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ABSTRACT. The black cutworm, Agrotis ipsilon (Hufnagel), damages various cultivated crops and it can also be
a serious pest of turfgrass, especially on golf courses. Essential oils have potential as alternative control agents for
insect pests. Sixteen essential oils (anise, camphor, cinnamon, citronella, clove, fennel, geranium, lavender,
lemongrass, linseed, neem, peppermint, pine, thyme, turpentine and tea saponin) and paraffin oil were assessed in
the laboratory, the green house and field trials for their efficacy against black cutworms in turf. Treatment of potted
cores of perennial ryegrass turf with anise, cinnamon, neem, paraffin or turpentine reduced black cutworm damage
in a greenhouse trial, and in a similar trial, applying neem oil at 4000, 2000 and 1000 ppm resulted in 100, 100 and
64% mortality, respectively, of black cutworms. Weight of survivors at the 1000 ppm rate was 5- fold less than
weight of comparably-aged controls. Neem oil (2000 ppm) reduced growth of black cutworms feeding on treated
clippings. A high rate of neem oil followed by irrigation (0.1 L of 20000 ppm neem oil with 0.9 L watering/m?) was
more effective than a lower concentration (1 L of 2000 ppm neem oil/m?) against 2™ and 3" instars in potted turf
cores and field plots, respectively. However, not even the aforementioned higher rate effectively controlled 4™ instars

in the field.
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M =

e Ao ZA FeA &8 2 Wt o} A
FHS IJH5AA &9 S EFHAS A 7, |
Aok gl Fa, 37I14E, Vel e 5 O
3 71%S 7HA L AtHKim, 1991). T3k =40y F¢
7F i, AW B AE FHe e g EGA
Y FEEd 2FF ol MY T AlFste] =4A4
e A S Aleste 8L 7= gt oy ¥
DAY ST, ok 4 471 24 ® AHe d
Aol SFe] At F7Y FE 2 A wA
*Corresponding author.

Phone) +82-54-530-1212, FAX) +82-54-530-1218
E-mail) whitegrub@knu.ac.kr

62

18

gk (Potter, 1998).

2EA o] Pl wet
AR A AR RS
Hepd A7 2a%
52 e wAFol
#eE)7t o] FoiA= 3ol
tle] Ayt o] & WHo] F74gel] wel g 713
she sl = Sk sl ElvEtelM e 6%
103} 28%F0] 715 =]o] 3Ith(Choo et al., 2000). 352 ©|
3 Ar)e] Q8 TIEE Tdo] 824 93l By I3

bt

L

fl

5

-

ojr
rlo

H

off T ik
O+

do am (M

Mo r& oX
lo
S
>

1o,
'z
Y

ol

il

2

S uhpgel} THPR Sl 590 9% 4 Tt 9o,
R S 3 AT gt ipsilon)e V1737

- (Zea may), Z3HGossypium

U (Triticum aestivum)©]

s do7) Utk

a2 EEola, Zu
hirsutum), B8 (Nicotiana tobacum),

U 72 AaFE 5 AAZE



Aot TELoslo) 77

e Fg 63

(Showers, 1997).
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=4+ Samyoung Food & Chemical Co. LTD
(Seoul, Korea)oll Al 43l o] &34 =H, anise, camphor,
cinnamon, citronella, clove, fennel, geranium, lavender,
lemongrass, linseed, neem, peppermint,
thyme, turpentine®] 1t} 3+ Ext]ol] Ha7]7 AFF
H7F QJomiA A A 8= 7RI Ye parafﬁn
oil (Lee et al., 2012a, b)&= Al o] &35} t} o] &

tea saponin®} neem oil2 A| 9|3t Bl 3|4 A] ?%%
AEL AMSAHAE 0.1% H7kete] {32131 5 2ol &
3tsle] X 2lslAtt. Paraffin oil (F+)A 2~ (Ulsan, Korea)
oA A H Ak £ Bl &271/FE ARSI

pine, tea tree,
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o]&SHHA BFAH o R AFE o]&3t YUk AL
3l A7 16 cm Z2k2Y 3o &2 A%, perennial
ryegrass ‘Palmer III’ &5 (Fayette Seed, Lexington, KY,
USA)S 4gpot¥] dgaieh. 22l &5 o €2 F

E22H trayell B3, trayoll= 3cm =012 E& A
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Attt o171l 2,000 ppm o2 343 A= H{FE 7t
g 2xo]E o]g3le] 10ml A é}.’ﬁ_é}‘}iﬁ]—. Neem=
AL A2 F3AE 0.1% H7istd =3 34513
7] w2l FeA] JS HES] 23 34 1,000 ppm
AYE FYPsINaL, FAEF= B9 At ad=

74 Fof o] FHaEe}t AFTE AT FE e
< 3] IH7t gls A 0, FhE 20% olstd 73% 1,
20-40%% 735 2, 40-60%% 7T 3, 60-80%L A5 4,
80% oY A5 5= AT

A F AFE tray vl 2 23 em A¢E HHL
2 39en #9H #A5re A ZUTE g M9 potE
HHE O 2 sukE A 2]shitt.
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AAA v 38 F 107 S AR 32,000 ppm o E
8443t anise, cinnamon, neem, terpentine oil3Z} parafﬁn oil
738 25715 o8t 10mlY ofdo] Fs] &
X AE F S P 3 B 9
215 A7) 8k 1em Zole] &8 WAE 5
ATt 25°C 2710l BashEs 7d &
Lol 718 g RO 4
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ryegrass ‘Palmer III’ &5 (Fayette Seed, Lexington, KY,
USA)Z 5 g/pot A 95ak3ith. 2]l potd @} 2ol &
< Ha Atk Ui )t A3 pote] THE 0.5 cm
EO|Z 7HRE o] &sto] AE H, AAAVIWE 285 10
nhe] S ARSI o710l 12} A elA AR anise,
cinnamon, neem, paraffin, terpentine oil< 1,000 ppm3%}
2,000 ppm, 4,000 ppm &= 3]4{s}o] A 2] & 31 =Hl, neem
= AT H=ARES F3AE 0.1% F7Hete] =3t 3
At frshAle] dF2 1,000 ppm o2 A2 S 3H A,
AT 2% Asit. Al 78 L2EolE o
gate] 20ml A AzaGTh AE T AAMTIGEY] B
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ryegrass ‘Palmer III’ #-&(Fayette Seed, Lexington, KY,
USAYE 953t § 17¢ 5+ A2l 5 7H91= 1] A
A FE-S Zglit} A2 A= cinnamon, neem, terpentine
9 paraffin 0ilS 2,000 ppm FEZ 8]A]g g 287+
AN FH AEA Sl &8 3L, 2do] miE AE =l
5, Bl A2 o=zx] 1%¥(Whatman #2, 9cm)S 7+ Z
9cm FEZT A AAANYY 5 AR B
Fe FAE AL gl A7)el AFE 574 3 2%
3 g e sl M o] A AM
el AFES 2SI, 449 oile] Hel @ 2
e PAE P F A2 Hol Hol FuM 5U B
b ARSI Zzte] S| ERtH = 25°C &271(L:D=14:10)
of AT, Shte] MELTHE & wrEo R 308
Agsiinh. AT SN, AY =T HED

taellA olg 3 A= Alelstal AT

of\ rlo oM, o

TC|el oot AZUHO| [E neem oile &F S3}
AAA L] g A 237 7P 9 "s}gﬁ j neem
oil& o|-&3ted |9 oo} Ax W) e AFat
£ dotrgith A% 22cm EEHAY SHL %% A3,
perennial ryegrass ‘Palmer III" &5 (Fayette Seed, Lexington,
KY, USA)S 4 g/pot ¥ 3533ith. 25 &<t &2 3k pot
o] I)E 2emet Sem EO|E THE o] &3] A&
285 1094 BAFSEATE 3A17F £ neem oilS A2
3F+=dl 1) 2,000 ppm 10 ml (1L/m* *12]3F), 2) 4,000 ppm
Sml AXE $ & 5ml 57}, 3) 20,000 ppm 1.86 ml A2 &
& 8.14ml 71| Wi o2 Alatqitt. zH7he] #HEA e
neem oil®] FEE 2,000 ppmoZ FU3A o 2)9} 3)9
WS ofA A & St da WS Este] A%

stATh A= 7H8 2z olE o] & AEsHTh Ax
T 5o 2ES 7] S8k vpa- S poto] € el
X3 A F il SLAI FY g Fo =S
¥ #Agsigon g 7d & ASSFE 4450
gk 7He] potE ¥ WHEOE SHHE AEsilon FA =
=R skt
Or2|AME
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2] 8190, neem il 1) 2,000 ppm 1L/m?, 2) 10,000 ppm

02L A & = 0.8L 7}, 3) 20,000 ppm 0.1 L A2 & =
09L F7ke] e g Agsiitt. FAg+= =% 1L
FEEAL, AP T FE " E E FES vpdde
2 X3t fFo] gFE gEaH] XsHA stk &
g A S0l FES FolHA HsHl S FE H S
ol T, RO IAFAZT A 49 § 7 ol F
WAIA 10mIE = 4 Lol 3Aste] #53 5 I =5 E

gE3) o= %%—#% ESN A=
27 A U Ao bgE podA 84 204
ggatR=d 10,000 ppm = 02L AE F & 0.8L F7}F

A% A2 YL, AAAYE 48FL 15uleA
Aetel 82 Foll AESE A

SHX EI

Tukey teat=
E%}l\-g 7(1;(4 Tuk =
Ao wel g 5
718tk

Pot& &

A BRES AAAVE thete] vdet 2=
YERJ 21 tH(Table 1). Anise9} geranium, neem, paraffin oil
A2l potol] AE g fFo = FA ol vlete] frfst

A AJLow(df=18, 76, F=5.82, p<0.0001) Zt]¢] 3]
3] == cinnamon¥} anise, neem paraffin oil 52 *] 2]
A g Yebgthdf =18, 76, F=21.1, p<0.0001).

AAMO|LIL Q1BALE HHX[OIM AlEX R XFAZ St
AeAr=e] W AAMNNE f3e A&

A Agg 43, 19 o= neem oil AT A= 84.6%2)]

HAYAEES BYon(df=5, 18, F=13.3, p<0.0001) #]

2] 54A 9= neem oilS A|LJstalE 19 o Bl3te] A}

TE‘]

S7FSIEHdf =5, 18, F=5.02, p<0.005)(Fig. 1). #]
2] 195 FAE T AARES 35%A 21 5UFolE 52.5%
Att.

A28Re sEE g1

AAA PG FZ ok A 7F @A YErsd
anise9} cinnamon, neem, paraffin, terpentine oil2 ©]-&3}
of T A2 3t A7 neem oilS A stLE XA}
S(df=16, 68, F=11.3, p<0.0001)°]} A& FZ< A

Table 1. Effect of 2000 ppm of essential oils and paraffin oil on
survival and feeding damage by black cutworm evaluated 6 d
after treatment in potted cores of perennial ryegrass turf.

Treatment Survival Damag*e index
(%, mean + SE) (1-5)+SE
Anise 12.044.9¢™ 0.0f
Camphor 40.0£3.2a-d 3.2+0.2abc
Cinnamon 34.0+6.8a-¢ 0.0f
Citronella 42.0+6.6a-d 4.0+0.4ab
Clove 28.0+7.3b-¢ 3.840.4ab
Fennel 52.0+7.3abc 3.8+0.4ab
Geranium 20.0+5.5de 3.8+0.2ab
Lavender 48.013.7a-d 4.840.2a
Lemongrass 34.0+4.0a-¢ 3.840.4ab
Linseed 26.0+4.0b-¢ 3.240.4abc
Neem 24.0+4.0cde 0.4£0.2ef
Paraffin 26.015.1cde 0.440.2ef
Peppermint 54.0+6.8abc 2.840.6bcd
Pine 60.0t7.1a 3.0£0.0bc
Tea tree 30.0+5.5b-¢ 4.0+0.3ab
Thyme 30.0+1.5a-¢ 3.440.2abc
Turpentine 38.0+5.8a-d 1.240.5def
Emulsifier check 46.0+4.0a-d 2.0+0.4cde
Untreated check 56.0£5.1ab 2.8+0.4bcd

Ten 2nd instars were introduced in each pot 12 h before treatment.

*0: no damage; 1; 1-20% damage; 2: 21-40% damage; 3: 41-60%
damage; 4: 61-80% damage; 5: >80% damage of ryegrass by black
cutworm.

**Means followed by the same letter are not significantly different by
Tukey's test (P < 0.05).

100

H1DAT
OSDAT

% corrected mortality
w1 ~
o (%]

N
[}

0 T T |
Anise Cinnamon Neem Paraffin Terpentine
Treatment

Fig. 1. Mean (£SE) corrected mortality of 2nd instar black
cutworms sprayed with 2000 ppm of essential oils and paraffin
oil at 1 or 5 days after treatment (DAT). Larvae were treated
while feeding in cups of artificial diet.

Z(df=14, 122, F=17.78, p<0.0001)°] %
Holz] 2TH(Table 2).

L=kl Aol =
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Table 2. Effect of essential oils and paraffin oil on mean
number of dead cadaver and weight of 2nd instar black
cutworms in potted cores of perennial ryegrass turf.

i + +
Treatment Concentration Mean (£ SE) no. Mean (£ SE) wt of

(ppm) dead cadaver/pot  live larvae (mg)
1000 8.8+0.2b** 298+38ab
Anise 2000 8.6+0.2b 248+33abc
4000 8.4+0.2ab 238+35abc
1000 8.4+0.6ab 226133abc
Cinnamon 2000 7.6%0.5ab 126+27bc
4000 7.8+0.5ab 241+28abc
1000 6.4+0.5a 42+23d
Neem 2000 10.0c -
4000 10.0c -
1000 8.0+0.5ab 179+29bc
Paraffin 2000 7.8%0.6ab 199+28bc
4000 8.4+0.4ab 247+33abc
1000 8.6+0.2b 292+38ab
Terfentine 2000 8.840.2b 311£38ab
4000 8.8+0.2b 380+38a
Emulsifier 49 8.2+0.4ab 22643 1abc
check
Untreated 7.440.6ab 193:427be
check

*Released to larvae in each pot.
**Means followed by the same letter are not significantly different by
Tukey's test (P < 0.05).

Neem oil A Z]A= 2,000 ppmo]’d T4 100% |
AFE 2™, 1,000 ppm A2 oM E 64%2] AAMES B
ARE AES FFE9] AFo] 41.8 mge 2 FA]9] 193 mg
of ®lsted 5w 7hEF AUt

Al
A

a7t dAMO|LEe] 4]0 Ojxl= A&

AHE A2 3 ryegrassE 23 HAAAM v
hgolut 1t A ollA zto]E B T(Table 3).
ASe A 3U(df=35, 171, F=525, p<0.0002)
F 59(df=5, 168, F=6.59, p<0.0001) & Fx o] H|
ako] neem oil A E|olA 28] 71EF HQom zir]e] 44
o 27 39 F(df=5, 173, F=5.4, p<0.0001) neem}

anise oilA 2ol UL, AT 54 F(df=5, 168, F=39.5,

p<0.0001)°1+= neem3} paraffin oil*]2]7-o|A & AT}

o
T

o of 1> T
g rlo il

7*0

£ neem oil2| HZ{A|O|LEL

aF AY F FHEoE =2 dEssle o
7F AAA G 2)AFgo] A ek Th(Table 4). 3
daFNME Zfo]E He] o7t 2EFE ARl &

Al VEptT

OFe| A

Neem oil& ©]§3te] okLjol|A] AAM P 35 5o
et WA G E ZARSE A3, pot A9} o] AE
T2 AYS T IR A5 AYE Ses W a9t =
%E}(Table 5) (df=3, 8, F=13.9, p<0002)

4% ZS S =E neem oil 10,000 ppm = 0.2 L *Z]
T & 08LE F7} #siild 2x3F AP olM e RS
£°] 18.1£18.6%% FA ¢t SAA ztel7t gidet.

1652 A-f2} paraffin oil 5 7 A A7
AF 245 HER 212 neem oil
olgtdl &= 9= g

ise?} geranium, neem, paraffin oil *]

T
o
12
o -
=
X

r

g

Table 3. Effect of 2000 ppm essential oils and paraffin oil on black cutworm weight and consumption of treated grass clippings in

Petri dishes.
Weight (meantSE, mg) Consumption of ryegrass (meantSE, mg)
Treatment
3 DAT 5 DAT 3 DAT 5 DAT

Anise oil 3.31£0.38 a 7.93+0.35 a 252+1.2be 44.02.0a
Cinnamon oil 4074045 a 8.6710.56 a 32.1+19a 30.4+1.7 be
Neem oil 1.60+0.29 b 4.80+0.46 b 229+1.1¢ 272413 cd
Paraffin oil 2.8310.52 ab 8.48+0.82 a 30.5t1.5 ab 22.8+1.1d
Terfentine oil 2.5740.41 ab 6.21£0.53 ab 27.5+1.5 abe 46.0t1.4 a
Control 4144045 a 8.67+0.72 a 29.8+1.6 ab 342+1.7b

Larvae were 3rd instar at the start of the trial.

Means followed by the same letter are not significantly different by Tukey's test (P < 0.05).
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Table 4. Effect of neem oil concentration, with or without post-treatment irrigation, on mortality of 2nd instar black cutworms in

potted cores of perennial ryegrass turf at two cutting heights.

% corrected mortality (meantSE)

Neem treatment/m>

2 cm turf height 7 cm turf height
2000 ppmin 1 L 73.149.8a" 53.8+11.2b
4000 ppm in 0.5 L with 0.5 L watering 84.619.8a 69.247.7b
20000 ppm in 0.1 L with 0.9 L watering 100a 100a

*Means followed by the same letter in each column are not significantly different by Tukey's test (P < 0.05).

Table 5. Effect of neem oil concentration, with or without post-
treatment irrigation, on mortality of 3rd instar black cutworms
in creeping bentgrass turf field plots.

% corrected mortality

2
Neem treatment/m (mean+SE)
2000 ppmin 1L 26.3+10.5b"
4000 ppm in 0.5 L with 0.5 L watering 73.7£5.3a
20000 ppm in 0.1 L with 0.9 L watering 68.419.1a

*Means followed by the same letter in each column are not significantly
different by Tukey's test (P < 0.05).

ZollA] potoll FHEdh= AF7F 7P A AT LY pot
oA o]gre 314 E3HA g g A o)A = neem oil
1,000 ppm 2| E A |etal= Aol Hlgte] 2ALE]
E%o BAA Atol7t A= 22 neem oil 2,000 ppmt
4,000 ppm | 2] %o] )T}, Anisel} paraffin oilS 33 &3}
7} A7) wiiel @&0] 7hedt oA E IHE st A
Sy Ay gs7E AA UEeRAIRE, B AR o] A
e Yol 2ES 23 potll e X529 4 EE
< 371 Wil FsivF vEted e g AztEh
A 2HT S o= AFsdSos B3, g&ol 7t
SO BE Adel vlste] @ES Adet AFA A
ARgo] =7 UehdEd] ol 38 3E 53¥2](cannibalism)
o] 73 veElve AAAM mUHEe] EXo = %47}5]1—/]_
(Hong and Williamson, 2006). AA2 AFAIE7} &

= &7IHeolA AAMYNE 3835 TEFEEAES ﬂﬂ

r9£

Wi

1= 35%0l Dalgic.
ABAE WAL EOINE A58 39S e
2 AEYRE E T 497 porlH 28 FS doR

Ag|gk Ao vlste] HAAMPUGES] XAFE©] neem oil*]
25 ALt =4 UErHTE o= 38 Fo] 28 F0l H
st Agalo] BridEed AtiEos B oile H2ls)
A7) wWEoz AZFET Neem? F4J4#<1 azadirachtin®]
7t A Ae 2He-3 *@ F A @371 Qlth(Isman, 1999).
It F 27 3852 28 Tl Hste] Aduidoe=

l

azadirachtin®] 3% F&o] =3k

HEriSlE A= Az A

7] W] W& AAES
bo El-Ghar et al. (1996)

neem®| AE-E FEES A2 AAAMVHE 6% FollA
2 ZhEo] Aadry siile

Aol wiet tEA e 5

amylase®} invertase2} 7+
b olye aage
9ok,
Neem oilRte] AAA R U 28 S0l thate] 5EoEH
295 B3 1,000 ppm XA = FAE 9 AAME
oA 2ol 7} ALt 2,000 ppm 4,000 ppm = 2 oA &=
100%7F A= ATE. 1000 ppm A 2= 2AREIA] FA4
o} zpo|7t gl = AET FFES] AT FA g v

[e)

R

0
/"Ill‘

st} S Hof neem A SF WOl F ]
#3390k,
A9 ez gAAe Azl GFS A ARF

o] shtelrt. ZeHE 71l sl Fg1ITkelF ol (Ectinohoplia
rufipes) G501 F A3 718) %21 Avhp(Spodoptera
depravata) 5 o317t E&4E WA a3= AT
(Kang et al., 2004; Lee et al., 2006). Neem oﬂLE 7o A
S W Ao A o] AW XWHA o] HolAx,
te] Wxrt FopA7] wEol B Fo ]F/} WA A 9]
kst FZpe A Zpol7b 917] wiitolth. wheba AA| zt
ool A neem oil# 22 WAIAE A71HG S T Fol
Agsh= Aol BA &S =Y F IS Aolth. &3 A
AAupES F2 2 ol SR sy Aketetr]u
ol &4 JHE 7s AF &=l
(Williamson and Potter, 1997a). & %2 ztt]dl ®
£ AEohe A AdE AAAMREE o] A AL ?:”71]
Fahste] dAshkes fFo BAEHAE =Y F Ue oF

=
o] a3& ta—’F A& Ao A7y

o

zost
st

A=}
T
[e]

°1-'
é

T gAA Aels A AN Sele Zel A9

>~
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oo
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2ol 11{‘ A ol BAAE AEd & F7IE AFshe
o] m&A ot weba FAgox HAA W HHA)
= 938t neem oils AP & W ALEERE T A7
Astal, 2ZYFe S o] g5t F7F #AFE ste Aol
aRAY AR A7t

Bentgrass®] oF| X4 A oAM= AAA Y 38 F-2
neem oil 4,000 ppm 0.5L 2A¥E & Z 05L m? A FHF
SE 2,000 ppm) Al 73.7%°] AARES HAO 47T
Y A =AM 18.1%2] W2 AARES UERIITH
Kang et al. (2008)2 S5 P (Spodoptera exigua)? T3t
R 7R AFA Y] e oA AR A= A 5
o] L—_Eﬂg]_ =2 F= Ok;q] Aol AaAEL RISt Q)
a7, ZEHAAAMZE 48 o]|F o Aruhpilbo= 7HA]
o] Z+AgHcH(Kang et al., 2004). 352 E'5}7] A =}

ol W&ol wE PFH Wt A a4
2 AeA W3} Fol 71Q18H=H neem oilell
mue] 7k ﬂ T olygt aglo= Ay7tE
FTHRE = ofg o2 ulylo] F
E%koﬂ FolUTt7E F= o7k

o oy
i Lo 4 d
rE oL

fol Mt o mx o N mx Y 4 X

&mﬂmﬁ,
Moot N OO > 2 o 2l

o
A =y HE o] /RE A2 F
(Potter, 1998; Williamson and Shetlar, 1995)
o) Waks e Aolol JFL vXE
Ak B AR5 d3E veE o gl
& 01%5& HAX l v WA= neem oilo] 7HY
Aolm 37 ol fF WA x7|d 77| FHS
il 10,000 ppm °’d¢] FEE A stae F7H4<

52 sk Aol &gHole AztET,

>}L S o
o> g

> |o
S o dlo

o

FO
12

AAA U]L}HJ(Agrotis ipsilon)& TFEFRE gl 13
2 o] AzE 9sE FE sFo|th
£ A% thAEAA ] Skt 15} il

==
et

|

clove, fennel, geranium, lavender, lemongrass, linseed, neem,
peppermint, pine, thyme, turpentine and tea saponin)2} I}2}
Aede] AAA Y gk WAEE AWt 24,
ofelol A Attt 249 HHYdeto| ek potoﬂ
Z}2+9] H5-5 *2|$+ 23} anis, cinnamon, neem, paraffin,
turpentine * 2|4 F]F &7} HA S ™ neem oil (4,000,
2,000, 1,000 ppm) A 2]A] AAA P AR Z12F 100,
100, 64%3At}. 2,000 ppm neem oilx 2] @y Leto] 2}
2 A& A AAAMVEE 752 AF FAE e H]
3 SHiE = Wikt 2~3" 5 HAA WU didte] pot

9} ok A IFX neem oil AE] F FH<7120,000 ppm
0.1L X8 & & 09Lm?> 2¥) AFzxe uFax
(2,000 ppm 1L m*)el| vlate] E37F = o ) 45 3ol o

A= a3t YA
F0{: HAAMuPE, 3733181 WA, A, Yo,
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