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The fall armyworm (Spodoptera frugiperda) is one of the main pests in corn (Zea mays L.). It
reduces production by primarily damaging the leaves, stems, and fruits of corn, causing economic
losses. Corn damage worldwide due to the fall armyworm is estimated to be at least $2,481 to
$6,187 million. The insecticidal activity of five essential oils (rosemary, ginger, neem, lavender,
and clove) on the 3 instar stage of the fall armyworm was evaluated. The insecticidal activities of
deltamethrin and five essential oils were evaluated using the immersion method. Rosemary and
ginger essential oils showed the highest larval mortality (100% of fall armyworm larvae were
killed) at a 1:500 dilution rate, whereas rosemary, ginger, neem, and clove essential oils, except
lavender essential oil, showed 96% mortality at a 1:100 dilution rate. Using GC/MS analysis, the
main compounds of rosemary essential oil were determined as 1,8-cineole (22.27%), a-pinene
(15.01%), camphor (12.19%), b-pinene (8.11%), D-limonene (6.10%), and a-terpineol (4.97%).
The results of this study suggest that rosemary and ginger essential oils could be used as potential
biological control agents for controlling the fall armyworm.
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(Fig. D] &4 T2z o|=A FAIE SAIA = A7ste] 2 A-tell ARgsHir.

Deltamethrin

AKW@

Fig. 1. Chemical structure of deltamethrin.
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R A|Zz-0] 739 FEA= 7K Control, Distilled Water), THE-2FA|(Deltamethrin, Korea), 2HIE|(Lavender, Australia),
2 Znt2](Rosemary, Australia), 2252 (Clove, India), 287(Ginge, India) oi1d @ U Z 7702] RS A= W A
Zstolet. ol @ Qo] sl 1/100, 1/500 1/100022 22} F755 3146191, tixofA(Let ER) <]
78 52 BAETR1 171000 Hlg= 345101 25°C W)= YA Azt 2]4-0] AYARSE(MMC: Minimal
Mortality Concentration)= ZAFSTIA}F SFRATE

A 3 oY 29! 5T0| APMOILIL F5 ALSE ZAL

387] Z9 QAR 58 A4 150 mm ] Petri dish (SPL, Korea) 212} 5704 WReQlal, G52 24
5 Z}7}0) A Hof| ‘FEX18H AT A FoF AUHAIEHH ] HAH(RDA, 2008)= 59l 187+ 32| & o2&
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SHATE. thA] oJ kx| 7} 2 Petri dish® %A A1A1RE 244 912 16 cm ALO]| 22 45-5510] nfjd Fofsto] At
Anj

ZF et ASEAAS 2= oAl e do] AEREXA O] H2 AgilentAlll GC (Agilnet-5975C, USA)-MS
(Agilnet-5975C, USA)E AFE51 a1, A2 DB-WAX MS 30 x 0.25 mm, 0.25 um #2420 AHE AR89t &
YOl 2E=250°CE A & AH @ 255 50 - 250°CE A7dsto] 2|F300°CA 542 5222 Z285131
o}, HPEAE @E(He, 1 mL/min)S ARESHI 2™, MS+E 70 eVOllA] Electron Impact ModeZ 54 & Wiley 2}
NISTO] 2fo|He{g}E H]ul E-gsto] o dld @ o sfeh4] 405 Selstairt.
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Fig. 3. Chemical structure of 1,8-Cineole and Camphor.
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5] Al 23%:9] o dlld(Rosemary, Ginger Essential Oil). 2 A4 100% A5ES Ho|H 92 A58 3HE 2RIk
THTable 1).

Table 1. Mortality of Spodoptera frugiperdalarvae of 3rd instar with the treatments of essential oils and Deltamethrin

Mortality (%)

Concentration Deltamethrin Lavender Neem Rosemary Clove Ginger
1/100 90+ 10° 0+0° 100 + 0° 100 = 0* 90+ 10° 100+ 0°
1/500 70+ 10° 00 20+ 10° 100+ 0°* 10+ 10% 100+ 0°*
1/1000 30+ 10° 0+0° 0£0° 10+ 10° 0+0° 0+0°

OjjMHE 29 (Rosemary) GC-MSE 3+ 3512 Mg 2

5 5008l 3]4 AloflA] EFE H Q1 25-9] ofdld @Y 5 Rosemary oA 2 A9 GC-MSE 53t afeld A&
S A A 920 SR 1,8-cineole (22.27%), a-Pinene (15.01%), Camphor (12.19%), b-Pinene (8.11%),
D-Limonene (6.10%), a-Terpineol (4.97%) <=9 2 ZFZFO] RT (Retention Time)©]| areagt-= LFEFHTH Table 2, Fig. 4).
A8 2210 24 221 A2e] YAt} BT Slabe] okzhe) ol EAfel et 738 7o) 2
t= 7S 2RI &= QI AAth(Bakhtiarizade and Souri, 2019). T3t Rosemary A1 @ 0] =9 o19HE-2 93t
B |9]ol & e, 4bet, etelle anbaQl A o= AdefA] {Irh(Hussein et al., 2020). oA 2
HAMRY 5 A5 2% GCMSE 53 4= 2412 A7HE EH|= Rosemary 2] 459] ofild @ 423
7 WA 2R A B8 7K Bl 4 9itt
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2 A EAA A= FEE2 oA @Y 555(Rosemary, Ginger, Neem, Lavender, Clove)= 2851 G
AMa e HHA g 7S 2F15H! Rosemary oA @ o] AJE-S EA51). 5008l 54 A] Rosemary, Ginger
Essential 0il-2 100%2] A5-8-2 YEFTE o] 5 Rosemary oA1d @ 4-2 GC-MS 2 AEEAH 27 & 317119 s}
t=o] HEEY 8 3RF=E-2 1,8-cineole (22.27%) > a-Pinene (15.01%) > Camphor (12.19%) > b-Pinene
(8.11%) > D-Limonene (6.10%) > a-Terpineol (4.97%) %02 1+EP*E}. Rosemary oJi1d @ o] g-gs}1 Q=
=

O.u

9] 1,8-cineole, Camphor= 953 258048 7= B2 2 Triu]m A oAl @ (Rosemary 2] 45)2]
St AF 2 2 /3 (Rosemary oA @ UyE SiRIgH A} 73_9}74 ASA R 877} e A o= et
3=
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Table 2. Chemical compositions of rosemary essential oil

Peak NO. Compound RT (min) Concentration (%)
1 Tricyclo[2.2.1.0(2,6) heptane, 1,3,3-trimethyl- 02:19 0.15
2 Spiro[4.5]dec-1-ene 02:42 0.10
3 Tricyclo[2.2.1.0(2,6)]heptane, 1,7,7-trimethyl- 03:01 5.13
4 a-Pinene 03:13 15.01
5 Bicyclo[2.2.1]heptane, 7,7-dimethyl-2-methylene- 03:30 1.24
6 Camphene 03:51 6.02
7 b-Pinene 04:30 8.11
8 Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)- 04:45 2.02
9 b-Phellandrene 04:58 0.09
10 a-Phellandrene 05:43 1.00
11 D-Limonene 06:31 6.10
12 Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(1-methylethyl)- 06:45 0.08
13 1,8-Cineole 06:58 2227
14 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 07:35 0.72
15 Benzene, 1-methyl-3-(1-methylethyl)- 08:16 7.45
16 Cyclohexene, 4-methyl-3-(1-methylethylidene)- 08:30 0.35
17 Cyclohexene, 1-methyl-4-(1-methylethylidene)- 08:39 0.04
18 3-Oxatricyclo[4.1.1.0(2,4)]octane,2,7,7-trimethyl-O 11:05 0.08
19 Bicyclo[2.2.1]heptan-2-one, 1,3,3-trimethyl- 11:43 0.07
20 Acetaldehyde, (3,3-dimethylcyclohexylidene)-, (E)- 12:52 0.70
21 Camphor 14:45 12.19
22 1,6-Octadien-3-ol, 3,7-dimethyl- 15:25 1.01
23 1,6-Octadien-3-ol, 3,7-dimethyl-, 2-aminobenzoate 15:35 0.30
24 Aceticacid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-ylester 16:18 3.10
25 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)- 16:45 0.12
26 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1S)- 17:15 0.24
27 Cyclohexanol, 1-methyl-4-(1-methylethenyl)- 17:28 0.14
28 a-Caryophyllene 17:59 0.39
29 Isoborneol 18:08 0.70
30 cis-b-Terpineol 18:41 0.10
31 a-Terpineol 19:05 497
*RT (min): Retention Time
CHs HsC
0] H3C
CHj
H3C CH3
1,8-Cineole o-Pinene Camphor
OHCH3 HsC CH, O/CHS
/@%CHa Hsc)@f HZC\ﬁ\\v
HsC CHs
a-Terpineol B-Pinene D-Limonene

Fig. 4. Chemical structure of major chemical compounds in rosemary essential oil based on GC/MS analysis.
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