower PCR PreMix (Bioneer)E
ARg-31ed 94°C ol A 303 (denaturation), 55°C ol 4] 303 (annealing), 74°C ol 4] 30=(extension)S

& F712 F 303 WHESIe] FEH QT PCR AHE2 0.8% agarose gel S ©]83te] ¥
A& RIgE 3 Bioneer (Dagjeon, Korea)S T3l 7] do] #4151 2™, NCBI Genbank

do]E & ©]83to] BLASTH AT

g 2EHAA X+ 1 ﬁ]E B2 ITS sequencesS 7|WHo.Z F33Iit) A5 E &
238 $]3}e] NCBI Genbank®l 55% B. bassiana ARSEF 1564 (Accession no. NR_111594),

Isaria sp. HB0201 (Accession no. AJ536568), M. anisopliae ARSEF 7487 (Accession no.
NR 132017), Paecilomyces clematidis BRNU 677844 (Accession no. NR_182939)2] 1714 <&
I} vl st 2 752 ITS sequence= ClustalX v.2.0 (Larkin et al., 2007)& ©]-83}o] A
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dE& AE3IH oM, GeneDoc softwares ©|-83te] EZ Q3 sequences AASIATE AT
A4S AEH f3A M EE Kimura-2 parameter model-S ©]-8-3+ Maximum likelihood ¥
© 2 MEGAII software (Tamura et al., 2021)E ©]-&3la =33t} AF42] £7]1E 1,000
3] HFE-S- 7]HFO 2 Bootstrap 42 53 FASACH

B ATolA ARE B BAQH, ¥ 4%, 471% §He dad wEuE 7o)
RnoH, Bl & Ao, BEY 9 fUlE & A4 R 3¢
Pearson’s correlation coefficient (P<0.05)% &

SPSS Inc., Chicago, IL, USA).

A5 HTHIBM SPSS statistics 27 for Windows,

1. 8% 24

Mo

TR 7 A Mg BEoF AES B3 Ay B pHE 4.2-5.430|% o1, Zulak
A Ho] 427+0.00% 7FE e pHS BYPoH, 3 =550 54340018 52 pHE B
S THTable 1). =83 TL3 A

ol AIARE HlgAte] 79, S8l vls) 448£0.192
dAor W2 pHE EAth 2 A AHe BEALS Eriitat AF= vARE FEGilt
loam)o. 2 A glom, g4l S8, A EGL 72 & E(loam), AEZE A E(silty
clay), PIAME 2 Y E(silty clay loam)® £ EH AT & dAZFH F71E FFS 24T 2,
A Aol met  Apolrt FRlHl o, F Ao We A fUlE T =3 L
Aoz vhe TS HAT(r=0.998, p<0.01). T B&TFH Frl= FFo] @2 B2 &4

Table 1. Physico-chemical characteristics of sampling soil from 5 forest regions in Korea

No. Namra;aﬁzuntain pH £ SD Orga“icigl]a)“er ) | TN (@ke)=SD | Soil texture
1 Bibongsan 4.48+0.19 9.13+£0.29 3.49+0.42 Loam
2 Jukdobong 543+0.01 2.69+0.11 1.09 + 0.08 silty clay
3 Wansan park 4.73+0.01 426+0.21 1.77+0.15 Silt loam
4 Jeamsan 4.82+0.01 17.03 £ 0.71 7.24 £0.15 Silty clay loam
5 Dalmasan 4.27+0.00 10.81+0.22 4.60+0.29 Silt loam




100

o
o
v
Y
oty
2t

1. o] A1 %1

E580 =2 Zk7} 1.09+0.08 ghkg, 2.69+0.11%°]oH, 7H =& EGS Ao = 724
+£0.15 g/kg, 17.03£0.71%°] At}

2. TFHUA AL &9 9 ¥4

Ul A 5 Ao EQF Ao F 42 BElF7) & BEEHeH, I F M anisopliae
(452%)7F B F8S A5t JQo.W, B. bassiana (42.9%), Metahrizium sp. (9.5%),
Purpureocillium lilacinum (2.4%) 2.2 2] = Y THTable 2). Z& EYAA] B. bassiana”}
THEACH, & HEAE AGoA = TR Fo LU o] Y EUAN &
H FE8 ALY EFolA= B bassiana®t w2 = A U 5 A Yo b EF F A
B EYOA 14 EEFE P B HAA 2lito] EEElem, ALt
Ao Bl 47l EelF(isolate)= 7HE 2 Zlto] ] ATh

ro
rH
of

Table 2. Number of entomopathogenic fungi isolated using the insect-baiting methods
from the soil samples of 5 regions

Species
No Natural Mountain ] — — Total
Name Beaul./erla Metarhizium sp. Metgrhlz.mm Purgure.oczlllum isolates
bassiana anisopliae lilacinum
1 Bibongsan 2 - 4 1 7
2 Jukdobong 6 - - - 6
3 Wansan park 7 2 5 - 14
4 Jeamsan 1 - 3 - 4
5 Dalmasan 2 2 7 - 11

3. TEHUA AL B AU B AlEsE 4

TeE 42 B ITS F99 9714 ES v’ 22 NCBI Genbank®l 5% 2ZH A
A T 98% ©/de] A S BAth AlF B £4& Fal Metarhizium 45 E285
7} o]l B M anisopliae®} 22 2~E] ¥ (clustering) ¥} .M, Beaveria <& H-2]5 =3

olFMell Ra1¥ B. bassiana®t 21 2~EE = A thFig. 2). E2l® ZE E8FE bootstrap %k
o] 100%°.2 Z+Zt B. bassiana®} M. anisopliceZ 7= 02 M, B. bassiana®} M. anisopliae
215+ NCBI Genbankdll 558 ¥ & 519 Alew o2 EFFHJUS Beaveria & &
gl 4] skl AlTTor ERHANCH, Metarhizium & 225+ 6719 3] AT
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£ Beauveria bassiana ARSEF 1564

tid
BRNU 677844 clematidis BRNU 677844

0.050 0.050

Fig. 2. Maximum likelihood phylogenetic tree based on internal transcribed spacer (ITS) gene

of Beauveria spp. (A) and Metarhizium spp. (B) isolated southwestern forest region.

The ITS sequences of B. bassiana ARSEF 1564, Isaria sp. HB0201, M. anisopliae ARSEF 7487 and
Paecilomyces clematidis BRNU 677844 were included as outgroup species. Bootstrap analysis was
performed with 1,000 replications.

o8 FREAUT LFHAA Mo Exo EY 549 FBAAE £4317] #1380 pearson
FHEAES AAS A, ESY fU1E 33 T dado] oS E Bwe 7Y M
anisopliae7} F-2] F 0 2.1 (1=0.899, p<0.05, r=0.886, p<0.05), X EZA HENA ZZFHAA 2

ol o] #elE Ao] 1= ATHr=0.943, p<0.05).

=

v.on #

T E¢foA FE EEE 2% w2 B. bassiana, M. anisopliae, 1. fumosorosea &
1O ™ (Shin et al, 2013), & AFANME =2 M anisopliae®} B. bassiana’} 22 = T
AR S T3] S8 ITS Y-S AH8ste] Ao BERsta glom,
B. bassiana®t M. anisopliceS F-2]3t=t T2 AME-F 31 AT Garcia et al., 2018). &
ol A ¥ Metarhizium sp. T8 FE M. anisopliaze ZB1TF <A BAZE 3o o] &
EE o] 7ted AR FHHY, EEd EE 759 AEd sHE A=

Fof thpd QB 54 5 F7hE 2AY Bast ok

ol

X

qr e Jlm
4N

?



102 EERE BN

M. anisopliae®} B. bassiana= +FHUF I T B2 FES A5l 9lon, &3]
Metarhizium 452 BHAT 258 & 20 AL F o] gt 239 Bl A4
T Ud%leon, ojyd EAHO = Q&) e #F9 w2 FES 2|33 tH(Bueno-Pallero et

al., 2020; Horton and Bruns, 2001). EFol|l A 3L 29 £3x= EA, pH, 259 &
< 540 8% A9FL st o, frlE FEFe FFEEA JAeH A AT
gdds 1T 4 e 24 F sholth(Klingen et al, 2002). =2 F7]1E HFS EU
EoF2 At Erpitollon, S50 7 B fUE S Bk e OE

z=5
93 2] B. bassianat EE]H A0 2 Quesada-Moraga 5(2007)°l WEH B. bassiana
o A5 3e fUlE FHE VA EF Bl ExsiH, o B4 =
PR A F s sleE ddd O]E}. j—{‘lﬂ A AL g 2 AR
E¢o g 4 A 539 B pHE 43 23 45 % we pHE B3 oH, pHY}
Aid oz v nl54ky dulike] 78]—?— B. bassianal"%_q M. anisopliaeﬂ O =2 H&=
FE AT 23 AY Ade J
okoﬂf\i Z A e M anisopliaef’/] a5 4-7.8 ZJEP/] pH EZﬂ‘)ﬂ/ﬂ Bxs 4 9]
S 2 B. bassianaB Tt 23 E o & AT F e EAS EUT(ssaly et al.,
2005; Padmavathi et al., 2003; Quesada-Moraga et al., 2007).
o] A5 Tl EYS EAH ZFHUAN Iy BEE Y AAAATE FAEH AT
SHAIRE EQF WolA 238U e B2 9 tfds olastriddl @AV o, &
is

Ao AFEE =017 fs) =W v

V. d (+]
2 =7odAe U A A9 EolA AXete 23R YA XS insect-baiting ¥
HE o] 83t EEstaal stglom, 25 AR v B =84, 3384 547 o
AE EAstA st = 4 A9 532E AASIY EGS Ao, e EF

oA F 42 HElFE eIt I T Beauveria bassiana (42.9%)S} Metarhizium anisopliae
452%)7F F2 EYFHANCH, 53] M anisopliae®] EXE= EX F AT (gke)d 771
= Tl wet A= Zlo] AN T AR 2o 2 Eoo% @$E pHE HA S
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