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ABSTRACT. White grub damages various crops, trees and they can also be one of the most serious pests of turf grass in golf
courses. This study was conducted to determine the biocontrol of white grubs with 18 different kinds (anise, camphor, castor,
cinnamon, clove oil, citronella, fennel, geranium, lavender, lemongrass, linseed, neem, peppermint, pine, rosemary, tea-tree,
thyme, and turpentine) of plant essential oils in laboratory, green house and field. Anise oil (88.9%), linseed oil (100%), and tea-
tree oil (88.9%) were highly effective among tested essential oils against 3rd instar of Bifurcanmala aulax in cap vial experiment.
However, anise and linseed oils showed low mortality against 3" instar of Popillia japonica in pot greenhouse experiment. Efficacy
of anise, linseed oil, and tea-tree was also different depending on target white grub in field trials. Correlated mortality showed
32.6% only in tea-tree oil treatment against pupae of Adoretus tenuimaculatus however, correlated mortality of anise, linseed and
tea-tree oil were 54.8, 51.6 and 56.5% respectively against 3 instar of Exomala orientalis in the field trial in Adelscott Country
Club in Hapcheon, Gyeongnam province.
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M B %0740] M2} o= 9l S0 chPotter, 1998).

Aol Tt |, a5, T2, AE, 25 5ol 2]
& F31 ¢J=d|(Ali and Elmore, 1989) &= =8
w3 aglo] shtz o] Ajujz|] 4 65 81} 13%
#jzo] S F1 9al(Lee et al, 2014), 2| }e} &
1 2F Zt] o)l A= 6% 103} 28%(Choo et al.,, 2000)0] H11
I o], 2xA FoA= o] F ol 15

4, Y, BA SOl sl ol gEH 2 T B84 wllolof ofek w71 ARk HeltH(Choo et al., 1998,
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2000; Potter, 1998; Lee et al., 2002).

T2 wHolE2 1ol BelE hefiste] [ E
TAMIZIAL B A 7Ie AL FE RIS 2 of
WEEEO| oI5 ur] lelo] WTl S TalAE 2442
3= Yo 7|al ch(Potter, 1998; Choo et al., 2000; Kim
et al., 2009).

Seluyet 2ol Ae] Buo] WAL o saky
Aol Sisk slout ore A4 753 @40, o
AN HAY 2+8-9- 2] © 7)1 Q)t}(Jackson, 1992).
b FOIFE TN Yo A FHow e
7} sl e Q5] ZalEo] uolzl ALt A, Al
T30, YdBAE, d%ﬂr & BEA PARIAREY o&-
of Il A7} &rs| A8Y=E|a1 Q) (Jackson and Glare,
1992). E3F A4 FEAQ ASHESAE o83t siF
WA = &dEs] A= a7 )t (Weinzierl and Henn, 1994).
£5] 4BA Jot H2 Selueeld AsAsAel 9
7 B2 ZA Wo| o] 8% 11 9l o (Ha et al, 2010) UH=
o5 WAA = A 483} Hof o]-85aL itk (Weinzierl and
Henn, 1994).

ABARE ABAL AP AN S
F A7FEolv 4, ot=utE|ety] o8
9t Fatolu A aE 7FAAL 917 ‘IH—E*Oﬂ OH-g HEA|A
29| o] g= ZT W TAS JH ik (Buchbauer, 2010;
Franz and Novak, 2010; Noma and Asakawa, 2010). A A=
g Aslalat fel tfa gal4el HomA A%
ol 9Pslr] mhie] S ore] Al B4R ol
A (Duke, 1990; Isman, 1999).
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Algo] o] g5t FHllo| 7= Eﬁ%%olwzfurcanmala aulax)

2 S LS Z 1l o|(Exomala orientalis), )53l o|(Popillia
japonica) 5% o HGT] FEEYo|= AFE MY
SEA] A =2} ol A Z st A Sk Ao ARA

2 7hA9} 15°C §-27]o] Bk shulA] ALEST, S

Fole= o) ks ofdATE Ao A YRste] A
Aol A7t Bt ¥ AZE AR St o] &5l
fFFo| 52 vl AE7]|SF Lexington 12| 2]
e R A skl ARESEl=T AT wHlol= 9 E
U3} A APARZ TFA L} AT} 50:500.2 E§skal A

25A] = AHE AN dFd F¢ 4C F27]

of E¥t shHA ARESIATE

A1 55+ anise oil, camphor, castor,
cinnamon, clove oil, citronella, fennel, geranium, lavender,
lemongrass, linseed, neem, peppermint, pine, rosemary, tea-
tree, thyme, turpentineE (5) KCPZ R ¥ FFHtgtct. 2f
redee] FeARl Blol 2 A B A (KHS-113) %=
() KCPRE] giuot Aol o] g3)gict.

MU BN

A7 2emx 0] 55cm] cap vialo] 10 g¥ €I, AlFE
A APl A A FH g APt X BEE 1em A7)
& Zf wolg ol ik of7]of ap oA Ht &
=¥ 90l 38 F5= o nhed Wi, vlo] A AHE A
(KHS-113) 0.1% -5%=2] &=°f 10008} F%=& 3]4|5}o] 1 mL
2wzl o g HEstgt AHEAA (KHS-113) 0.1% %=
Ae| ol AT Fo). Buole] WA WA
st Ael & FA4S “EsHA AT F 24°C 7]
3 B0 ANGEE 24 8740
2 39 ejsholt.
A= é% T AgolA Folo] disl A5 axtrt
©H AH8E = anise oild} linseed oil, tea-tree oil& o]
of wE ANETE At 22ke] Y5
500, 1000, 2000, 4000, 8000 s== =2 3| Aslo] HE3=d]
o] 33=& tjato 2 A=SAdL AAFYTE ATl AR
A% 7 L83 SAA A2 sk Aol 2ac
ezl BystwA 1, 2, 353 T AAGFEE 2ASHICH
8719 vial& gt HHE0 2 3ukE X 2|5}ict.
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anise oil¥}t linseed oil2] v]|3|WFA] Ak
16 cm, =°] 11 cm@] potol| 4] Al
21318 University of Kentucky2] 24]oj
242 25°C Yol2 #e=ar ‘21‘212‘31
off oJE3IATt. 7 potoll= meljet F& 2

I & perennial ryegrass ‘Palmer III" & z(Fayette
Lexmgton, KY, USA) ASt 4 g¥ T} 3F &, pots
g trayo] Y1, 3cm 0|2 B A pot Yol &

o |
it
o
Jo
ofi
o W

oX o,
Sk e 4o

2
B

tlo . %

4y o M
+o Ml
=

> 2
i
o,

HU ofd 2 ot o Hir
i
2 &
oo &
24 if[%
o:-l 1@4

¢

for
L2
r°1'

see

il
I
l>



Agae] Faolol the AEary 131

o] &3] FHE =S 3FQITh. RyegrassE 1597t 7] pot
off ool Az sto] WaLe] Byt Fold HFFE ol
39% 10 S WAk Ith B o2 dFado]
Zol b8 At AS FRIgE & Hjo| A HEIA|
(KHS-113) 0.1% 5%=9] anise?} linseed oil 250, 500, 1000,
2000, 40008}= Z} pOtoﬂ 615mL (4L mH¥ 7138 25
7|18 115 Abxstih AHEAAA 7L viR= gFE Yot
H7] fsto] AHZAIA] 0.1% 3|4 Hut Agt X 2E st

Qow Lxjel Bk AEsEer. 7 potd 2] 3570 pot
o] FollA FHolS AAstel WE4S 2AFAOH B
el pots @ wE.ow sukEow Sasiglrh

LA Eo] S50l HAUES] R Aoew A
Bzoggas z4Eo] 9glch 20108 8% 991, 50 cm x
50cm Z7|2 APGE A o F AF 11lom & AER
AU =S ZARICH APAYE AL & anise oil} linseed
oil, tea-tree oil, H]o| A AHEAI A (KHS-113) & T 20FA]
2 ethoprofos 4 HelE SHITk. AIBARLE 10000
w2 AREAA 0.1%9} Bo] 543k EWeAR 4L m”
A2)atlal, YAl dFF(6g m?)OE AT Yo 1L s
By 2k 2= e R ohglal, FA A= =5
Aelstort. Ad Fde] i 2% 35°CHaL, A7 o
24 395 mme] 7327} 912w o] ol 99 mm, 0.1 mm,
37 mm, 12.5mm, 22 mm<] 797} it FGE2 A
720 % AP FAjRh 5RO R AERE AR

TUSITY U¥ 4

20109 109 7 EAU 2 2AE ofdIATFE ZAF Hill
T 8 PIEZA oA FUEFIC] 5= R 5
ket 2007 7N & ASo w2 wo] mafrt AR
Ao g oF 200m* HLe7t wHolof oJsto] wiE L
0k Imx Im 7|2 dalon Agvs 448 7
Aro 2 30cmx30cm A7) 2 Zo] wA-S wfjo] o)
of WERAE sielch ZAE BHolE BE 5USEY

o] 38 =0]9it) W XA} & anise o0il¥} linseed oil, tea-
tree oil, H] o] &AJ A HEA A (KHS-113) #] 2|51, A&
A= 10008 T2 AHEZAA 0.1%2} =of 345}
EWe)ZS o] 85le] 4L m? Asgich A5 EF AL
1420 F o] A WE ASHE e Hof 4] Ry

oAl A o]-&slo] APHEE 2ARR}; FUTH HHo R =
Wo| 58 ZASIAE. 108 721 A 1altte] A
¥ WAl 75 BE 25°C WelHo s 109 82 10mm,
102 9¢ 0.5mm, 10¢ 11¢¥ 05mm AE9] 7ol QL
ot BukEo = asieit
SAHEN

Z¥zye] A A= arcsin®H2HA]# Duncan’s multiple

range testz *A|2|B7t XJolE H]ul 31T} (Statistix 8, 2003).
A= arcsinVHBPA O] Zho & slo] PFRFHEAE
b it

2

Al e 43

Ao o] &3t AEHTEY FETHol 385l gt
A At A= heFst ik (Fig. 1).

152}o)| = linseed oil¥} tea tree oil X oA =& Z|A}
&5 Belon 2330l anise oil®] AAHEE =4 UE
St 3FAtol| = 202k vt oM Ealew 3t
Al AP A2 23R e 77.8%2] H|wA] =2 AL
£& R olth(Fig. 1).

12} Al of| 4] A= a3t} &=9FH anise oil¥} linseed oil,
tea-tree oil®] SEEolof 5t = A= Lo}
== A 2L "olsith(Fig. 2). 2] 7Y $ofl= 1000
v} A 2 7FARE 50%0]/49] A AR H LAl 149 Fof
£ BT AR woH, 1000 ol FEME 37
o 66.7-83.3%2] AL H 9t} 5000} 100081 H
2 AAEOIA 2 Aolg HolA ket W, §31E 9
to] AREEE SOl A AME A= wolof thelf =
Io 24 Bl

ol
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Mean % 3rd instar B. aulax mortality

o

Anise
Camphor
Castor :
Cinnamon N
Clove i
Citronella
Fennel i
Geranium
Lavender
Lemongrass
Linseed i
Neem i
Peppermint
Pine
Rosemary i
Tea-tree N
Thyme g
Turpentine i
Emulsifier
Control :

Treatment
Fig. 1. Effect of 1000 fold of essential oils on mortality of 3rd
instar of Bifurcanmala aulax in 13% moisture sand in screw cap
vial at 25°C. Bar on the each graph was standard deviation.
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Day after treatment (DAT) / treatment
Fig. 2. Concentration effect of essential oils on mortality of 3rd
instar of Bifurcanmala aulax in 13% moisture sand in screw cap

vial at 25°C screw cap vial. Bar on the each graph was standard
deviation.
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Mean % 3rd instar Popillia japonica

Emulsify

Concentration (fold) / treatment

Fig. 3. Effect of essential oils on 3™ instar of Popillia japonica in
the pot on 21 days after treatment in ryegrass pot in
greenhouse. Bar on the graph is standard deviation.

100

M (pre-post) density M Post density

~
(%2}

% corrected mortality
N (9
[63] o

Linseed Tea tree

Anise

Emulsify
Treatment

Fig. 4. Effect of essential oils on 3rd instar of Blitopertha
orientalis at the rough of Adelscott Country Club, Hapcheon,
Gyeongnam province. (Pre-post) density calculated by (density
of whitegrub before treatment-density of whitegrub after
treatment) x 100% and post density was compared only density
of whitegrub after treatment. Bar on the graph is standard
deviation. Essential oil was treated October 7,2010 and checked
21, October 2010.

Pot &H

Potof| A ejF=do] 38320 )3t anise oil¥} linseed oil
o] s AL 10-26% W2 FA et EAFoR
Aol 7} ATk (Fig. 3).

ool
FERYAAED0] B4 A9

ofUATE BN FERLAAED] §5S o
Mo 2y A Ax, BE HeLe AALS B
&} Z}o]7) §lA=H| tea tree il ethoprofos A 2] of| AR}
32.6212.4%%} 38.2+17.3%2] HAAZR-S K, Loz
oA BaarE A gladch FA 2o HEgasd
45.5+5.8%% T},

59890 ¥ 49
ohAATE BRG] FUASFYe] 452 oR
23}, Fig. 49} o] AEA 73

Hol aik7h QST (Fig. 4). 2F A 2] E HAYARSS-S A
A droA] A & dx W3t gho g 2ARE dukel A
2] & Yrenke v 3F A3eks 2polE Hil=t $AH9
o g HAPAG-ES ALIAE o 20%7FE WAIZHE
=7 Uskeh(Fig. 4).

ML

wHol= 24 o] HlE F= 7MY F83 dis
9] 3}}=(Choo et al.,, 1998; Potter, 1998; Lee et al., 2002;
Choo et al, 2002) ZZA ol QU] thA} a|=9] htol
o}, b ofy et wols HRAIU URE AAA| A A
=of gt gz FEA]7]aL ok (Kim, 1991; Jackson, 1992;
Paik et al., 2007).

B A3 o] o3 AT} anise oilT} linseed oil, tea-tree oil
o] wHolof et AFEAdo] thE A=A AREol Hish
o] =A UERE oL pot Aol ofj oA = &t
“golstA UrepsiTt.

Anise oil2 =T o] AF21 Oncopeltus fasciatuso] T3}k
of 54 E& 31 480 e Aor dEA jlon
Tribolium castaneum QAo 3] T=q3P7} 9= Ao
2 & A 9l linseed oil cake= W -ZH}+Lu|(Sitophilus
orizae)®] At oA Jike} FoFo|L} pyrethrind} 3 A
Aregils Qulsl= 21072 A A] Q)th(Prakash and Rao,
1997). &3} tea-tree FEE=2 Fe|SAS it A4S
St A% T W A4 719 Z o] Qi Ao e
2 ar, X|Folof thgt &A= =t} (Prakash and Rao, 1997;
Lee et al, 2010). LU} o] H{=9] wolo] izt 4
T B34S 2 AYE S5kl A 2l =Heled Az
of wet A= Zpol7h QUSlt Cap viald oA = B
AlgA el FET90] 385l ot =2 A4F5Y
Hlou potol A efF-Foleol talixl= axprt vl

o
—
e N
=
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ke oli= @aole] £5 Holo] ofgt ABA-Fol that 7+
/9] ztolof 7]Ql & = QlOont cap viald P ol A5
wslel 37k volll Aol o]RolA AEg e} 2ol 9
shgo) gl B0l o3t £5 B4 wA} A v
2 AZtErc) Pennyroyalolb} tea tree 7J-3-0] AL #L3|
% ol =&kt (Sitophilus zeamais)©l tiste] &35

7 =2 Ao7 oA QrhKim et al, 2012). ETH
Aol AR EEFHolY S Awe B 77l
A oA AHEA=E AR FA LFH Bl
Serratia sp.8} -2 LA 5o
I, AA LE AJAEAF B 25 A AR
Bacillus thuringiensis} F=%7]1% [t (Unpublished data).
ubA QR H FEFdolol o2t Hed=9 Aael
ofsjo] HEAF] BT ASHOR YRS TR AE

Q) ofelst uo] Bl A F7HAQl A7t Waw

%o] ulolo]

Ao AZkEch A o|ed ABAFY BEAT: B
=8 ALoIHE Aol waiEd FZED0] 3] o
3 A% wvbs 10000 ol 8|4 X e] A At @

oA FES 53t ®B7] YA l-—__'
o7 Te fagEskol dagt Ag &
B {315 95t AFESE 2ol A
13ele Hol WA R Hag|RAe] AuEEA e A

Ak Adeo] WA auE #ol=dl S FastA A48
Ao g2 woE| glo).

Poto A HFFHolE Hde= o A= A=A
Aol Azt e WA UrEP o o= d gt Hpet 2
o] TFHIE A = gle oA Aol ¥
o FEFYololA *‘6‘9— 2R S ARgSA oY HES
Jolof| tigt A == silte} HES| oeFo] 212 49.03%
2} 12.65%%F =] 0|73l EAE 9GS u|HL Aoz A

2tk 2 wee) A9 Ao © ABHGSo| 447 ofF
TR HEL B A9 olFo] Agke wrA Hig)
olgl3t Aw 3 @oloz AziET)

HAARE FaYo FELUHNTAS] 52 o

Npo eyt ofe] A9 A3, BE AT AL ¥
Hel 7ok Aol7k glglort SASEYo] 458 AR

Fegh 22} AdofAle BE =0 A Ve ot
oA o] AL Au|X| 9] FAHZXACIY 7A 2 E9
wheh ko] zfo]vl B Wolck 12} AL SaEt ol
AFE IR E],,] 3 _7'5%_?__4;(]./\14#1:4 ]7} 1A }
e FA] Hy|7] dA0] AZF HE= A7) 9= AdA
2 72 3ol AAlstg o A & tgj}g oFo] 7oz
slo] F7} Word Aoz AJzbE ) 3
EX]—OﬂA—] ‘3042%1:4010] 0 =0 EH*POE 3} O]Cﬂ“?ﬂ 1

= FFRYANFYold] vistel Enprt skt ol A

! Ol'

il
_LﬂllzlrEIO_&

2] 5 10mm o|5k] 22 o] 427t 1, 2, 424 UUNE
Aol 238|8 AE S ARE Ao AZE. ofet
Hehepe) Pt BPAA ShEo] WAZME Holk 28
F o) sl E ke A] Qlth(Lee et al., 2006). 3HH =<

WA E = APl wet 2ol Bt A

=9} H2] 3 WEo] Ao|F ol gao] WIS
o 2AT WAV A & AE U=
to] WAZE AbEshs ol Blske] 20% 7H7)
woirh. Folo] ¢ vuiHe] A% FULE
Sh= Zlo] otal qAF o2 HFEEE 7] wieol
(Lee et al., 2002) oFelo]A] ZWo] FIHS Hra AL Al
B ol et el Aols} AlEE wAA
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0
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AZrE T B Ao o] 83t A EARES AUl vste]
|

ofo] AlBlolAlis At A oR vk FHlo] WA RukE 1
ALt 60% 0|40 WA HuE mof BhsRsoro] g
B Bl SR A SE AR B8 s
o] e AL WeHElth 23 ofolol A WA wIHE 3

ol 2% BE YRo] aiE F But opje &
3 B Aejol] Bja|E i asze] shfolth. 1 o
T= 1859 4]EA-F(anise oil, camphor, castor, cinnamon,
clove oil, citronella, fennel, geranium, lavender, lemongrass,
linseed, neem, peppermint, pine, rosemary, tea-tree, thyme,
turpentine)E ol4s1o] FHolo] BFH WAl 54
& ropiai Aol 241, oelolA] RS Sasioct.
Cap viald@ol|A] EEF ol 3830l 2t =2 Ff+=
anise (88.9%)2} linseed oil (100%) X tea-tree oil (88.9%)°]
it 24 potof| A fF-Eelo] 3z 5of thdl anise@} linseed
oil®] aIt= A YEbytt). ok2lo A anise?} linseed 2
tea-tree 0il®] = A} FHlo]o] F=o| ule}l 2po|E B
At FEREAA Yo Hb 7o tsfjA = tea-tree oil
A2 o Aut 32.6%2] HAGASES HA o SESFEEOl
30| A= anise?} linseed, tea-tree oil®] Z+Z} 54.8%,
51.6%, 56.5%2] HAYAE=ES EHT)

F90]: FAFFYo|, 1], FEF o), FAZSAYA|
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