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Influence of Pre-treated Eco-friendly Agricultural Materials on
Control Efficacy of Isaria javanica Isolate against Sweet Potato
Whitefly (Bemisia tabaci)

Lee, Byung-Ju - Han, Ji-Hee - Huang, Jeong-Hwa -
Kim, Jeong-Jun - Lee, Sang-Yeob

For effective control of insect pest which can outbreak in a field during crop culti-
vation, various control agents such as eco-friendly agricultural materials (EFAM)
including microbial control agents and chemical pesticides have been applied at
fields and these control agents may be treated simultaneous or sequential in the
same field to suppress diverse pests and diseases. The agents may influence each
other and control efficacy may also differ from interactions. Therefore we need to
test compatibility of microbial control agents with other agricultural agents. In this
study, we investigated influence of pre-treated EFAMSs, which are registered for
whitefly control in greenhouse, on germination, mycelial growth and control efficacy
of Isaria javanica isolate against sweet potato whitefly. The results showed that a
mixture of paraffin oil+cinnamon oil among 4 EFAMs highly reduced germination
(8.9+1.3%~24.5+0.9%) and mycelial growth (0.81+0.01cm~Ocm) of 1. javanica. To
investigate the effects of the treatment interval between EFAMs and I javanica on
sweet potato whitefly control, four different EFAMs were pre-treated 0, 1, 4, and
7 days before applying I. javanica. Pre-treatment of four EFAMs inhibited insecti-
cidal activity of I javanica against sweet potato whitefly. Therefore when EFAMs
and a mycopesticide using I. javanica spray simultaneous or sequential, application
of EFAMs need more than 7 days interval after treatment of mycopesticide at field.

Key words : eco-friendly agricultural material, entomopathogenic fungi, microbial
control, sweet potato, treatment interval, whitefly
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S 7ol (Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae))= EUIE, 113 714, &
o] 5 600 AF o] 21 E(Oliveira et al., 2001)2 A% FF3AY 2] Enlo]2} 2L v
Mste] 2 Il E F= FAHZE mj$ F23 sl Fo]thJones, 2003; De Barro et al., 2011).
G 7EFol = 2471R1 9] AEFH S VA ' ALZ LEA I 9 2 H(Perring, 2001), ©]F
AEY QElde] A MAFCE Bx=o] & & F Ut FlolA FHj7tFo] QE
Y2 2005 0], A, Bz}, EvtE o] AuiEs 2o HEE dHEgeH
(Lee et al., 2005), 2007'd FA| A4 WA 7} B ILE A THKim et al., 2007). 7F7olF/F A&
AN A= shehsernt olyet A5G ARE X33 s 13 F715 AR A
3 QO LK(Li et al.,, 2004; Samson et al., 2005; Isman et al., 2011), 53] Bulj7}Folo] H$
ofA|o e A o] wfg W} WAl E AH RS A2 Ak WA JFFolF W
AE AalAe AFAE deo 87t gAY F& =2 HAA e 1 o] 8 o] 8

o =2 BAE S8l M, vlole 2, 330 T PlAEC] o] &5 o, &

< FF5A A WAE S EFHAAE T8ol7F B2 vgtolA AREE I
AUTHSundh and Goettel, 2013). FHi7}FFo] WAlg o2 A3 FFHAAY FFo|EE
Beauveria bassiana, Isaria javanica 5 7%°] B35 o] ]S ™(Zhu and Kim, 2011), 3|2l A]
A2 =] B THRolR/ Al WAE Hd FHHoE s AR A=
FPo] AFAZE 424)F0] ¢HA JTHFaria and Wraight, 2007). L&} &Fo] A=A =
o] &3t alF WAVE v PANA A HAETHeE o] &EHE AL oyt dE E9,
2 TFY gshsors, 53 AEW WA dukF o g AMREHE BRI AdAe 2
A FHolo= Fafsitial X E A THGatarayih et al., 2010). A5 AFA 9} AdA=
ZHA | o] 8= B. bassiana®] % B4E AsfstAY AQ B F S JAS=
b

o025 ¢HA Uti(Kouassi et al., 2003a, b; Thompson and Brandenburg, 2006; Shah et al.,
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Folot & WAL 4o RgHow Agste] AFA A
Rom, BA a&S FTVHA AT AR T A slEhs
=UoEN FHFHS TAaAZ F UTHMohan et al., 2007; Al-Mazra'awi
et al, 2009). ¥+, FRWES WARE 2 =5y A A £8& F38 9 A T/
o) WAAE Etste] x| e ot weba] A, AFA, wAAE AR G

© O BallF YAE 93] sAld B wAHo R AxE 4 ) mekA] AEH
a5 3 A (integrated pest management, IPM)E 9|3 A= & EAY = WS W
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= h=4
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B AFE ] GujrfFe] WAgoZ Awd ZFHAA FFo| Iaria javanica P04
TF(MAAE FEH S  KACC3122P)7F AFE-E A TH(Zhu and Kim, 2011). I javanica Pf04 <
T A8 A (Patato Dextrose Agar, PDA)oY v sl 4E BAYZAE 3t
10% = AE &l Hof 80Tl BA ATt #5= LA PDA #iAe] E, 25T

A 10-159 HlFste] EARGAL wEo] Al Agsith. ARG T} P4

el 5 mee] BFH 0.01% Tween 80 €4S Q1 Fe|IE THE Fo] ZAE 3

=l

T T AZE A Ax3ATE. ZAIEH ] F 5= hemocytometerE ©]-&3to] A5t
I a3 w59 &L AxAT

2. A% 5

_—

a7} ol (Bemisia tabaci)= = RERAATY FAVAEH ASASAQRSEIT, FF7

(s}
14h L: 10h D)ol 7HAE ol §3te] Ful Agsleith ARAAS 9T 4FS 25 A%
| ZEkxE Aol IF 40¥H THA S} oS D 18AIZF FF S w2 & A
& R AL 25U%E AHgstel 981 59 olel F& WE F ALgadth
3. I javanica @52 ZA} wtol vl A} AAbol| dist A-ZA9] o3k

AAA A A 7ol WAE 8] 558 AEFEES o83 459 T WAE
A 7718 AA AT 2L (94%)+ A1 L (3%), (F)FoNH), B(HHF1(43%), &=
T FhEnbolR), C(HFE=B%)T 7 LY (44.5%), (F)°Fe] 2B ZALO|I =58
oh), D(AF(95%), (F)th-7)7F FHi7kFo] A2 558 58] o8 I3 7]
EAANL javanica P4 ©1-§)e] EA} dol Bl A} ARl PR FEE AFSHAH. Plo4
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Fo A ool pAE GF 2AE A3 AIA AFF 439 4715AAE DA

0.05% Tween 80 &4-E o]&3al] FHFE, FHFE 26, 12 vjA ] §HS A =3}
EAHEA(1x10° conidia/ml) T ?E%L’é‘l-ﬂ 1.5% agar ¥l A|(30 mm Petri dish)°ll 10 x¥ HF
3ked 251 C ol A 16413 Bl kg ¥ lactophenol cotton blue 848 Hojrme # S A A
ANz & BN S o] &ote] Wols& AT FA e X8 Ul s AR 9
shA] o= ]'63‘3’1“’—“1(“105 conidia/ml)S #1¢} o] HFste] Lol&S AU 24}
Wolyke] do|7} Zape] 3 AV 2 otk Ao w ZARSAT 200719 A7}
S o EolA AL, 3 vHE T 3719 S0l ES AT B AEe 4V o
I wjgs o]&3ste 339 Z7] g Aol WHEEH A

7hFol WAE I8 F71 ATV L javanica FT-2] TFAF A7l PR = Pk
st7] ffste] Za ol Ao ARERE A FLI M FrlEAAY v 1
AGgAE AHEAT 2 w59 W8 frlsAAe} 2Adgd s Ef3 F 5 4

FN(ZEA HFFE 1x10° conidia/ml)2 1.5% agar Bl X(90 mm Petri dish) 54l HEsh
2551 CollA 7L v Fst oh A A37-E digital micrometer caliper (Spark Fun Electronics,
Niwot, Colorado, USA)E ©]-&3t ZASIAT FA 2+ X8 F7lsAA o St &
£ ZAHEN(1x10° conidia/ml) S 912} o] HFsle HAF AFS AT £ AP
H

IHE T 5708 O e FE0lE o] 8ste] 38|19 »E Al7]l A
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A AAe] B AZrel L javanica w7 BHi7FFo] A&l w1
© FFS 2AEH] fste] gull7kRo]l AFE ol&ste AEAA S STk ¢ AFel
A d 459 7HFo] A EE frlsAAE B 0.05% Tween 80 842 o]
g3t FHFE} FHFEY 2jd o g A xdte APEFI|E o83t 1593 7%
T Ak 18A AR AP HAE ZHE AN 244 0, 1,
I javanica EAFEEA(1x10° conidia/ml)S 5 me® 5 xgsta, F3
5% Tween 80% % Astth 84 F71sAA A o, 1, 4, ==
do] Hed 7= AoA 1AZFESE Azt EetE KA
10 ecmx=°] 15 cm, 72 A7 3 cm®] WALZ G FHo] Aol B 3} 5 9]
o] gufjrtFo] 45e ZF 20vke] HETe Aok AEAAR S FuivtRel AF3 A7
S0 e ZEkH AoAE ?‘z}i@(zsﬂc F57] LD 16:8)° = tE E2t=H A
0] 2] (40x40x35 cm)oll B 1, 3, 5, 79 Fof| GujrlREo] MELS ZAEAY. 4 )
A Al sEvnitk 3579 ﬁi—% AEHAA o3t om, 33 247 & Al7]el
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5. A &4
] zte] zpo]= SASALS]l B4 371X (SAS 9.3) 5 PROC GLM2 ©]&3flo] X5 Ath
TAe 2t 4 e TH3NC] ASHAOH, frolF Aol 8 ol Aol thalA:

Duncan®] ThFH| L E o]&3le] ALE A3t

M. Zdx o 03

o220 Al Al ZHEoll A EA17F He sl FQl "lvhRolE WAsky] f8 =uol
=25 7l2o] WAL 234 °7]lr=x}x}]9} Gl 7o) WAl g o2 JaE ZSHAA &

3
N
ol [ javanica ¥+ TE71s & dAdstr] st 4T IEAE {1 AATL L
Javanica 72| EA} role} AL *372}01] n X g, a8 13 {71 sAA e 4}
et o] A HFol| M2 WA EAE AR AT, dolg, dAF A F Ao v A=
VL I F71sAA S/l vt e R . L javanica 752 T 2] v A ol A &
o8-8 oF 100%, A AFL 0.91£0.04 cmQ) WA, AT 2 A+A| T 2 ) #7115 AA
E FHEEY 12, FHEE, T2 2v] 233 wj Aol A9 Woh&-2 ZHz} 24.540.9%,
14.8+0.9%, 8.9+1.3% (F=1857.56, df=11, 84, P<0.0001)ZE I. javanica T+ &ol= F71%52+
A A2l BE FEolA JAEAKTable 1). #AF AR FHeE 12, FHFE, FHF
=9] 2ufoll A ZHZ} 0.81+0.01 cm, 0.45+0.07 cm, 0 cm (F=56.51, df=12, 289, P<0.0001)& F3
=9 FHFEE 28] Aol FA 9} vluste] folsiA AAEHE AR ZAEAG
(Table 2). B(HIF®), C(EEZE+370Y), DAIES) S715A449 5o W |
Javanica T52] #HolgL Z+zb 92.6+0.3% ~ 96.4+£0.2%, 89.9+0.4 ~95.9+0.2%, 86.0+1.7% ~
95.140.5%% F-A2|e} Blaste] foletA At o, A A4S 0.8140.02 ~ 1.0+0.03
emZ T g9} vlwste o)Al it A8 o2, {75 AA A A9 B, C, DE
Gl 7tFo] WAE 8 AMRE= I javanica 4F] BEZ A TS vRA| = A

o2 ZAEITHTable 1 and 2).

=go] 22 wot= Fgol dF Aol oA T IA F skl A F &
H A ATHAL et al., 2012). LFHAAR TBol& =2 == 353 =43 At E2;
o] JRE Y e HEAG EHo] AAHAY 22 A Myt AP0 = WA H o
220] 715 Q1A AT ol JfA AsTt FFS e R BIHITHAL et al,
2012). LFHAA FFolo] Al e S FBolo IS gl et t2A U

E}stth(Shah et al., 2009). T Moorhouse 5(1992)3 Bruck (2009)°] w=w UX A= 9}
AdAlE 25HAA 30| Metarhizium anisopliae®] EA Wol&R T AL Ao o 4§
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Table 1. Influence of eco-friendly agricultural materials with different concentrations on
spore germination of [ javanica isolate, which has high pathogenicity to sweet
potato whitefly. Means followed by the same letter are not significantly different

using Duncan’s multiple range test (P <0.05)

Germination rate (%)
Eco-friendly agricultural : : . : :
. Ratio of recommended concentration of eco-friendly agricultural materials
materials
0.5% 1x 2%

Control 99.9+0.8 A
Paraffin oil + cinnamon oil 24.5+0.8 G 14.840.9 H 8.9+1.3 1
Vegetable oil + emulsifier 96.4+0.2 B 94.5+0.2 BC 92.6+0.3 CD
Neem extract + sesame oil 95.9+0.2 B 92.2+0.5 DE 90.0£0.4 E

Canola seed oil 95.1£0.5 B 91.3£0.9 DE 86.0+1.7 F

Table 2. Influence of eco-friendly agricultural materials with different concentrations on
mycelial growth of [ javanica isolate, which has high pathogenicity to sweet

potato whitefly. Means followed by the same letter are not significantly different

using Duncan’s multiple range test (P <0.05)

Mycelial growth (mm)
Eco-friendly agricultural K . - K
. Concentrations of eco-friendly agricultural materials
materials
0.5% 1x 2%
Control 9.1£0.4 ABCD
Paraffin oil + cinnamon oil 8.1£0.1 D 4.6+0.7 E 0.0+0.0 F
Vegetable oil + emulsifier 9.1£0.5 ABCD 8.6£0.4 CD 8.2+0.2 D
Neem extract + sesame oil 8.4+0.4 CD 9.0+0.2 BCD 9.84¢0.3 BCD
Canola seed oil 10.0+0.3 AB 102404 A 8.9+0.4 BCD

TJole} AL Aol BF AA =Y, AFA 9 fjRre A
A ¢e Aoz ZAEJATKKim and Kim, 2007). T4 5% ?4_ HAAXER T A
B F71EAA] E L, el 2(derris, 3% 4
£ @ ) FEEA 24 FEEC A3 I o] AAH S h(Park et al,, 2012). o

= W A &R AHEEE e TN R FE
J R

Wb 2 FE RO ols) 4 Bolsh #A 4%
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o] AAHN oY, F= A AHEEE I FEE Y HETFEUT FEE Y
A= olnt JA FH Y THXie et al., 2016). BHl7FFo|
v 9 FEE FE 0.5% olFolsde 2 o}, #AF A
‘3}9/] SoAe FFo] glo] % o|EHOE JIFE =
, 2010). B AFNAE 7FFolF Al ASEI e AEFEE ?3_‘3?}73 718
Z}Zﬁ«l THY sxol wet gujrrFo] A8 F30] L javanica®] EA} Eope} AL A%
of HA= FFo] & ALE AU
374 F715AANY L javanicad =X 54U EA Wol&3 A Al vX = 4
ofyegt 8ol W& EujrtFole] MAAHE ZAS] st X8 frlsAAE
7¥A ol A&k = I javanica 775 A 2lste] FHj7EFolol tig WA EHE AT
L javanica 755 71547 AAGHJAAY £ AYHAS A T3] #4579 &
of = A S At AFAE AYstae g@uizkRele] WA 2t SE A
o2 7SI 22 HotE JAskE fUIEAA A (FEAd+AT 2 d)y7F AEE T
A= IAAEN A= A2 (77.8%)8 AFEC| A+ javanica T A2l e] AZFE(39.7~
58%)H.T} = THF=1.96, df=8, 72, P<0.0643) (Fig. 1). °]& 3 A3}t 7}A o Agd F7]
A A7} A EA TRl ZFF3H I javanica T2 oot RS AA S AE FE
el FrlEAA e AR 7)o BARle] B A W& FsadHnEs AFA X3
o7 FAAL dFol ik Fgko] AUY B, C, D AFA} I javanica #F2 EAE
de TY o A (VE-PL-ODBT)SHE S wf FHj7tFo] A4FE2 242 57.5%, 41.6%, 55.2
% (B, F=12.77, df=8, 72, P<0.0099; C, F=2.22, df=8, 72, P<0.036; D, F=2.59, df=8, 72, P<
0.015)Z 34 F715AA &5 2 2](40.2%, 33.2%, 49.5%) R0} ko TAHE Y o
5 Agite Bttt Ty I8 1A A 4 B 7Y § 530 AP Al AF
ol @5 AHt £& Zo08 FALE o FHjrtFolo A #HYE sl 5E Tl
o 7S 479G S Fa AEZSE Zlo] AEFHY R *3”5“3} 71 2A 9
g 74 &9 28 E Fo e AYsAe o, A+Z2AR Ao AFES
= A B} wol AY Ao i I SR AFER 7%\_?} Ao & Add) f
715 AA B, C, DY A-F HA g 7|3te] gSTE AFE FsaHde %‘7%3‘}‘4 A 7‘4?49}
TR 2 B AE ade HolA| °}9,k‘:‘r(Fig 1). o] g A=
SE0] Ag & ElAA Tol & \117} A e QASHA] Zdtke W3l -4511 Zia]
Fgo] #Fo FalstA ZEste] AF5E FSEAI ARFHAS AoE FEHHT
=20 AFAAE F, T3} m‘*ﬁi‘f}— A E WA= A3 Verticillium lecaniisS ©)-&
A, B ATAQ Mg 7d Ao m A A G E Ao GEFol flo, T
Y =394 v AP Al JAWE A B30 7HAF A THGardner et al., 1984). W

sl PAlo] F2 o] g E ABFEE f2 471EAA(C, BT Er P 2 2

Mg 2

&

N

JE W, ol
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&, AT+ g FEE, aaHE 2 FEE)s A 713l #AIRlel B. bassiana
GHA ¥F¢] 45&48& Asistgou, 14 F55 55 ©&F a5 PAE F71&AA
Ax ZEo GHA A= Aol A g 7|3tel] dA ol flo] A4FE FsaHE BAHXie
et al., 2016). FH=Zo|=of A& 27| 739 FFO| B. bassiana®t M. anisopliaeS;
A T A Al 2] AFEC] 30% BE SUFeAL A% AR 7HASS TH(Farenhorst et
al., 2010). 27]l AFHo] & M anisoplicze= '8 r(neem oil)9} E33le] g Al A%
o] ZolX= AFEINE B ITHGomes et al., 2015). FHEro]S-of HAE Q5] =
Hirsutella thompsonii®} Al+e] er&d 3 &3tste A2 A A5E& a7t
TH(Krishna and Bhaskar, 2016).

A‘ 100
a a a a
= S EFAM-7DBT
&
S BEFAM-4DEBT
© -
I b O EFAM-1DBT
g 50 DIEFAM-0DEBT
E b X ::E & EFAM+Pf-7DBT
© 5 F = & EFAM+P{-4DBT
s @ 5
o 3 o @EFAM+PF1DBT
bt e
o : 3 % BIEFAM+PFODBT
Vegetable Neem extract+sesame Canola seed extract 0 P04
oil oil+emulsifier oil
B 100
M a
—_ & EFAM-7DBT
&
5 B EFAM-4DBT
=
g & FEFAM-1DET
g s0- 3 % e O EFAM-0DBT
B !
2 $ N SEFAM+Pf-7DBT
g & $ NS
EPTIS 3 R £ EFAM-+P£-4DBT
5 s B 0
o : =8 i KIEFAM+Pf-1DBT
. o
oA , 1S | RTINS | SEFAM+PF-ODBT
Paraffin oil+cinnamon Vegetable Neem extract+sesame Canola seed extract U Pf04
oil oil+emulsifier oil

Fig. 1. Effect of treatment interval between /. javanica isolate and eco-friendly agricultural
materials (EFAM) with the recommended concentration (A) and twice of the recom-
mended concentration (B) for the control of the sweet potato whitefly (Bemisia
tabaci). Means above the column followed by the same letter within a EFAM are
not significantly different using Duncan’s multiple range test (P<0.05). (DBT: days
before /. javanica treatment; EFAM-XDBT: only EFAM treated 7, 4, 1 or 0 days before
I. javanica treatment (means that bioassays were conducted without /. javanica trat-
ment); EFAM+Pf-XDBT: EFAM treated 7, 4, 1 or 0 days before /. javanica treatment).
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sto] A2 ofAlY] BEE
o F= 7A4°l A% T&EMI e A & 712 B ANA A
AL 3L QU FoER Bk AAH REe E Y 5 9L gtk ngE 2
A 23 S& el == S5 AdA AEE Al TdRt WA PAAE E83
o AgEEE AErt FABGeIA ool glonk, Zzke] wRA B3 AR 5
AR 7E v EA 2l =2 S0l WA matol| vA = Gl B Hils BA B2
;Go]r,} o]a{d 7%,}‘?- &st}oﬁ = m] 7} ] 01.
A7t gurbRole] e wAlgor JEE o] dFel AN dFES vIAA
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S5 N8 FrlsAAe] [AA 27t
A & H3H NR Isaria javanica 2] EA} drol, AR A% d8]a WA
g PA = IS AT 2 Ay, GurbRo]l BAS o2 oA A I
Javanica T 45 (A, AL Y+A T 2.Y; B, U7 C, @FEE+3M2Y; D, NS
o] 7}FolfF WAlE X3 AFA F A AFAl 2d] EA ToK8.9+1.3% ~ 24.5+0.9%)
S TA 23780.8120.01 em~0 cm)©] FAF AT FH|7EFO] WA NAM 8 775 A
&} I javanica Akele] ¥ 7HAo] nx= &3 ZAE Y3, 138 fFU1EAA 45
Javanica 77 A 0, 1, 4, 79 A At BA aHRE ZAEIAT XE %ﬂil}zﬁ
A= 4F 2F 1 Javamca-4 Gu7EFol WA ENE HAAAT mEkA Tl 55
7FRol/ HAS X3 FrlEAA 450 MEE F3o] AFA L javanicas s EBE
EAA 02 o] 8T AG, FEFFS At 7Y oY HAE Fa AxEsh=E Zlo] &

4
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