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Management of Spodoptera littoralis infestation has been achieved by using chemical insecti-
cides; however, the environment-friendly methods without unwanted side effects of these
chemicals are becoming very important in modern pest management strategies. Natural
products including plant extracts and oils are some of the alternative approaches in pest
control. In the present work, insecticidal activities of oils from garlic cloves (Allium sativum),
and ginger rhizomes (Zingiber officinale) were evaluated on S. littoralis by means of sublethal
concentrations. The essential oils were extracted and their chemical composition was identi-
fied using a GC Ultra-ISQ mass spectrometer. The results showed that there were highly
significant differences between all treatments and the control in some biological aspects. The
larval and pupal duration was significantly prolonged, also pupal weight increased for all
treatments when compared to the control. The percentage of hatchability of deposited eggs
was significantly decreased, especially when using ginger both oil extracts at LCso
concentration. On the other hand, the pupation percentage, rate of adult emergence, sex
ratio and female fecundity were not significantly affected by all applications. The catalase
enzyme (CAT) activity showed significant difference only at LCsp of ginger oil.

Key words: Spodoptera littoralis, environment-friendly insecticides, sublethal concentrations,

Allium satioum, Zingiber officinale, CAT enzyme.

INTRODUCTION

The Egyptian cotton leafworm, Spodoptera
littoralis (Boisd.) (Lepidoptera: Noctuidae) is one
of the most notorious and destructive poly-
phagous insect pests in Egypt. The extensive
application of chemical insecticides to control
this pest led to the development of resistance to
conventional insecticides (Ishaaya et al. 1995). In
addition, the environmental problems caused by
overuse of these pesticides have been a matter of
concern for both scientists and the public in recent
years. Therefore, natural insecticides are consid-
ered a new promising alternative for pest control
as they reduce negative impacts on human health
and the environment (Isman 2000; Rehman et al.
2009).

Secondary compounds from plants such as
alkaloids, terpenoids, phenolics, and flavonoids
may be effective on insect pests in several ways
through disruption of major metabolic path-
ways and cause rapid death, act as attractants,
deterrents, phago-stimulants, antifeedants or

modify oviposition (Smet et al. 1986; Houghton
1996). Crude extracts of plants and their isolated
components have shown ovicidal, repellent,
antifeedant, sterilisation and toxic effects on
insects (Nawrot & Harmatha 1994; Isman 2006).
The active components such as monoterpenoids,
cyanohydrins and cyanates, sulphur compounds
(dimethyl disulphide, diethyl trisulphide, di-n-
propyl disulphide, allyl disulphide, diallyl tri-
sulphide, and allyl thiosulphinates), alkaloids
(Z-asarone) and others (methyl salicylate, ben-
zene derivatives, bornyl acetate, and terpinolene)
caused insect toxicity in the vapour phase
(Rajendran & Sriranjini 2008). Essential oils rich
in monoterpenes can cause death of insects by
inhibiting acetylcholinesterase activity on the
nervous system (Houghton 1996).

Garlic (Allium sativum) contains various chemi-
cal compounds, including flavonoid, allicin
(allyl-2-propene thiosulfinate), which is responsi-
ble for garlic’s pungent smell and only exists in
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crushed garlic cloves, have been reported as a
phytoalexin (Cavallito et al. 1945; Farnsworth &
Bunyapraphatsara 1992; WHO 1999; Ross et al.
2000; Yukihiro et al. 2002). Garlic oil contains some
sulphur-containing compounds (aliin, ajoene,
allicin, diallyl trisulphide, dithin, sallylcysteine),
enzymes, minerals (Mg, Zn, Se, Ge), vitamins (C,
A, B complex), amino acids, proteins, saponins and
flavonoids (Block 1992; Johnson et al. 2013). Garlic
extracts have shown bactericidal and fungicidal
properties. Therefore, garlic essential oil was
reported to have insecticidal effects on pests of
stored products (Ho et al. 1996).

Ginger (Zingiber officinale), a member of the
Zingiberaceae family, is a well-known spice used
either fresh or dried in the daily dietin many coun-
tries (Panjiet al. 1991; Demin & Yingying 2010). The
rhizomes have been also used for medicinal
purposes in India and China (Oliver 1959; Hasan
et al. 2012). Zingiber officinale showed high insecti-
cidal efficacy on Diphtheria spp. and proved to be
highly effective against mosquito larvae (Okonkwo
& Ohaeri 2013).

Most of the identified components of ginger oil
were sesquiterpene hydrocarbons such as zingi-
berene, f-bisabolene, a-farnesne, -sesquiphellan-
drene; monoterpene hydrocarbons a-curcumene
and phenolic compounds as gingerol and shogaol
extracted by methanol and n-hexane, respectively
(Hasan et al. 2012).

The toxicity and the activity of sublethal concen-
trations of some bio-insecticides like spinosad, and
emamectin benzoate in addition to a new group of
insecticides including the diamide group, and
indoxacarb have been extensively studied on
different species of lepidopteran insects (Yin ef al.
2008; Lopez et al. 2010; Wang et al. 2011; Guo et al.
2013; El-Sheikh 2015; Moustafa et al. 2016). On the
other hand, thereis alack of information about the
effect of the plant oils extracts on pests and the
effect of their sublethal concentrations on the
oxidative stress enzymes in insects. Generally,
cellular metabolism in living organisms is a contin-
uous source of reactive oxygen species (ROS),
which destroy the cell components at high
concentration (Ilhan ef al. 2005). ROS could be
removed by antioxidant defence enzymes such as
catalase (CAT), which has the ability to consume
hydrogen peroxide (H2Oz) at high concentration
and quickly converts it to water and oxygen (Kono
& Fridorich 1982; Felton 1995).

The aim of this study was to evaluate the effect of

garlic and ginger essential oils on the life history
parameters and on the activity of CAT enzyme in
the cotton leafworm S. littoralis.

MATERIAL AND METHODS

Plant samples
Samples of garlic cloves and ginger rhizomes
were bought from a herbarium store in Alexandria

city, Egypt.

Oil extraction

Garlic cloves and ginger rhizomes were dried for
two days at 45 °C in an oven, then ground to
powder using a small laboratory mill. Samples of
200 g powder of dry garlic and ginger were soaked
in 200 ml n-hexane for two weeks. The macerated
samples were filtered using filter paper No. 1
and the oils were obtained after the solvent was
evaporated under reduced pressure using a rotary
evaporator. The extracted oils were stored at 4 °C
for further use (Salem et al. 2013).

Gas chromatography-mass spectrometry
(GC-MS) analysis

The chemical composition of the oil extracts
were identified using a Trace GC Ultra-ISQ mass
spectrometer (Thermo Scientific, U.S.A.); carried
out at the Atomic and Molecular Physics Unit,
Experimental Nuclear Physics Department, Nu-
clear Research Centre, Egyptian Atomic Energy
Authority, Inshas, Cairo, Egypt with a direct capil-
lary column TG-5MS (30 m X 0.25 mm X 0.25 um
film thickness. Helium was used as the carrier gas
(flow rate of 1 ml/min), and the oven temperature
programme was: 45 to 165 °C (4 °C/min) and 165 to
280 °C (15 °C/min) with post run (off) at 280 °C.
Samples (1 ul) were injected at 250 °C, with
split/splitless injector (50:1 split ratio) in the
splitless mode flow with 10 ml/min. The solvent
delay was 2 min and diluted samples of 1 ul were
injected automatically using Auto-sampler
AS3000 coupled with GC in the split mode.
Electron ionisation (EI) mass spectra were col-
lected at 70 eV ionisation voltages over the range
of m/z 40 to 550 in full scan mode. The ion source
and transfer line temperatures were set at 200 and
250 °C, respectively. The components were identi-
fied by comparison of their retention times and
mass spectra with those of Wiley 09, mainlib,
replib and NIST 11 mass spectral database (Adams
2001).
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Insect culture

The laboratory strain of S. littoralis used in this
study has been reared in the laboratory and had
not previously been exposed to any insecticides as
described by El-Defrawi et al. (1964). Larvae were
reared on fresh castor bean leaves (Ricinus commu-
nis) at 25 + 1°Cand 75 = 5 % RH. The pupae and
adults were transferred to suitable cages for
mating and egg deposition. Emerged moths were
fed on a 10 % sugar solution.

Bioassay and determination of lethal and
sublethal concentrations

Insecticidal activities of the garlic and ginger oils
were tested on neonate larvae of S. littoralis. Five
different concentrations, i.e. 500, 1000, 2000, 4000,
and 6000 mg/l (ppm) of both compounds were
used in the experiment. Castor bean leaves were
dipped in each concentration for 20 s after which
leaves were left to air-dry. The experiment had
four replicates. Each replicate consisted of 25
larvae. The larvae were kept in 1-1 glass jars and
were allowed to feed on a pair of treated leaves for
48 h, after which they were placed onto untreated
leaves until death or pupation. Larvae in the
control treatment were fed on untreated leaves.
Mortality was recorded daily for seven days post-
treatment to calculate the lethal and sublethal
concentrations of both oils on S. littoralis larvae.
The bioassay was repeated twice.

Effect of garlic and ginger oils on development of
S. littoralis

Sublethal concentrations (LCis and LCso) of both
garlic, A. sativum, and ginger, Z. officinale were
used in subsequent experiments to determine
their effects on development time of larval and
pupal stages, accumulative mortalities and adult
emergence. Larval duration and mortality were
recorded daily until the last instar. Non-feeding
lastinstar larvae were transferred individually toa
clean cup containing sawdust for pupation and
covered. Each pupa was gently removed from
the sawdust after three days, sexed and weighed,
and kept separately in the same cup with moist
cotton wool to record the duration of the pupal
development period and percentage moth emer-
gence.

Studies on fecundity and fertility
After emergence, groups of five females and
seven males were transferred to 1-1 glass jars lined

internally with white paper, covered on top with
fine mesh, and fed as described above. Three repli-
cates, each consisting of five females and seven
males were used at each of the two sublethal
concentrations. Mating of females was confirmed
visually. Deposited eggs were counted from day 2
to day 6 of mating. The eggs were transferred to a
clean Petri dish with a piece of wet cotton wool
and kept for three to five days to record hatchabili-
ty percentage.

Effect of garlic and ginger oils on the
catalyses enzyme (CAT)

Seven days post-treatment of neonate larvae
with two sublethal concentrations (LCi5 and LCsp)
of both oils, all live treated and untreated larvae
were transferred to clean jars and left for 24 h
before the biochemical assays. CAT activity was
measured using Biodiagnostic Kit No. CA 2517,
which is based on the spectrophotometric method
described by Aebi (1984). The activity of CAT
enzyme was determined by measuring the rate of
H>0» consumption via absorbance at 240 nm.

Statistical analysis

Percentage mortality of the treated larvae was
adjusted by the percentage mortality of the un-
treated larvae using Abbott’s formula and then
subjected to Probit analysis version 1.5 (EPA Probit
Analysis Program) to estimate the LCis, LCs0 and
LCo for each oil. Data on life history parameters,
and the oxidative stress enzyme were performed
using one-way ANOVA (SAS 2001) followed by
Duncan’s multiple range test.

RESULTS

Chemical composition of garlic oil

GC-MS analysis of oil extracted from garlic
cloves showed the presence of 82 compounds
(Table 1). The main chemical constituents were
diallyl disulphide (6.03 %), nonadecane, 9-methyl-
(4.45 %), nonadecane (3.47 %), tetradecane,
2-methyl- (3.37 %), octadecane (3.33 %), 1-decanol,
2-hexyl- (3.27 %), dodecanoic acid, hex-3-enyl
ester (2.75 %), 1-dodecanol,3,7,11-trimethyl-
(2.66 %), tridecane, 5-propyl- (2.56 %), eicosane,
2,4-dimethyl- (2.48 %), cyclohexanecarboxalde-
hyde,3,3-dimethyl-5-oxo- (2.36 %), disulphide,
methyl 1-propenyl (2.33 %), 2-hexyl-1-octanol
(2.32 %), eicosane, 2,6,10,14,18-pentamethyl-
(2.21 %) and heptadecane (2.00 %).
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Table 1. Chemical composition of garlic, Allium sativum, clove oil analysed by GC-MS.

Retention Compound Peak area  Molecular  Molecular
time (%) weight formula
(min)
2.62 1-Propene, 3,3’-thiobis- 0.22 114 CeH10S
3.27 1,3-Dithiane 0.78 120 C4HsS2
3.55 Disulphide, methyl 1-propenyl 2.33 120 C4HsS2
4.07 Dimethyl trisulphide 0.45 126 CoHeSs
5.77 Diallyl disulphide 6.03 147 CeH10S2
7.00 Trisulphide, methyl 2-propenyl 1.77 152 C4HsSs
8.08 3-Vinyl-1,2-dithiacyclohex-4-ene 0.52 144 CeHsS2
8.58 3-Vinyl-1,2-dithiacyclohex-5-ene 0.52 144 CsHsS2
10.34 Trisulphide, di-2-propenyl 0.47 178 CsH10S3
12.00 Tetradecane 0.34 198 CisHs0
13.02 Tridecane, 3-ethyl- 0.68 212 CisHaz
13.10 Tetradecane, 5-methyl- 0.44 212 CisHa
13.22 Tetradecane, 4-methyl- 0.30 212 CisHaz
13.32 Tetradecane, 2-methyl- 0.44 212 CisHs
13.48 Tetradecane, 3-methyl- 0.53 212 CisHs
14.70 Nonadecane 0.76 268 CigHao
15.20 48,6S-Dimethyl-7R-hydroxynonan-3-one 1.33 186 C11H202
15.13 Nonadecane, 9-methyl- 0.67 282 CooHa2
15.25 Tetradecane, 2,5-dimethyl- 0.54 226 CieHsa
15.34 Pentadecane, 2-methyl- 0.88 226 CieHsa
15.5 Pentadecane, 3-methyl- 0.92 226 CieHas
16.06 Hexadecane 1.30 226 CiHaa
16.22 5-Octadecene, (E)- 1.65 252 CigHass
16.36 Hexadecane,2,6,10,14-tetramethyl- 0.50 282 CooHaz
16.51 Cyclohexane, 1,4-didecyl- 0.55 364 CosHs2
16.74 9-Tricosene, (2)- 0.41 322 CasHas
17.07 Tetradecane, 4-ethyl- 0.69 226 CieHaa
17.19 Hexadecane, 4-methyl- 0.66 240 Ci7Hs6
17.29 Hexadecane, 2-methyl- 1.12 240 Ci7Hss
17.44 Heptadecane, 3-methyl- 1.05 254 CigHss
17.76 1,3-Dioxolane-4-methanol,2-pentadecyl-, acetate, cis- 0.74 356 C21H4004
17.99 Heptadecane 2.00 240 Ci7H36
18.13 1-Dodecanol,3,7,11-trimethyl- 2.66 228 CisH320
18.27 Ditetradecyl ether 0.52 410 CogHssO
18.07 Pentadecane, 8-hexyl- 0.38 296 CotHaa
18.90 2-Hexyl-1-octanol 2.32 214 C14H300
19.06 1-Decanol, 2-hexyl- 0.78 242 Ci6H340
19.20 1-Tridecane, 7-cyclohexyl- 1.24 266 CigHss
19.30 Cyclopentane, (4-octyldodecyl)- 0.87 350 CosHso
19.48 Heptadecane, 3-methyl- 1.05 254 CigHss
19.63 (E,E)-3,7-Cyclodecadien-1-one,3,7-dimethyl-10- 0.82 218 C15H220
(1-methylethylidene)
19.71 Eudesma-5,11(13)-dien-8,12-olide 0.64 232 C15H2002
20.07 Octadecane 3.33 254 CigHss
20.28 Tridecane, 5-propyl- 2.56 226 CiHas
20.53 a-Santonin 0.39 246 C15H1303
20.65 Z,Z-4,6-nonadecadien-1-ol acetate 0.70 322 Co1H3502
20.76 Cyclopentane, (4-octyldodecyl)- 0.53 350 CosHso
20.91 Cyclohexanecarboxaldehyde,3,3-dimethyl-5-oxo- 2.36 154 CoH 140,
21.09 Octane, 4,5-diethyl- 0.40 170 Ci2Hz6

Continued on p. 88
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Table 1 (continued)

Retention Compound Peak area  Molecular Molecular
time (%) weight  formula
(min)
21.22 Octadecane, 4-methyl- 0.56 268 Ci9Hao
21.32 Hexadecane, 5-butyl- 0.73 282 CaoHaz
21.50 1-Hexadecanol, 2-methyl- 1.68 256 Ci7H360
21.68 Naphthalene, 1-(1-decylundecyl)decahydro- 0.79 432 CsiHeo
21.90 Eicosane 0.73 282 CooHaz
22.05 Nonadecane 3.47 268 CigHao
22.27 Phytol 1.02 296 C20H400
22.32 Propanoic acid, 2,2-dimethyl-,5-(phenylthio)-3-methyl- 1.28 292 C17H24028
3-Pentenyl ester
22.42 E,E,Z-1,3,12-nonadecatriene-5,14-diol 0.65 294 C19H3402
22.80 Eicosane, 2,4-dimethyl- 2.48 310 CooHas
23.12 Heptadecane, 9-octyl- 1.08 352 CoasHs2
23.21 Nonadecane, 2-methyl- 0.93 282 CooHaz
23.37 Nonadecane, 2,3-dimethyl- 1.14 296 CotHaa
23.46 Oxalic acid, cyclohexyl decyl ester 0.90 312 C1gH3204
23.61 Dodecane, 2,6,10-trimethyl- 1.26 212 CisHs
23.92 Tetradecane, 2-methyl- 3.37 212 CisHao
24.11 Dodecane,1-cyclopentyl-4-(3-cyclopentylpropyl)- 1.22 348 CosHas
24.23 Oxalic acid, butylcyclohexylmethyl ester 1.45 242 C13H2204
24.57 Nonadecane, 9-methyl- 4.45 282 CooHa2
24.77 Heptadecane, 9-octyl- 0.58 352 CosHsz
24.89 Octadecane,3-ethyl-5-(2-ethylbutyl)- 0.89 366 CoeHsa
24.98 Eicosane, 2-methyl- 1.48 296 1.48 296 CoiHs4
25.17 1-Decanol, 2-hexyl- 3.27 242 Ci6H340
25.29 Dodecanoic acid, hex-3-enyl ester 2.75 282 Ci1sH3402
25.60 Octadecane, 5,14-dibutyl- 1.78 366 CosHs4
25.67 Sulphurous acid, decyl pentyl ester 1.14 292 Ci15H3.058
25.87 1-Heneicosanol 1.10 312 C21H440
25.97 Eicosane, 2-cyclohexyl- 0.95 364 CosHs2
26.17 Tetratetracontane 0.77 618 CasHgo
26.28 Eicosane,2,6,10,14,18-pentamethyl- 2.21 352 CasHs2
26.57 Eicosane, 3-methyl- 0.35 296 CoiHaa
27.30 Cyclohexane,1,3,5-trimethyl-2-octadecyl- 0.40 378 Cao7Hsa

Chemical composition of ginger oil

Data on the composition of ginger oil is provided
in Table 2. Ginger oil is composed of 41 com-
pounds and the main components were isopropyl
myristate (16.41 %), tetratetracontane (13.16 %),
a-zingiberene (12.26 %), 17-pentatriacontene
(10.68 %), eucalyptol (4.5 %), celidoniol, deoxy-
(4.47 %), octadecane, 3-ethyl-5-(2-ethylbutyl)-
(4.21 %), phenol, 2-methoxy-4-(2-propenyl)-
(3.25 %), cholestan-3-one, cyclic 1,2-ethanediyl
aetal, (5a)- (3.12 %), a-phellandrene (2.66 %),
(Z,Z)-a-farnesene (2.55 %), heptadecane, 9-hexyl-
(2.55 %), benzene,1-(1,5-dimethyl-4-hexenyl)-4-
methyl- (2.5 %), and 9-octadecenoic acid (Z)-,
9-hexadecenyl ester, (Z)- (2.25 %).

Toxicity of garlic and ginger on neonate
larvae of S. littoralis

Both of garlic and ginger exhibited low toxicity
against neonate larvae of S. littoralis with LCso
values of 3889 and 4330 ug/ml, respectively, while
LCoo values were 7315 and 10369 ug/ml, respec-
tively (Table 3).

Sublethal effect of garlic and ginger on
developmental aspects of S. littoralis

The results presented in Table 4 showed that
both garlic and ginger significantly increased
larval and pupal developmental time. Duration of
larval and pupal period were significantly longer
in case of ginger treatments with LCsy value
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Table 2. Oil composition of ginger, Zingiber officinale, analysed by GC-MS.

Retention Compound Peak area Molecular Molecular
time (%) weight  formula
(min)
4.06 (Z,Z)-a-farnesene 2.55 204 CisHoa
4.98 Eucalyptol 4.5 154 C1oH1s0
5.99 a-Phellandrene 2.66 136 CioHis
8.04 Decanal 1.56 156 Ci1oH200
8.98 Heptadecane, 9-hexyl- 2.55 324 CosHas
11.43 Phenol,2-methoxy-4-(2-propenyl)- 3.25 164 C10H1202
11.97 Docosane 0.55 310 Cz2Has
12.17 Thiophene, 2-decyl- 0.89 224 Ci4H24S
13.71 Celidoniol, deoxy- 4.47 408 CagHso
13.96 Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- 25 202 CisHa
14.20 a-Zingiberene 12.26 204 CisHaa
14.82 a-Sesquiphellandrene 0.10 204 CisHza
16.31 Phenanthrene,9-dodecyltetradecahydro- 0.13 360 CosHas
17.30 2,2-Dimethyl-3-[3-methyl-5-(phenylthio)pent-3-enyl]oxirane 0.01 262 C16H20S
18.77 Cyclohexane,1,1’-dodecylidenebis[4-methyl- 0.02 362 CosHso
19.86 Cyclohexane, 1,1’-dodecylidenebis[4-methyl- 0.40 362 Ca6Hs0
20.64 Isopropyl myristate 16.41 270 C17H3402
20.82 Cyclohexane, (1-hexadecylheptadecyl)- 0.32 546 CaeH7s
20.88 2H-Pyran,2-(3-heptadecynyloxy)tetrahydro- 0.13 336 Co2H4002
21.46 2-Nonadecanone 0.12 282 Ci19H30
21.76 17-Pentatriacontene 0.18 490 CasHzo
22.52 1-Dotriacontanol 0.56 466 Ca2HesO
22.69 Cyclohexane,1,4-dimethyl-2-octadecyl- 0.58 364 CosHs2
23.05 Cyclohexane,1,1’-dodecylidenebis[4-methyl- 0.14 362 CasHso
23.15 Pentalene,octahydro-1-(2-octyldecyl)- 0.17 362 CaeHso
24.09 17-Pentatriacontene 10.68 490 CasHro
24.30 1-Pentatriacontanol 0.82 508 CassH720
25.63 Cyclohexane,1,3,5-trimethyl-2-octadecyl- 0.38 378 Cao7Hsa
26.06 14-a-H-Pregna 1.57 288 Ca1Hss
26.65 Eicosane, 7-hexyl- 1.52 366 CoasHs4
27.21 Eicosane, 3-cyclohexyl- 0.15 364 CosHs2
29.65 17-Methyl[2.2.2](1,3,5)benzeno(3,3,3")triphenyl 1.94 414 CaoHso
methanophane
30.51 Octadecane,3-ethyl-5-(2-ethylbutyl)- 4.21 366 CosHsa
31.01 9-Octadecenoic acid (2)-, 9-hexadecenyl ester, (Z)- 2.25 504 Cs4HesO2
33.00 Octadecane,9-ethyl-9-heptyl- 0.83 380 Co7Hse
34.25 Octadecane,1,1’-[1,3-propanediylbis(oxy)]bis- 0.32 580 CaoHsg002
34.46 Stearic acid,3-(octadecyloxy)propyl ester 0.68 594 Cs9H7803
34.85 Tetratetracontane 13.16 618 CasHoo
35.33 Cholestan-3-one, cyclic1,2-ethanediyl aetal, (5a)- 3.12 430 CogHs5002
36.80 4H-1-Benzopyran-4-one,2-(3,4-dihydroxyphenyl)- 0.76 610 C27H30016

6,8-di-a-d-Glucopyranosyl-5,7-dihydroxy-

compared to garlic LCso, while garlic LCso was
significantly longer than garlic LCi5 and ginger
LCso was significantly longer than garlic LCs and
ginger LCys. There were, however, no significant
differences in percentage of adult emergence
between the two oil treatments and the control.
Female and male pupal weight increased signifi-

cantly after larval treatment with the LCi5 and
LCso dosage of both oils compared to control
values (0.273 mg female and 0.265 mg male).

Fecundity and fertility
Both garlic and ginger significantly decreased
the percentage of hatchability at all concentrations
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Table 3. Toxicity of the garlic, Allium sativum, and ginger, Zingiber officinale, oils on neonate larvae of Spodoptera

littoralis.
Oil extract ®LC+s (pg/ml) PLCso (Hg/ml) °LCy (pg/ml) Slope + S.E.
95 % confidence limits 95 % confidence limits 95 % confidence limits
Garlic 2333.58 3889.56 7315.98 4.67 +0.594
(1818.54-2729.83) (3488.27-4231.31) (6520.10-8709.95)
Ginger 2137.36 4330.57 10369 3.37 £ 0.471

(1561.07-2584.35)

(3857.32-4813.18)

(8508.19-14410.21)

#LC1s: concentration causing 15 % mortality.
°LCso: concentration causing 50 % mortality.
°LCqo: concentration causing 90 % mortality.

tested compared to the control as shown in
Table 5. The percentage eggs that hatched after
treatment of the larvae they originated from at the
LCisand LCs of garlic and ginger was 72.02, 62.96,
75.70 and 61.64 %, respectively. The value for
untreated larvae was 86.78 %. Fecundity of the
females was not affected by the treatments of both
oils at all concentrations and there were no signifi-
cant differences between the oil treatments and
control (Table 5).

Catalase enzyme (CAT) activity

After seven days post-treatment of neonate
larvae of S. littoralis with the LCi5 and LCso of
ginger, the CAT activity was only significantly
higher in larvae exposed to the LCso value (2.19 +
0.36 IU/mg of protein) compared to the untreated

larvae (0.26 + 0.06 IU/mg of protein). There was no
significant difference between CAT activity of
larvae treated with the LC15and LCso rates of garlic
(0.48 + 0.08, and 0.42 + 0.12 IU/mg of protein,
respectively) and the control (0.26 + 0.06 IU/mg of
protein) (Fig. 1).

DISCUSSION

Over the past 25 years, interest in botanical
insecticides including essential oils and plant
extracts increased due to environmental concerns
and problems experienced with insect resistance
evolution to conventional chemical insecticides.
Essential oils and of plant extracts, which are used
as insecticides, presently constitute 1 % of the
world insecticide market (Rozman et al. 2007).

3.0

2.5

2.0

1.5

1.0

0.5

CAT activity (IU/mg protein)

0.0

Current effect: F, ,,, = 17.188, P = 0.00001

LC15
Control

Allium sativum

LC50 LC15 LC50

Zingiber officinale

Treatments

Fig. 1. Effect of sublethal concentrations (LC15 and LCsg values) of garlic and ginger oils on CAT activity in Spodoptera
littoralis.



Table 4. Sublethal effect of garlic (Allium sativum) and ginger (Zingiber officinale) oils on life history parameters of Spodoptera littoralis.

Emergence %

Sex ratio

Pupal weight (mg)

Pupation % **Pupal duration

*Larval duration

Treatment

Male

Female

Male

Female
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99.25* + 0.750 9.34° + 0.060 0.273° = 0.005 0.265° + 0.004 52.55% + 3.34  47.44* = 3.344 98.46° = 0.885

17.58° + 0.103

Control

96.74* = 0.311

51.44* + 4279
55.06" + 6.360

98.55% + 0.835 9.72° + 0.087 0.339° + 0.006 0.311° + 0.003 48.56° = 4.27
10.14° = 0.107 0.349° + 0.007 0.314° + 0.005

95.77* = 3.076

19.28" + 0.061

LCys

Garlic

95.41% + 2.056

44.93* + 6.36

19.50° + 0.088

LCs,

93.62* + 2.162
91.52* + 4198

46.98" + 3.479
41.16" + 6.284

53.01% + 3.47
58.83" + 6.28

0.320° = 0.004
0.346* = 0.010

0.357° + 0.004
0.379* = 0.009

10.01° £ 0.073
10.47° = 0.134

97.44* = 1.076
93.15" + 4.135

19.42° + 0.074
20.28* + 0.122

LCys

Ginger

LCs,

Values marked with the same letter within the same column are not significantly different (P > 0.05: Duncan’s multiple range test).

*Number of days from second instar larvae till pupation.

**Number of days from the pupation till the emergence.

Table 5. Mean fecundity and egg hatch (%) (+ S.E.) of
Spodoptera littoralis after exposure of neonate larvae to
sublethal concentrations (LC+s and LCs, values) of garlic
and ginger oils.

Treatment *Fecundity **Hatchability %
Control 486.31% + 118.77 86.78% + 4.79
Garlic LCys 561.53% + 27.13 72.02% + 8.52
LCso  499.15% + 54.11 62.96" + 3.22
Ginger LGCis 592.26% + 9.40 75.70®° + 6.68
LCso 444.44% + 25.21 61.64° +7.12

Values with the same letter within the same column are not
significantly different (P > 0.05: Duncan’s multiple range test).

*Fecundity was estimated by counting the eggs from the first day
till the sixth day (total number of eggs laid by one female).

**Fertility is calculated by counting of the emerged larvae from
collected eggs batches.

Using LCy5 and LCsp concentrations of oils
extracted from garlic cloves and ginger rhizomes
on neonates of S. [ittoralis indicated that these
essential oils have insecticidal activity and toxic
effects on this species. Results of the study showed
that both oils significantly prolonged the larval
and pupal development periods. Application of
ginger oil at the LCso rate provided improved con-
trol of larvae compared to garlic oil. These results
might be attributed to the major constituents of
ginger oil (monoterpenes and sesquiterpene
hydrocarbons) and garlic oil (organosulphur com-
pounds) that affected the insect neuroendocrine
system and juvenile hormone causing hormonal
unbalance and interrupting the ecdysis process,
thus leading to the prolongation of larval and
pupal developmental time. These findings are in
accordance with that reported by Moawad &
Ebadah (2007) for potato tubermoth, Phthorimaea
operculella (Lepidoptera: Gelechiidae), and Sharaby
& El-Nojibian (2015) on the black cutworm, Agrotis
ipsilon (Lepidoptera: Noctuidae).

The identified components of garlic which
include diallyl sulfphide, diallyl di-sulphide and
diallyl trisulphide have antagonistic properties
against several pests including potato tuber moth,
red cotton bug, red palm weevil, houseflies and
mosquitoes (Amonkar & Banerji 1971). Many of
the insecticidal properties of ginger are ascribed to
the presence of compounds in the rhizomes
known as ‘oleoresisns’ especially those known as
gingerols and shogoals (pungent component)
(Sekiwa et al. 2000). Generally, Onyenekwe &
Hashimoto (1999) reported that ginger contains
approximately 1-4 % volatile oils, the aromatic
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components include zingiberene and bisabolene
with other components of their volatiles include
zingiberene and arcurcumene, f-bisabotene
arcucumene, D-camphor, and arylalkane (Chio &
Laursen 2000).

The percentage of egg hatch was significantly
reduced after exposure of larvae to both oils at
LCso concentrations compared to the LCis and
control. The effect of ginger oil application at the
LCso concentration had the most pronounced
effect on life history parameters of S. littoralis
compared to other treatments. At the same time,
the fecundity of the females that developed from
treated larvae were not affected and there were
no significant differences between the control
and the treatments. The decrease in hatchability
percentage might be due to some physiological
changes that caused disturbance of the embryonic
development. Some of the chemical components
(mainly flavonoids) are thought to be responsible
for the developmental defects that occurred
during the embryonic development of the eggs
and caused the adverse results. These results are
supported by other studies which indicated that
essential oils of different plant species caused a
decrease in egg hatchability (Gurusubramanian &
Krishna 1996; Osman 1999; Khalil & Ismail 2001).
The results of the latter studies, however, do not
support observations made in this study that
female fecundity was not affected by the plant oil
extracts.

The catalase enzyme (CAT) activity was highly
significant only in the LCs treatment of ginger oil
compared to other treatments and the control.
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