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ABSTRACT
This study was conducted to evaluate the toxic effect of three essential

oils extracted from Rosemary Salvia rosmarinus (Lamiales:
Lamiaceae), Lemongrass Cymbopogon citratus ( Poales: Poaceae),
and Camphor Eucalyptus melliodora (Myrtales: Myrtaceae) leaves
compared to Diver® 97% E.C. under laboratory conditions on 3™ instar
nymph of Cotton Mealybug (CMB) Phenacoccus solenopsis Tinsley
(Hemiptera: Pseudococcidae). The chemical composition of the
extracted essential oils was clarified. Results showed that the most
remarkable toxic essential oils to the 3" instar nymph of P. solenopsis
after three days of treatment were S. rosmarinus followed by C.
citratus. The LCs, values were 3102591 and 3323.293 ppm,
respectively; while, the LCs, values after seven days for C. citratus
followed by S. rosmarinus were 680.073 and 740.591 ppm,
respectively. Gas Chromatography-Mass Spectrometry was used to
analyze the essential oils and identify the most active ingredients.
Results revealed that the most abundant constituents of E. melliodora
were found to be (z)-tagetenone (20.56%) and p-cymene (16.62%). The
S. rosmarinus essential oil mainly consisted of 1,8-cineol (18.37%),
bornyl acetate (13.02%), and norbornan-2-one (12.53%), while the
major constituent of C. citratus essential oil was ¥-citral (70.44%). S.
rosmarinus and C. citratus essential oil showed a significant relative
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percentage of monoterpenes (90.87% and 89.06%), respectively,
indicating this component may responsible for the highly insecticidal
properties against P.solenopss.

Keywords: Essential oils, Phenacoccus solenopsis, Salvia
rosmarinus, Cymbopogon citratus, Eucalyptus melliodora, Gas
Chromatography-Mass Spectrometry

INTRODUCTION

The cotton plant (Gossypium hirsutum L.) is listed in the top ten
crops commercialized daily. Cotton is sown in more than 100 countries;
it takes about 2.5 percent of the world's arable land (OECD/ FAO,
2016). As normal to crops, pests could be a major concern for cotton
affecting their yields by almost 40% if not adequately managed. In
Egypt, cotton is infested by several pests during its different growth
stages (Alakhdar et al., 2021). It is one of the most important cash
crops and also called silver fiber and plays a pivotal role in the economy
of the country (Abro et al., 2004).

Cotton Mealybugs (CMB) is a major sucking pest that attacks
different varieties of cotton (Sahito et al., 2009). In spite of large
acreage, the yield of seed cotton is very low because of severe pest
complexes. In addition to the direct losses that the insects can cause by
sucking the phloem sap, its feeding secretions (honeydew) cause
additional losses to the plants by disturbing the photosynthesis activity
and inducing fungal contaminations (Arif et al., 2012). The honeydew
also attracts ants which in turn helps in dispersion from plant to plant.
Ants also protect mealybugs from predatory ladybird beetle, parasites,
and other natural enemies (Tanwar et al., 2007). Mealybugs "hard to
Kill pests” commonly known as Pseudococcids are ubiquitous groups of
sap-sucking plant insects. CMB is a highly polyphagous insect pest; it
attacks more than 154 plant species including field crops, vegetables,
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ornamentals, weeds, bushes, and trees (Arif et al., 2009 and Saini et
al., 2009). It causes economic damage mainly to cotton, brinjal, okra,
tomato, sesame, sunflower, and China rose (Arif et al., 2009). The
infested cotton plants become stunted, weak, and produce only a few
small bolls. The leaves appear distorted, turn yellow and eventually
drop off (Culik and Gullan, 2005).

Many studies have determined the importance of using natural
alternatives in integrated pest management programs (Alakhdar and
Ghareeb, 2021), to minimize the overuse of traditional pesticides with
emphasis on the integrated use of biological control, selective
pesticides, and plant derivatives which are safe to the non-target
organisms and the environment. The infestations with mealybugs on
different host plants could be effectively controlled using biological
control agents (Mohyuddin et al., 1997), plant extracts (Dinesh et al.,
2003 and Sunithaet al., 2009), homeo chemicals (Ahmad et al., 2011),
and synthetic insecticides (Gross et al., 2001 and Suresh et al., 2010).

Botanical pesticides are biodegradable (Devlin and Zettel, 1999)
and their use in crop protection is a practical sustainable alternative
nontoxic product and potentially suitable for use in integrated
management programs (Mossa, 2016). The use of phytochemicals
(natural alternatives of plant origin) as a possible alternative to chemical
insecticides might be one of such options which should be explored
given their availability, potency, and low-cost effect (Alagarmalai,
2017). So, the ultimate goal is to evaluate the toxic effect of three
extracted leaves essential oils of Rosemary Salvia rosmarinus, Lemon
grass Cymbopogon citratus, and Camphor Eucalyptus melliodora
compared to Diver® 97% E.C under laboratory conditions on 3 instar
nymph of cotton mealybug and clarify the chemical composition of the
essential oils.
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MATERIALS AND METHODS

Tested compounds:

1-Mineral oil:

Diver 0il® 97% E.C. is light mineral oil (summer oil) produced by EI-
Helb pesticides and chemical Company as emulsified concentrate
formulation. It was used at a rate of 1.5%. Source: Plant Protection
Institute, Cairo.

2-Phytochemicals (Essential oils):

Rosemary Salvia rosmarinus (Family: Lamiaceae).

Lemon Grass Cymbopogon citratus (Family: Poaceae).

Camphor Tree Eucalyptus melliodora (Family: Myrtaceae).

Tested species:

The Cotton Mealybug "CMB™" Phenacoccus solenopsis (Tinsley)
belongs to phylum Arthropoda, class Insecta, order Hemiptera and
family Pseudococcidae.

Toxicological studies:

Culture of Phenacoccus solenopsis Tinsley:

A laboratory strain of the cotton mealybug P. solenopsis was
maintained under constant conditions of (302 °C, 655 %RH) and kept
off any contamination with chemicals till the time of study to obtain a
homogenous strain. P. solenopsis was reared on sprouted potato
Solanum tuberosum as described by (Rashid et al., 2011).

Essential oils extraction technique:

Leaves (1500 gm. from each plant) were collected in January 2020 from
the farm of Medicinal Plants, Pharmacognosy Department, Faculty of
Pharmacy, Mansoura University. The experiment was conducted at
(Plant Protection Research Institute "PPRI"), Mansoura. In laboratory-
scale techniques, steam distillation is the common method used for
essential oils (EOs) extraction. In this method, "Cleavenger Apparatus"
was used. The type of distillation operation, Namely: Direct Steam
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Distillation that used to treat quantities of fresh plant material described
by Masango (2005). The freshly aromatic plant's leaves were subjected
to hydro-distillation for 8 hrs in a Clevenger-type apparatus to extract
their vaporizing essential oils and stored in dark glass tubes under
refrigeration (4°C) until use described by Mostafa et al. (2018).

Gas Chromatography-Mass Spectrometer analysis of essential oils:
The essential oil extracted from leaves of (E. melliodora, S. rosmarinus
and C. citratus) were analyzed by a gas chromatograph coupled with
mass spectrometer “GC/MS” in "NOWAH Scientific Center — Cairo —
Egypt". Gas chromatography-mass spectrometry instrument stands with
the following specifications, Instrument: a TRACE GC Ultra Gas
Chromatographs (THERMO Scientific Corp., USA), coupled with a
Thermo mass spectrometer detector (ISQ Single Quadrupole Mass
Spectrometer). The GC-MS system was equipped with a TR-5 MS
column (30 m x 0.32 mm 1.d., 0.25 um film thickness). Analyses were
carried out using helium as carrier gas at a flow rate of 1.0 mL/min and
a split ratio of 1:10 using the following temperature program: 60 C for
1 min; rising at 4.0 C/min to 240 C and held for 1min. The injector and
detector were held at 210°C. Diluted samples (1:10 hexane, v/v) of 1uL
of the mixtures were always injected. Mass spectra were obtained by
electron ionization (EI) at 70 eV, using a spectral range of m/z 40-450.
The identification of the chemical constituents of the essential oil was
de-convoluted using AMDIS software (www.amdis.net) and identified
by its retention indices (relative to n-alkanes Cg-C;,), mass spectrum
matching to (authentic standards (when available), Wiley spectral
library collection, and NSIT library database as described by (Robert,
A. 1995).
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Bioassay:

For determination of the median lethal concentrate (LCsp) values, a
serial of concentrations (500, 700, 900, 1500, and 2000 ppm) and (500,
2000, 5000, 7000, and 12000 ppm) was prepared from essential oils and
pesticide, respectively. Fresh cotton leaves were collected and used as
a food source. These leaves were dipped for 20 sec. in each
concentration then left to dry for 30 min. The leaves were dipped in
distilled water only in control. Ten newly moulted 3" instar nymphs of
cotton mealybugs were transferred to each Petri dish using a fine camel
hair brush, representing one replication, then confined with treated
leaves in glass Petri plates. Treated leaves had been removed and fresh
untreated leaves were provided for another day. Three replications were
made for each concentration and the control. The dishes were covered
with their lids to prevent the insect escape and maintained under
constant conditions. A binocular microscope was used to distinguish
dead insects from live ones. The daily inspection was carried out of all
treatments (Number of dead insects) and the mortality percentages were
recorded after 3 and 7 days of treatment.

-Statistical analysis:

The average mortality percentage was corrected by the following
formula described by (Schneider-Orelli's, 1947) and (Puntener,

1981).

%mortality in treatment-%mortality in control
Corrected % mortality = =--=-=-mmmmm oo e *100
100- %mortality in the control

From which the corresponding concentration probit lines (LC-p lines)
were estimated in addition to determining (LCsy - LCgy) and slope
values of the tested compounds were also estimated. In addition,
toxicity index was measured for each tested compound using (Sun’s
equation, 1950) as follows:
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LCso of the most effective compound
Toxicity Index = =-=--m-memmemmomemm oo e * 100
LCsxo of the tested compound

RESULTS AND DISCUSSION

Three plant essential oils of three different families were extracted
and examined for their insecticidal activity against 3" instar nymph of
P. solenopsis (Tinsley). The susceptibility of P. solenopsis 3" instar
nymph to the tested essential oils Table (1) showed that S. rosmarinus
exhibited a high degree of efficiency as insecticide after three days of
initial application followed by C. citratus, E. melliodora, and Diver 0il®
showing the LCsqs of (3102.591, 3323.293, 4966.815 and 15080.433)
ppm, respectively and LCqgs 0f (13226.041, 17074.043, 22656.729 and
95566.056) ppm, respectively. Based on S. rosmarinus (100), the
toxicity index being (93.359, 62.466, and 20.574) % for C. citratus, E.
melliodora and Diver o0il®, respectively. However, in Table (2) C.
citratus proved a high degree of efficiency as insecticides after seven
days of application followed by S. rosmarinus, Diver o0il® and E.
melliodora showing the LCsys of (680.073, 740.591, 1381.831, and
2483.432) ppm, respectively and LCgyps of (4020.773, 4226.784,
8974.716 and 13385.587) ppm, respectively. Based on C. citratus
(100), the toxicity index being (91.828, 49.215, and 27.384) % for S.
rosmarinus, Diver 0il®, and E. melliodora, respectively.

Li et al. (2021) revealed that intercropping rosemary with sweet
pepper under greenhouse conditions significantly reduced the
population densities of three major pest species on sweet pepper,
Frankliniella intonsa, Myzus persicae, and Bemisia tabaci, but did not
affect the population densities of released natural enemies, predatory
bug Orius sauteri, and parasitoid Encarsia formosa. Habibpour et al.,
(2020) showed that LCs, values of pure Mentha longifolia L. and
Mentha piperita L. EOs (F: Lamiaceae) after 48 hours were 113.49 and
129.74 ppm, respectively on reared P. solenopsis 1% instar nymphs.
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Other studies (EI-Sonbaty et al., 2018) recorded 100 and 100 %
mortality at high concentrations (40ul/l) against females of P.
solenopsis, for Thyme (F: Lamiaceae) and Lemon grass (F: Poaceae),
respectively. However, Thyme essential oil recorded the highest
mortality percentage with LCso = 8.094 ul/l followed by Lemon grass.
Results are in agreement with those obtained by (Mostafa et al., 2018)
who proved that Thymus vulgaris (F: Lamiaceae) exhibited a high
degree of efficiency as insecticide after 24h and 72h of initial
application against P. solenopsis adult females followed by Syzygium
aromaticum (F: Myrtaceae). Also, Mohamed et al. (2018) found that
mortality varied according to the essential oil type and the delivered
dose (ppm). The most remarkable toxic essential oils after 24h and 72h
of treatment were T. vulgaris (F: Lamiaceae) followed by Mentha
longifolia (F: Lamiaceae) essential oil. The LCs, values were 29.03 and
34.32 ppm, respectively after 24h while after 72h of treatments were
15.04 and 24.93 ppm, respectively. Similar results were also
documented by (Peschiutta et al., 2017) who evaluated Minthostachys
verticillata Griseb. (F: Lamiaceae) and Eucalyptus globulus Labill. (F:
Myrtaceae) EOs as insecticidal products on Planococcus ficus Signoret
under laboratory conditions. Results revealed that M. verticillata (LCso
39.60 uL.L-1) was more toxic than E. globulus (LCsp 63.97 uL-L-1).
Prishanthini and Vinobaba (2014) obtained that Ocimum
sanctum L. (F: Lamiaceae) was effective significantly (p<0.05) at lower
concentrations and has the 0.6% concentration as LCsy against P.
solenopsis. Hayat et al. (2015) indicated that the neem seed extracts
(acetone and n-hexane extracts) caused 100 % mortality of P.
solenopsis after 48 hrs. Choi et al. (2003) recorded at 2.3x107 pl/ml
air, > 80% mortality with lemongrass oil against whitefly Trialeurodes
vaporariorum Westwood. Muhammad et al. (2017) cleared that lesser
concentrations of botanicals can be used to manage cotton mealybug,
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Phenacoccus solenopsis Tinsley, and have non-toxic effects on natural
enemies.

The neurotoxic mode of action was reported by observing its
symptoms when insect pests were treated with essential oils or their
constituents (Kostyukovsky et al., 2002 and Priestley et al., 2003). The
competitive inhibition of Acetyl Cholinesterase Enzyme (AChE) by
monoterpenes has been previously reported (Lee et al., 2001 and
Abdelgaleil et al., 2009). For this reason, the components of the three
essential oils S. rosmarinus, C. citratus and E. melliodora were
chemically investigated using GC/MS technique represented in Figures
(3-5) and Table (3). The qualitative and quantitative compositions of
the essential oils were analyzed also in (Fig. 3-5 and Table 3) and the
most abundant constituents of E. melliodora were found to be (2)-
tagetenone (20.56%), p-cymene (16.62%) and (-)-spathulenol
(14.60%). The S. rosmarinus essential oil mainly consisted of 1,8-
cineol (18.37%), (-)-spathulenol (5.79%), and (+)-limonen (3.17%),
while the major constituents of C. citratus essential oil were x-citral
(70.44%) and y-dodecalactone (9.22%). S. rosmarinus and C. citratus
essential oil (Table 3) showed a significant relative percentage of
monoterpenes (90.87% and 89.06%), respectively than E. melliodora
(77.2%), indicating that their presence and percentages may responsible
for the highly insecticidal properties against P.solenopsis 3™ instar
nymph.

Habibpour et al.,, (2020) showed that pulegone (51.49%),
menthone (22.75%), and 1,8-cineole (11.69%) were the principal
components of Mentha longifolia (F: Lamiaceae) and menthone
(36.51%), menthene (28.51%), menthol (8.12%), and 1, 8-cineole
(7.66%) were the principal components of Mentha piperita (F:
Lamiaceae). Albazaz and Al-Naggash (2019) showed that x-citral
represents the major compound in the Cymbopogon citratus oil with
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(42.27%) and this result is comparable to this study Shah et al., (2011)
result which identified several volatile oil in lemon grass with a-citral
being the major compound with (40.8%). The quality of lemon grass
oils determines by citral content (Pengelly 2004 and Negrelle and
Gomes 2007). Breitmaier (2008) mentioned that terpenoids are
volatile substances that provide plants and flowers with their fragrance.
They find widely in the leaves and fruits of higher plants, citrus,
conifers, and eucalyptus. Our finding is in agreement with those
obtained by Abdelgaleil et al., (2009) who suggested that AChE may
be a target for monoterpenes. Similar results were also documented by
Sharaby and El-Nujiban, (2015), Tayoub et al., (2012), Lee et al.,
(2001), and Lee et al., (2003) who reported that terpenes such as 1,8-
cineole have an insecticidal and repellent activity. Such results were
also recorded by Oladeji et al., (2019) who obtained that citronella oil
(one of the essential oils obtained from the leaves and stems of different
types of lemongrass that contains the monoterpene x-citral) is used as
an insecticide (bio-pesticide). Tripathi et al. (2009) indicated that EOs
obtained from the plant families, including Asteraceae, Myrtaceae,
Apiaceae, Lamiaceae, and Rutaceae have insecticidal activity. Khater
(2012) reported that bio-insecticides (e.g., EOs) have been posted as an
alternative to synthetic insecticide in agriculture and public health
sectors.

Atmani-Merabet et al. (2018) revealed 39 compounds in GC/MS
analysis of Eucalyptus globulus, essentially oxygenated monoterpenes
(86.01%), monoterpenes (5.74%), monoterpenes alcohols (4.05%), and
sesquiterpenes alcohols (2.74%). The main constituents of the oil were
1,8-cineole (78.45 %), o-cymene (2.18 %), isopinocarveole (1.74 %),
a-pinene (1.69 %), pinocarvone (1.34%) and veridiflrol (1.31%).
Mostafa et al. (2018) found the most abundant constituents of Thymus
vulgaris (F: Lamiaceae) to be a-sabinene (16.16%), (-)-p-caryophyllene
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(13.79%), thymol (12.53%), and y-terpinene (5.47%). The Mentha
longifolia (F: Lamiaceae) essential oil mainly consisted of piperitenone
oxide (15.02%), 4-terpinenol (10.10%) and (-)-cyperene (9.21%). T.
vulgaris essential oil showed a significant relative percentage of
monoterpenes (61.32%) than M. longifolia (47.28%), indicating that
their presence may responsible for the highly insecticidal properties
against P. solenopsis adult females. Dayal et al., (1997) revealed the
presence of 80 compounds. Nine compounds identified are ¥-pinene
(8.34%), pB-pinene (4.43%), myrcene (0.24%), terpinene or
phellandrene (12.73%), p-cymene (7.25%), limonene (1.97%), cineole
(52.11%), borneol (0.22%) and x-terpineol (0.82%).
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Table (1): Susceptibility of 3™ instar nymphs of cotton mealybug Phenacoccus
solenopsis (Tinsley) 3™ day after oils application.

Tested compounds LCso (ppm) its limits at 95% LCgo (ppm) its limits at 95% Slope + SE I-::jxe';'(t)); X?
Diver® 15080.433 95566.056
. - — — 1.598 + 0.505 20.574 1.780

Mineral oil 97% 9635.239 69986.889 32493.492 8334404.943

3102.591 13226.041
Rosemary s = 2.035 + 0.600 100 1.279
Salvia rosmarinus 2027.288 12726.413 5279.379 380252.691

3323.293 17074.043
Lemon Grass —= = 1.803 + 0.559 93.359 4641
Cymbopogon citratus 2046.845 18704.277 5950.704 1148196.442

4966.815 22656.729
Camphor Tree 1.944 + 0.598 62.466 0.484
Eucalyptus melliodora 2757.552 45341.654 7303.361 2007112.599
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Fig. (1): Susceptibility of 3" instar nymph of cotton mealybug Phenacoccus solenopsis
(Tinsley) 3" day after oils application.
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Table (2): Susceptibility of 3™ instar nymphs of cotton mealybug Phenacoccus solenopsis (Tinsley) week

after oils application.

T e Toxicit
Tested compounds LCso (ppm) its limits at 95% LCgo (ppm) its limits at 95% Slope + SE In%)gil;:) X?
Diver® 1381.831 8974.716
— ————— +
Mineral oil 97% 258.919 ‘ 2384.211 6159.096 ‘ 21760.094 1577+0.444 49.215 3451
Rosemary 740.591 4226.784
+
Salvia rosmarinus 435023 | 981740 2354.298 |  31914.664 169420434 1) 91628 | 154
Lemon Grass 680.073 4020.773
. — " 1.660 + 0.496 100 1.154
Cymbopogon citratus 358.310 |  908.524 2250827 |  32246.064
Camphor Tree 2483.432 13385.587
+
Eucalyptus melliodora 1678.338 9157.025 5090.531 564830.133 1.752£0533 21.384 | 3.584
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Fig. (2): Susceptibility of 3" instar nymph of cotton mealybug Phenacoccus solenopsis
(Tinsley) week after oils application.
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Fig. (3): GC chromatogram of Lemon grass Cymbopogon citratus
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Fig. (4): GC chromatogram of Rosemary Salvia rosmarinus

RT:000-3763 SM: 158
6.00 NL:
1003 W, ' 59959
El TIC MS
90 1361 S1_Drlena
e ‘ N
B [
703
FIE ’ |
3 603
i |
s / l ' |
5 40] [ |
2 | | AR [
30 | | i |
3 i | ‘ |
205 I
El (VL 11.05 |
105 ia(m | '|"w ]} | 1485 1630
| WV A VI ees NI "V.NMU 1877 2058 2246 2402 2551 2791 3042 3277 300
e e -
2 4 A 10 12 14 1 18 20 22 24 26 o] 30 32 M 36
Time (min)

Fig. (5): GC chromatogram of Camphor Eucalyptus melliodora
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Table (3): Chemical constituents of the essential oils identified by GC/MS technique.
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. C.
Retgntlon Molecular Molecular E S . citratus
No. Compound name time formula weight melliodora rosmarinus |\ oo,
(RT.) (MF) g Area % Area %
Monoterpenes Hydrocarbons

1 p-cymene 3.18 CioH1a 134 16.62

2 y-terpinene 3.59 CioH1s6 136 0.92

3 p-cymenene 4.01 CioH12 132 0.90

4 p-mentha-1,4(8)-diene 4.03 CioH16 136 2.18

5 3-isobutyl cyclohexene 5.03 CioH1s 138 0.89

6 (+)-limonen 6.76 CioH1s6 3.17

7 camphene 9.23 CioHis 136 0.74

Total 18.41 7.01
Oxygenated Monoterpenes

8 eucalyptol 3.24 CioH150 154 2.90
9 1,8-cineol 3.31 C10H180 154 18.37

10 cosmen-2-ol 3.76 Ci0H160 152 0.39

11 linalool 4.19 C10H180 154 0.51 1.89

3,7-dimethylocta-1,6-

12 dien-3-ol 4.29 Ci0H180 154 3.93

13 chrysanthenone 4.64 Ci10H140 150 0.49

14 norbornan-2-one 491 C1oH160 152 0.59

15 p-menth-8-en-2-one 5.00 C10H160 152 1.85
16 norbornan-2-one 5.11 C1oH160 152 12.53

17 cis-verbenol 5.35 C10H160 152 1.29
18 isoborneol 5.38 C10H180 154 10.98

19 terpinen-4-ol 5.42 C10H180 154 2.56 1.98

20 trans-verbenol 5.67 Ci0H160 152 0.39 2.59
21 4-isopropylcyclohex-2- 585 CoH10 138 274

enone

22 (-)-p-fenchol 5.91 C10H180 154 2.21

23 (2)-tagetenone 6.01 C10H1.0 150 20.56

24 (-)-cis-Sabinol 6.15 CioH160 152 2.06

25 levoverbenone 6.27 Ci10H140 150 10.73

26 p-isopropy! benzaldehyde 6.80 C10H120 148 7.99

27 trans-shisool 6.88 C10H180 154 2.27

28 p-menth-1(7)-en-2-one 6.95 C10H160 152 0.68

29 ¥-citral 6.97 C10H160 152 70.44
30 p-menth-1-en-3-one 7.06 C1oH160 152 0.43

31 geraniol 7.09 C10H180 154 0.43

32 phellandral 7.45 C10H160 152 11.82 0.28

33 2-caren-10-al 7.65 C10H140 150 0.48

34 bornyl acetate 7.70 Ci12H2002 196 13.02

35 cumic alcohol 7.81 C10H1:0 150 1.89
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36 p-cymen-7-ol 7.87 C10H140 150 5.16
37 carvacrol 8.10 C1oH140 150 5.83 1.03
38 neryl acetal 8.25 C12H202 198 5.12
hexahydro-3-
39 methylenebenzofuran- 8.60 CoH120, 152 0.32
2(3H)-one
40 geranyl vinyl ether 9.57 Ci12H20 180 2.98
Total 58.79 83.86 89.06
Total Monoterpenes 71.2 90.87 89.06
Sesquiterpenes Hydrocarbons
41 caryophyllene 10.25 CisHaa 204 2.45
42 humulene 10.89 CisHa4 204 0.52
43 aromadendrene 11.06 CisHoa 204 1.26
44 cadina-1(10),4-diene 12.26 CisHa4 204 0.35
Total 1.26 3.32
Oxygenated Sesquiterpenes
45 (+)-cycloisolongifol-5-ol 10.92 CisH240 220 0.68
46 (-)-spathulenol 13.43 C15H240 220 14.60 5.79
47 viridiflorol 13.77 CisH260 222 0.24
48 ledene oxide-(ii) 13.90 CisH240 220 2.73
49 4(182’1213;—rtﬂgﬁ5?B—ol 1485 | CisHaO 220 050
50 ylangenal 16.31 CisH20 218 1.21
Total 19.96 5.79
Total Sesquiterpenes 21.22 9.11
51 y-dodecalactone 8.72 C12H2,0; 198 9.22
52 Ztgrar;]‘if’éfgez‘j}"“gﬁ;‘r{) 1030 | CopMwO; | 336 1.72
53 methyleugenol 9.93 C11H1402 178 0.46
Total 0.46 10.94
Total 98.42 100.44 100.00
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CONCLUSION

Phytochemicals (biopesticides based on essential oils) appeared to be a
complementary or alternative method in crop production and integrated pest
management. Concerning the development of quality herbal medicine
adjustment of the extracts, phytopharmacology of altered extracts, isolation,
and representation of active phytopharmaceuticals, illumination of the
mechanism of action of the isolated compounds and clinical features of the
compounds are much required to develop new natural products which are more
efficient, but, above all, will overcome the problem of increasing pest resistance.
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