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Abstract
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Effects of thirteen essential oils (anise oil, clove oil, marigold, mustard oil, neem oil, quassia, quilaja, rosemary
oil, rotenone, tea tree extract, thyme oil, wintergreen oil, and yucca) and caffeine on typical industrial insect,
silkworm (Bombyx mori) and two entomopathogenic nematodes, Steinernema carpocapsae GSN-1 strain (Sc)
and Heterorhabditis sp. Gyeongsan strain (Hg) were investigated in the laboratory. When 1,000 ppm of each
essential oils was treated, neem oil showed the highest insecticidal activity against silkworm. Mortality of
silkworm fed on neem oil treated mulberry leaf was 55.3 and 100% 5 and 10 days after treatment, respectively.
The silkworm fed on neem oil treated mulberry leaf did not make cocoon and pupa. Weight of cocoon and
pupa was low in rotenone treatment showing 0.27 g and 1.01 g, respectively. Mustard oil had the highest
nematicidal activity against entomopathogenic nematodes. 20 ppm of mustard oil resulted in 69.0% and 100%
mortality of Sc and Hg 3 days after treatment, but 4% and 36% at 5 ppm in X-plate, respectively. Mortality
of baited Galleria mellonella larva by Sc was not different from control at the concentration of 100 ppm of
mustard oil while 30% lower in Hg in sand barrier. Mean numbers of established infective juveniles of Hg
in Galleria larva were lower than Sc in sand barrier. Survival rate of Sc was similar to control at the concentra-
tion of <200 ppm of mustard oil in sand barrier.

Key words Entomopathogenic nematode, environment friendly agricultural materials, essential oil, neem,
silkworm
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© 37 B4 of7|A17] 4 9lrk(Mckemy, 1987; Birch ef
al., 1993; Kim and Choi, 2001).

wetx sHehsor] AR-E FolAY FehpelE dAlE
olg] o] ZrE Qlth o] F AEAzRE 22t =
AEL ZHE20 e B B4R ohet BB &3
of thek 2 HFA 2 ez we st ez Qg
MEEAA=R7ME Aol 7hed A 59 Bde 7R
¢ltH(Prakash and Rao, 1997; Menn and Hall, 1999; Isman,
1999).

YABESE 22 oforgom sold ot s EE
S40] gl AS0] £2 0|8 T Qv 23EES o/
S A4 B BHSAGS PAste] ol8H YekPra-
kash and Rao, 1997; Walter, 1999; Baser and Franz, 2010).

SejuEel e EAE HH FANE A4l o3t R}
7H] BEE BHog 19979 12499 8RS S A
319, 20079 RE = A FE AuiE ) B
715 52 Alstn Qickhttp://www.rda.go.kr). 20101
29 @A 1,048F 0tk FAEO] Qltk o5 F ZEY WE
FAAYR 2ol AEL 265F5Y0, AEA2RE
3 B 102502 38.5%E AR Yt AA 23
SR Folle 16.5%3) 173%0] 4|4 43 Edo|t}
(http://www.rda.go.kr).
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of tfgt A5A FAIE Adlste] BH} gehsete] 4 7}
S drsh7ie sigich AssAAE M) niA=
FFeEE 7 HAT 24 HAAE e & AY
9] 37t g AT Yu 5., 2006; Kang 5, 2007a, b;
Hwang 5, 2009; Lee 5, 2009) YH = ofQlof| A 48)x]7]
= 3% tHLee 5, 2008; Lee 5, 2009). L3}t JEAH 57
FAAE FAE ARES WYL R T AFEL ot 4
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= neem(Koul, 2004)0] Z3t5]o] F2 = Qi Walter,
1999; Raguraman et al., 2004).
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Table 1. List of thirteen essential oils and caffeine used in this
study

Materials Source plant

Anise oil Pimpinella anisum
Caffeine -

Clove oil Eugenia caryophyllata
Marigold oil Tagetes spp.

Mustard oil Brassica spp.

Neem oil Azadirachta indica

Quassia oil Quassia amara

Quillaja oil Quillaja saponaria
Rosemary oil Rosmarinus officinalis
Rotenone Derris elliptica
Tea treeextract Camellia sinensis
Thyme oil Thymus vulgaris
Wintergreen oil Gaultheria procumbens

Yucca extract Yucca schidigera

o/dste] deh BE AR OE AR 3 £ 4
MAE AMgsHAT

Aol AMgH Z3H AR 5
doA AArste] wlistar QlE Steinernema carpocapsae
GSN-1 strain[-3-2| 42 Z2HJAAZ (O)]2} Heterorhab-
ditis sp. Gyeongsan strain[-$-2] 17 Z&HYAAZ (H))S
Ahg-shoich, RN HUEK Galleria mellonella)S- 2005\
ofojol A A1t AIE-& Woodring¥} Kaya(1988)]
o2 AdelA JAFARE ol §ste] FHASIIL Yd AE
& ol8slgiet A% LAE £017] Al A% 180~200 mg
Argstelet.

rr al
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1.
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X—plate 48

14%2] AEA {eE2E 500 ppm o 34 ¢ F- Xplate
of -z} 3 mi¥ Y1, Z+z+o) cellof S. carpocapsae GSN-1
strain¥} Heterorhabditis sp. Gyeongsan strain®] 2 ¢lg] &
% 300mH)E 3 miY HESkqch 221 3UR7EA] Hd A
9 AAEE BE AeTolA 2ARHC XJApoF gt
& 100619} AAEr) % (Nikon, SMZ1500)3tol| A 22¢10]
de MAE veg Ay g fFof met A EE o
Toiglc) 1459 AE Aaet 3vhE 5 23EE8 A4S o
3 Az Aol =99 mustard oilZ 5, 10, 20, 31.25,
62.5, 100, 125, 250, 500, 1,000 ppme] 10714 2:%9] i
ER BMsto] 14F AEA fdf BHY A 9% A¥n
FYUSHA Agstgict FAHzAe FF4 996 mlof) ofghE
4 mlE A7}5F 3 Tween 802 0.1 ml A7slo] ALE3I90
o 4UbE 02 ePslgich

Sand barrier assay

Sand barrier assay+ Molyneux(1985)0] &gt e &
23to] +3stqrt. Sand-barrier?] 12E= A& 50 em, &
o} 3.0 em PVC(polyvinylchloride) ¥E3 mho|2 2] o}

0] 0.5 cmA A of opening size 2 mm 2] steel-mesh& 11

Steel mesh

0.5¢cm

HFg. 1. Scheme of sand-barrier.
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Table 2. Mortality of silkworm fed on mulberry leaves treated with 1,000 ppm of essential oils and caffeine

% mortality £ SD

Treatment 3 DAT* 5 DAT 7 DAT 10 DAT
Anise oil 2243 9a** 4.44+7.7a 4.4+7.7b 4.4+7.Tbc
Caffeine Oa Oa 0b 2.2+3.9¢
Clove oil Oa Oa 0b Oc
Marigold oil Oa 2.243.9a 2.2+3.9b 2.243.9¢
Mustard oil 4.3+3.8a 4.343.8a 6.4£6.3b 6.4+6.3bc
Neem oil 0a 2.243.9a 53.3a 100.0a
Quassia oil Oa Oa 0b Oc
Quillaja oil Oa 22+39a 2.243.9b 2.2+3.9¢
Rosemary oil 2.2£3.9a 22439a 2.2+3.9b 2.2+3.9¢
Rotenone Oa 2.243.9a 9.0+£3.7b 13.6+0.6b
Tea tree Oa Oa Ob Oc
Thyme oil 2.243.9a 2.2+3.9a 4.6+4.0b 4.6+4.0bc
Wintergreen oil Oa 2444 1a 2.4+4.1b 24+4.1c
Yucca 0a Oa O0b 2.2439c
Control Oa Oa 0b Oc

Mortality was observed from first day on 3rd instar to last day on 5th instar.
* Days after treatment.
** Means in a column followed by the same letter are not significantly different according to Student-Newman-Keul’s test (P<0.05).

Table 3. Effects of essential oils and caffeine on weight of larva, cocoon, pupa and pupation rate of silkworm

Essential oil

Larval weight(g)=SD

Pupation rate(%)+SD  Cocoon weight(g)+SD

Pupal weight(g)+SD

Anise oil 0.43£0.02abc* 93.33+6.7ab 0.33+0.01abed* 1.30+0.03ab
Caffeine 0.42+0.02abc 88.41+6.7ab 0.31+0.01abed 1.26+0.04ab
Clove oil 0.51+0.02a 88.41+10.8ab 0.36+0.01a 1.37+0.08a
Marigold oil 0.44+0.06abc 93.33+6.7ab 0.3240.01abed 1.27+0.10ab
Mustard oil 0.47+0.02abc 87.08+6.1ab 0.34+0.01abc 1.264+0.09ab
Neem oil 0.28+0.02d Skk - -
Quassia oil 0.38+0.02¢cd 97.78+3.8a 0.29+0.02bcd 1.18+0.15ab
Quillaja oil 0.39+0.03bc 84.44+7.7ab 0.32+0.01abced 1.17+0.12ab
Rosemary oil 0.45+0.04abc 93.33+6.7ab 0.32+0.02abcd 1.26+0.10ab
Rotenone 0.28+0.03d 75.08+7.3b 0.27+0.03d 1.01+0.07b
Tea tree 0.38+0.04cd 95.56+3.8a 0.28+0.03cd 1.23+0.10ab
Thyme oil 0.40+0.04bc 83.81+3.3ab 0.32+0.03abed 1.31£0.17ab
Wintergreen oil 0.39+0.05bc 93.02+7.1ab 0.31+0.03abed 1.18+0.13ab
Yucca 0.48+0.02ab 88.89+7.7ab 0.35+0.03ab 1.41+0.05a
Control 0.46+0.04abc 91.11+3.8ab 0.32+0.01abed 1.28+0.06ab

Silkworm larvae were fed on mulberry leaves treated with 1,000 ppm of plant materials from first day on 3rd instar to last day on Sth instar.

* Means in a column followed by the same letter are not significantly different according to Student-Newman-Keul’s test (P<0.05).
**Silkworm treated with neem oil did not develop to pupa.
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£ 9 om plastic Petri dish& =gkrh. fEEollk= steel-mesh
7t Y UG barrierE Zuldte] P& T 10% $E B

HE Y Pk

Z:H]%] sand barrier®] $H-2ol 1,000 ppmlZ A=
284 0.5 mie} ZHzhe) ZauYUA M2 Mg 83 300
ap2le] E8 0.5 mlE 7 Ayt A 24 ¥
2] 2.5 cm o]} o} 2.5 cm oVjo] TEWAA M9

REFE 242 2ASH L, steel-mesh of2fjo] E R AL
W 359 AR 2AFATE Sand barrierd] 2 U]
ZZHYA A3 E4 ZAH= Baermann funnel techni-
queE o] &38lo] 2ALSFETHAyoub, 1980). &3 HHEAY
Vi 0] ANE AR ol sislo] AR 239

Y4 A= 2ARKAT 3149 sand barrierg 1HHE0.2

3fe} 3yHEo 2 Ssignt

=71 2y
AEH fE Edo] 35U A5 A nAe 9
%2} sand barrier WollA12) o5} 4, 4] E feofof
u]2l o8k2 Student-Newman-Keul test2 2] H#7)r 3}

o|% SAS program® o|-g3}c] BAHRLA 3 HTHPROC

ANOVA)(Z, 2006).
Z I}

AEHKI ool Djxl= FEt

82290 oo 13F2] AEAYF caffeined AME-3}
of Gag7IE ofst A7} rotenone AelFofAE 10UAF
o] 13.6%(df=14, 30; F=9.88; P<0.0001), ncem oil A2

oM 7Y 53.3%(df=14, 30, F=37.58; P<0.0001), 10

i

ERE R
Aoz 100%] 2 AARES o 28y O 137}

A Azel = 10% o]ate] WE AAH-E Hoj(Table 2)
ofje] At FEE mA ] it

Z4zte] 4% A9 BUE 49 1945 A8, 58
39 Fof o] AFE £ A, Table 33} Zo] £z
FolAE AT Folle] Bt AF-E 0.46 gl ]t ro-
tenoned} neem oil Ao 0.28 golAUrHdr=14, 30;
F=11.4; P<0.0001)(Table 3).

A8 A4S % neem oil & Follo] 317} A oo
AR ey thE AztoMs FAE 9} Aozt gt
(dF=13, 28; F=2.38; P=0.0264).

235 RolEe) TAg 7] A 25 Az, 2
879 TA|(dF=13, 28; F=4.16; P<0.0008)¢} Ht)7] =7
(df=13, 28; F=2.78; P<0.0114)= 212} 0.32 g#} 1.28 g9
HHH, rotenone A ToA= 0.27 g} 1.01 g2 zo|7}

AT G2 HeTFANE PR Hol7t g,

o
=
=

ABHQI BEWUY M

=l

Y MB0 o= &
X-plate &
1,000 ppm %= 9] NS £ mustard oil9] E4)0] 7}

B w4 vEen S5HAY A5 Fol HetAE Aol

£ BYtKTable 4). S. carpocapsae GSN-1 straino] 3}

o} mustard 0il2 1YALEE 100%9] & A% JARS-S U

EPIcHd=14, 45; F=681.06; P<0.0001). 12|31 quassia

AelolA = 247 16.0%7F AA} HJLIUdf~14, 45; F=

549.61; P<0.0001), 7]EtS] A 2| A& 10% o]ste] W&

e VERY ItH(Fig. 1). Heterorhabditis sp. Gyeong-

san strain% mustard oil 2] A 1A} 100%2] &&

AL JERAOUKd=14, 45; F=610.33; P<0.0001),

rosemary oilZ} tea tree oil A2 A= 24 2}z 15.8%

Table 4. Analysis of variance (ANOVA) for main effects and interaction of nematode species, treatment time, and essential oil on
mortality of entomopathogenic nematodes, Steinernema carpocapsae GSN-1 strain and Heterorhabditis sp. Gyeongsan strain in 1,000
ppm aquatic suspension of essential oils or caffeine in X-plate

Source of variance df Mean square F value Pr>F
Nematode species (N} 1 163.4 38.84 0.0001
Day after treatment (D) 1 77.1 18.32 0.0001

Plant extract (P) 14 9903.0 2354.75 0.0001
NxD 1 2.0 0.48 0.4895
NxP 14 118.1 28.09 0.0001
DxP 14 25 0.58 0.8747

NxDxP 14 1.9 0.46 0.9519
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9} 14.3%9) AARE-E LIEHY QITHAE14, 45; F=558.09; P<
0.0001)(Fig. 2).
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Fig. 2. Effect of essential oils and caffeine on entomopatho-
genic nematodes, Steinernema carpocapsae GSN-1 strain (Sc)
and Heterorhabditis sp. Gyeongsan strain (HG) in X-plate at
the concentration of 1,000 ppm.
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Fig. 3. Effect of mustard oil on entomopathogenic nematodes,
Steinernema carpocapsae GSN-1 strain (Sc¢) and Heterorhab-
ditis sp. Gyeongsan strain (HG) in X-plate at various concen-
trations. The same lower case letters above the bars in each day
after treatment indicate no significant difference among the
means (Student-Newman-Keul’s test at P<0.0001).

HED wolof olxl= Y 59

Mustard oil-& 1,000 ppm $ZoA 2284 Al
tiste] & S 1%5}‘413171 2o mustard oil T
olgsto] LU M3 vl TFY FTF Uty
Siste] A#e Ak Fig 33 ZiTh

S. carpocapsae GSN-1 strainofA] 2] 2Yx}ef 1,000~
31.25 ppm HS7HA) 100%2) AARES Uehfl o tdf=10,
33; F=6188.0; P<0.0001), 20 ppmoJAL 370l 69.0%
o] S-S BATHA10, 33; F=5437.7; P<0.0001). 10 ppm
7} 5 ppmof A 5%0]81e] F-& XAREE Hth ¥HH, He-
terorhabditis sp. Gyeongsan straino] A% 1,000~31.25 ppm
Ho7kR] 1950 100%9] AR B9I(dF10, 33; F=
1182.61; P<0.0001), 20 ppmol A= 2UREE 100%2] &

& AAEE BAidf10, 33; F=3735.45; P<0.0001). 1
23 10 ppm3} 5 ppm oA 2870l 38.3%2} 22.3%9]
AAES Ve Sich

Sand barrier assay

X-platefoll ] ZFHER Aol 7P & 9 5}
mustard 0ilZ o83} Sand-barrier AN =l N
o} ol wet EY Holof BE BE s ¥% Ui
SJTtH(Table 5).

S. carpocapsae GSN-1 strain- 1,000 ppmo|A] 2.5 cm
A9 Bazulgo] 842%=2 7P ol FA| 2] 51.4%%}
£ xo|& Bgon(df=4, 15; F=3.54; P<0.0318), ¥}
SorE BEY U oj5-89] ¥tk Heterorhabditis sp. Gye-
ongsan strain®] 7-¢- FA P A= 2.5 em Y] EEu] {0
28.0%% UFERFOL 1,000 ppmt 200 ppm A2 o)A 2.5

SC  o30em .2 Sem HG §5<Ocm 82 5cm

Survival rate (%)

200
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[=3
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Fig. 4. Effect of mustard oil on survival rate of entomopatho-
genic nematodes, Steinernema carpocapsae GSN-1 strain (Sc)
and Heterorhabditis sp. Gyeongsan strain (HG) at various con-
centrations 3 days after treatment in sand barrier. The same lo-
wer case letters below the bars in each sand depth indicate no
significant difference among the means (Student-Newman-Keul’s
test at P<0.0001).
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Table 5. Analysis of variance (ANOVA) for main effects and interaction of nematode species and concentration of mustard oil on
mean number of live entomopathogenic nematodes, Steinernema carpocapsae GSN-1 strain and Heterorhabditis sp. Gyeongsan strain

in sand barrier

Source of variance df Mean square F value Pr>F
Mean number of alive nematode in 2.5 cm depth of sand barrier
Nematode species(N) 1 10336.2 15.37 0.0005
Mustard oil concentration(C) 4 17001.8 25.28 0.0001
NxC 4 7622.5 11.33 0.0001
Mean number of alive nematode in 5 cm depth of sand barrier ‘
Nematode species(N) 1 20702.5 107.03 0.0001
Mustard oil concentration(C) 4 14260.4 73.72 0.0001
NxC 4 5583.5 28.87 0.0001
Effect of nematode species and concentration of mustard oil on mortality of Galleria melonella
Nematode species(N) 1 324 216.0 0.0001
Mustard oil concentration(C) 4 26.7 178.08 0.0001
NxC 4 5.5 36.42 0.0001
Mean number of established nematode in Galleria melonella
Nematode species(N) 1 180.6 2.84 0.1024
Mustard oil concentration(C) 4 2021.0 31.76 0.0001
NxC 4 498.3 7.83 0.0002
Mean number of alive nematode in sand barrier and Galleria melonella
Nematode species(N) 1 152769.6 220.42 0.0001
Mustard oil concentration(C) 4 67255.2 97.04 0.0001
NxC 4 20837.6 30.07 0.0001
P s _;"_ 2 2 oA 32.3%= ZAEQTHFig. 4).
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Fig. 5. Effect of mustard oil on the establishment of entomo-
pathogenic nematodes, Steinernema carpocapsae GSN-1 strain
(Sc) and Heterorhabditis sp. Gyeongsan strain (HG) in Galleria
mellonella larva at various concentrations 3 days after treat-
ment. The same lower case letters above the bars in each con-
centration indicate no significant difference among the means
(Student-Newman-Keul’s test at P<0.0001).

2] Z+z} 95.0%9} 98.0%2 thEE 2.5 cm 4]
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Gyeongsan strain®] 7% mustard oil 1,000 ppm} 200 ppm
AZolE BARAEUE S350 e WRAS YegA
231907, 100 ppmol AL T 30.0%2] AR BTk
a2} 20 ppmol A 90.0%= FA T FAS ARE
B YTHdf4, 15; F=174.75; P<0.0001)(Fig. 5).

7t ZFEEA Sl g3 AAH | BERJERY 75
ANZ AY 3+ MZ24E= S carpocapsae GSN-1 strain
mustard oil 100 ppm} 20 ppm &3+ AT A= TA4 =
o} SAVEE ATHdf=4, 15; F=5.75; P<0.0053)& Jehd
Ui, Heterorhabditis sp Gyeongsan strain2 HE 5EoA]

FAETEY W2 7| AYYE Bo(df4, 15; F=34.26;
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Fig. 6. Effect of mustard oil on the development of entomo-
pathogenic nematodes, Steinernema carpocapsae GSN-1 strain
(Sc) and Heterorhabditis sp. Gyeongsan strain (HG) in Galleria
mellonella larva at various concentrations 3 days after treat-
ment. The same lower case letters above the bars in each con-
centration indicate no significant difference among the means
(Student-Newman-Keul’s test at P<0.0001).
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