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ABSTRACT

The objective of the current study was to re-examine the chemical components of the essential oil (EO) from
the aerial parts of Skimmia anquetilia N.P. Taylor & Airy Shaw in two different seasons designated as Skimmia
anquetilia rainy season essential oil (SKREO) and Skimmia anquetilia winter season essential oil (SKWEO). The
GC-MS analysis of SKREO and SKWEO resulted in the identification of 42 and 48 constituents, comprising of
95.3 % and 95.4 % of the total composition respectively. Both SKREO and SKWEO varied in their chemical
composition in terms of quantity viz: linalyl acetate (15.8% - 17.6%), linalool (13.2% - 13.9%), geijerene
(11.6% - 11.7%), a-thujene (11.3% - 11.1%), a-terpineol (6.1% - 6.1%), geranyl acetate
(5.0% - 5.1%), a-terpinyl acetate (3.3% - 3.1%), myrcene (3.0% - 3.1%), geraniol (2.6% - 1.9%), a-pinene
(2.1% - 2.2%), trans-f-ocimene (2.1% - 2.3%), cis-f-ocimene (2.0% - 2.2%) and neryl acetate
(2.3% - 2.4%). Besides qualitative differences SKREO and SKWEO, both were studied for their pesticidal activities.
The study exhibited potent antifeedant activity against Spodoptera litura and nematicidal activity against Meloidogyne
incognita. Based on the present observations, it was found that besides its academic importance, shrub Skimmia
anquetilia can be a good source of phytochemicals like linalyl acetate, linalool, geijerene, thujene and can be used

for the development of herbal source for antifeedant and nematicidal activity after proper clinical trials.
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ABBREVIATIONS

EO : Essential oil

BOD : Biological oxygen demand

GC/MS Gas chromatography-mass spectrometry
SKREO Skimmia anquetilia rainy essential oil
SKWEO Skimmia anquetilia winter essential oil
SPSS : Statistical Package for the Social Science
CRD : Completely randomised design

MLAC Mean leaf area consumed

1. INTRODUCTION

Humans have acquired life benefits by discovering
aromatic and medicinal plants for food and medicine since
time immemorial. Traditionally, Indian medicine (ayurveda)
has become a part of every civilisation with medicinal and
aromatic plants used and applied to sustain life. Natural
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products have consistently been utilised as nutritional
supplements or in the treatment of numerous disorders
in comparison to synthetic ones because of their wide
range of pharmacological activities, along with better
safety and efficacy. Plant-derived natural products have
been and will continue to be a major source of pesticides,
foods, drugs and other raw materials for mankind.'?
Skimmia anquetilia N.P. Taylor & Airy Shaw, a Rutaceae
family member, is a gregarious aromatic shrub often
known as “Nair,” “Nairpati,” or “Nairpat,” that grows in
shaded regions and is recognised for its pleasant aroma’
(Fig. 1). It is found to be distributed from the Himalaya
in Kashmir, India and spread right across south-east Asia,
Japan and China. It has also been found growing in
shrubberies of Afghanistan to Western Nepal.* There are
7 species in the genus Skimmia reported to be distributed
worldwide,’ three of which (Skimmia laureola, Skimmia
anquetilia, Skimmia arborescens) are reported in India.
One species (Skimmia anquetilia) has been reported
in Uttarakhand.®® The S. anquetilia plant’s roots have
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been reported as remedy to scorpion and snake stings,
whereas the plant leaves are used to treat smallpox. In
indigenous medicine, the dried leaves have been reported
to be used as pesticides, insecticides, food, and flavour
in the traditional cuisines of some hill tribes.” The local
people of the Pir-Panjal Himalayan Range use the plant
for paralysis, pneumonia, lung cancer and anaesthesia.!’

EOs contain terpenoids, which are considered to be
responsible for their bioactivity, and modes of resistance.

Figure 1. Skimmia anquetilia aerial part.

EOs have been marketed as safe alternatives to synthetic
chemical pesticides for pest control because of their low
harm to the environment and public health. The EOs of
S. anquetilia have drawn a lot of interest due to their
inherent insecticidal, nematicidal, antifungal, antibiotic,
and antiviral capabilities, which protect plants from
diseases.!" The variability in the chemical constituents
of the EO of S. anquetilia has been ascribed to various
components, including geographic conditions, scasonal,
climate, harvest time, and distillation method. In a previous
study, linalool and linalyl acetate have been reported as the
major component of EO extracted from S. anquetilia.'>'3'

The plant seems to be one of the most promising
alternatives to conventional insecticides and pesticides.
Plant nematodes are difficult to be controlled by a single
strategy, and require a variety of methods as part of an
integrated system for managing destructive organisms.'
Synthetic prescribed nematodes like carbofuran and flupyram
have unfavourable effects on the environment, non-target
organisms, and plants, leading to a number of environmental
and health problems like pesticide poisoning, persistent
toxicity in the water, soil, and detrimental effects on
beneficial insects.'®!7 As a result, it is necessary to create
selective, ecofriendly and safer alternatives approaches
for better control of pests. Recently, extensive efforts
have been made to screen plants in order to develop new
botanical pesticides as an alternatives to the currently
used insecticides.'®!” Botanical insecticides are rapidly
biodegradable, having little or no effect on the environment
or non-target microorganisms, also are cheap and simple
to manufacture, and may inhibit the development of
resistance.?

A wide range of plant metabolites with nematostatic
and nematicidal activities has been thoroughly reported in
order to develop eco-friendly alternatives. The EOs have been
reported to be effective against insects and nematodes.?!*?
The literature search revealed that the plant’s antifeedant
and nematicidal effect against agricultural pests have not
yet been fully investigated. Although the chemical makeup
and antioxidant potential of S. anquetilia EOs have already
been reported from our laboratory®, we have reinvestigated
the seasonal variation in the chemical constituents of
EOs extracted from the aerial parts of S. angquetilia,
and performed pesticidal evaluation with respect to anti-
feedant and nematicidal activities.

2. METHODOLOGY
2.1 Plant Sample Collection and Preparation

The fresh aerial plant part material of Skimmia
anquetilia was collected from Harinagar, District Nainital,
Dhari, Uttarakhand, India, situated at the height of
2100m in the months of September 2020 and January
2021. S. anquetilia was verified and validated by Dr.
D.S. Rawat (Plant Taxonomist), Department of Biological
Sciences, CBSH, G.B. Pant University of Agriculture and
Technology, Pantnagar with voucher specimen number
GBPUH-1027.

2.2 EO Extraction, GC-MS Analysis and Identification
of Chemical Compounds

About 950 g of the aerial portions of S. anquetilia
were subjected to the hydro distillation method in a
Clevenger-type equipment for about 3-4 h for EO extraction.
EOs were collected neat and desiccated over anhydrous
sodium sulphate. In order to facilitate further investigation,
the obtained EOs were kept at low temperature (4°C )
in the refrigerator. For SKREO and SKWEO, the yield
of oils measured on a fresh weight basis was found to
be 0.7 % and 0.6 % (v/w), respectively.

Using a GC-MS-QP 2010 Ultra with a 5MS
DB-5 silica capillary column (30 m x 0.25 mm
and 0.25 pm thickness) and a mass spectrometer
(5971 A°) as the detector, volatile EOs were examined for
chemo-profiling. Carrier gas He, column flow rate
of 1.21 mL/min, injection method: split, pressure of
69 KPa, split ratio of 1:10, inter-phase temperature of
270 °C, and scan range of 50-600 Da were the parameters
programmed for the analysis. The temperature was first set at
50 °C for 2 min, then increased to 210 °C
(3 °C rate per min), then again decreased for
2 min, then again increased to 240 °C
(8 °C rate per minute) and isothermal for 11 min. MS were
recorded using a split mode of 1:100 with an injection volume of
0.1 pL under EI conditions (70 eV). By comparing the
mass spectra fragmentation pattern with that of actual
samples of Kovatt indices and that of the MS library
(WILEYS8.LIB, NIST14.lib, and FFNSC2.lib) and by
comparing the spectra with published data, it was possible
to identify the components of the Eos.”
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2.3 Anti-feedant Activity

The insect anti-feedant activity of SKREO and
SKWEO against Spodoptera litura was performed under
no-choice conditions. EOs at different concentrations of
2.0 uL, 4.0 pL and 8.0 pL were prepared in Tween-20
(1.0 %) solution. Fresh castor leaves were cut into 4x4
square shapes and dipped in each tested oil concentration
for 20 sec and then air dried. Similarly, fresh castor
leaves were also submerged in Tween 20 (1.0 %) as
control setup. The third instar insects were starved
for 2-3 h prior to treatment. The treated dried leaves
were transferred into petri plates for feeding the
insects. Three replicates for each sample were kept for
analysis. After 12 and 48 h, the amount of leaf area
consumed was plotted on graph paper.?* Total leaf area
consumed was observed after 24 and 48 h and per cent
anti-feedant activity was calculated as follows:

where, Nt = number of mobile nematodes after the treatment;
Nc = number of mobile nematodes in water control.

2.4.3 In-vitro Egg Hatchability Test of M. Incognita

The experiment was conducted to evaluate the effectiveness
of SKREO and SKWEO on the emergence of M. incognita
eggs. To calculate the effect of EOs on the number of
emerged eggs from egg masses, root-knot nematodes of an
infected capsicum plant were employed. In gridded Petri
dishes with SKREO and SKWEO concentrations of 2.0,
6.0, and 10.0 uL/mL, two egg masses of M. incognita
were taken. The egg masses dipped in a Tween 20 (1.0
%) were used as a control. A BOD incubator was used
to keep all treatments set up in triplicate and an entirely
random order while maintaining a steady temperature of
27 °C. After 24 h, 48 h, and 72 h, the number of eggs
emerged were counted under a microscope (magnification
of 40X) to record the findings, respectively.

Leaf area consumed in control - leaf consumed in treatment

% antifeeding activity =

X 100

Leaf area consumed in control - leaf consumed in treatment

2.4 Nematicidal Activity
2.4.1 Nematode Population Collection

Meloidogyne incognita was raised on capsicum
(Capsicum annuum) in a glasshouse at 25+2 °C in the
Vegetable Research Center of G.B.P.U. A&T, Pantnagar.
From the sickly capsicum roots, hand-selected mature egg
masses were removed and cultivated in distilled water
at 25 °C in a growth chamber. Emerged juveniles (J2)
were gathered and kept in storage at 5 °C until needed.?

2.4.2 Mortality Assay on J, Larvae of M. Incognita

The experiment was carried out to assess the effectiveness
of SKREO and SKWEO on the mobility of second-stage
larvae (J,) against M. incognita. To separate J, larvae,
the galled capsicum roots were thoroughly rinsed in
running water and then cut into 2 cm small pieces. The
small pieces of roots placed in sodium hypochlorite
(2 %) solution was shaken for two minutes to separate
the organic matter from the eggs. The eggs were sieved
on a 38um-pore, collected, and cleansed after the solution
was put through a series of sieves. To collect 2™ stage
juveniles from hatched eggs after 48 hrs, the egg
suspension was first incubated at 28+1°C. 100 juveniles
were taken on Petri dishes containing three concentrations
(1.0, 3.0, and 5.0 uL/mL) of EOs. Observations of three
replicates were taken at the time intervals of 24, 48,
and 72 hrs using a stereo-binocular microscope. The
juveniles in Tween 20 (1 %) were treated as control.
Every treatment was set up using a CRD (completely
randomised design). Larvae were put in water to see if
they were still alive (mortality). None of the motionless
larvae regained their movement, proving that they had
all died. Abbott’s algorithm was used to determine the
percentage of nematode mortality.

Nt
% nematode mortality = 100 X (1 — E)
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2.5 Statistical Analysis

The experimental data were expressed as mean+standard
deviation, and each treatment was duplicated three times.
At a 1 % significance level (p=0.01), ANOVA was used
to analyse the experimental data for nematicidal and
antifeedant actions. At the appropriate level of significance,
it was discovered that the studied data were significantly
different. Using the SPSS.16 programme, three factor
analysis was performed on the combined data.

3. RESULTS AND DISCUSSION
3.1 Seasonal Effects on Chemical Makeup of EOs

The average yields of SKREO and SKWEO was
found to be 0.70 % and 0.60 %, respectively. The GC/MS
analysis might reveal the presence of over 42 compounds
contributing 95.3 % of the total oil composition in
SKREO and over 50 constituents contributing 95.4 %
of the total oil in SKWEO. Both SKREO and SKWEO
were found to be dominated by monoterpene ester
(26.6% and 28.2%), oxygenated monoterpene
(23.8% and 23.6%), monoterpene hydrocarbon
(23.3% and 23.3%), hydrocarbons (12.7% and 12.7%),
oxygenated sesquiterpene (7% and 6.3%), sesquiterpene
hydrocarbons (1.4% and 1.0 %) and sesterterpene hydrocarbon
(0.5% and 0.3%) respectively. A significant qualitative
and quantitative difference in the essential oil composition
in present and previous studies by Mathela, et al., 1992
and Gondwal et al., 2012 has been observed (Table 1).

Linalyl acetate (15.8%) was the majoritarian
component in SKREO followed by linalool
(13.2 %), geijerene (11.6%), a-thujene (11.3%), a-terpineol
(6.1%), geranyl acetate (5.0%), a-terpinyl acetate
(3.3%), neryl acetate (2.3%) and a-pinene (2.1%)
whereas in SKWEO the major component remains the
same viz. linalyl acetate (17.6%) followed by linalool



OM PRAKASH, et al.: COMPARATIVE COMPOSITIONAL ANALYSIS AND PESTICIDAL EFFICACY OF ESSENTIAL OILS

% Contribution

Compounds KI Classes of Present Study Previous study
compound SKREO  SKWEO  Mathela, eraL, 1992  Gondwal, et al, 2012
o-thujene 930 MH 11.3 11.1 - t
o-pinene 939 MH 2.1 2.2 0.2 t
camphene 954 MH T t - t
sabinene 975 MH 1.4 1.5 0.1 t
myrcene 990 MH 3.0 3.1 0.4 t
cis-f-ocimene 1037 MH 2.0 2.2 0.7 0.8
heptyl acetate 1043 ME - t - -
trans-f-ocimene 1050 MH 2.1 2.3 0.5 0.1
y-terpinene 1059 MH 0.1 t - 0.6
p-mentha-3,8-diene 1072 MH 0.2 0.1 - -
cis-linalool oxide 1074 oM - t - -
terpinolene 1088 MH 0.4 0.2 - t
linalool 1096 OM 13.2 13.9 7.8 9.5
geijerene 1143 Hydrocarbon 11.6 11.7 5.0 2.0
[-pinene oxide 1159 OM 0.1 0.1 - 0.6
o-phellandrene 1170 MH 0.7 0.6 - t
a-terpineol 1188 OM 6.1 6.1 1.8 5.6
nerol 1229 OM 1.3 1.3 0.6 0.1
f-phellandrene 1230 MH - - 1.6 1.8
isogeijerene C 1249 Hydrocarbon - - - 0.4
geraniol 1252 oM 2.6 1.9 1.9 -
linalyl acetate 1257 ME 15.8 17.6 55.6 7.3
pregeijerene B 1276 Hydrocarbon - 0.1 - -
cogeijerene 1285 Hydrocarbon 0.7 0.4 - -
pregeijerene 1287 Hydrocarbon 0.4 0.5 12.3 0.1
terpinen-4-ol acetate 1299 OM 0.5 0.3 - 0.4
ethyl linalyl acetate 1344 ME 0.2 - - -
a-terpinyl acetate 1349 ME 33 3.1 0.9 4.2
cis-hydrindane 1351 Ses H 0.5 0.3 -
neryl acetate 1361 ME 23 2.4 1.1 0.9
8-epi-dictamnol 1380 oS - t - -
geranyl acetate 1381 ME 5.0 5.1 2.5 1.8
(Z)-caryophyllene 1408 (0N - t - -
dictamnol 1429 (0N - 0.4 - -
aromadendrene 1441 SH - 0.3 - -
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humulene 1454 SH 0.4 - - 0.4
cabreuva oxide B 1464 oS 0.2 0.1 - -
epi-cubebol 1494 (0N - - - 0.9
bicyclogermacrene 1500 SH 0.2 0.2 - 1.6
a-farnesene 1505 SH 0.4 t - -
a-cadinene 1538 SH - - - 0.8
a~copaen-11-ol 1541 (0N T - - -
elemol 1549 oS 1.8 1.3 0.6 -
nerolidol 1563 oS 0.4 0.4 0.4 0.4
germacrene D-4-ol 1575 (0N - t - -
caryophyllene oxide 1583 (0N 0.1 t - 4.4
viridiflorol 1592 (6N - - - 0.1
y-eudesmol 1632 oS 0.3 t - 3.9
a-acorenol 1633 (0N 0.2 - - -
guaia-3,9-dien-11-ol 1649 (0N 0.2 0.1 - -
f-eudesmol 1650 oS - - - 0.2
a-cadinol 1654 os - - - 3.0
selin-11-en-4-a-ol 1659 (0N - - - 3.1
bulnesol 1671 (0N - - - 0.2
elemol acetate 1680 (0N 1.9 1.6 - -
a-bisabolol 1685 (0N - - - 7.2
caryophyllene acetate 1701 SH 0.4 0.5 - 4.4
bicyclovetivenol 1742 oS - - - 1.4
(2E,6E)-farnesol 1743 oS 0.2 - 0.7 -
y-eudesmol acetate 1784 (0N - t - -
fc];:t’ft?'famesyl 1846 0S 1.7 2.4 1.5 -
(Z)-lanceol acetate 1855 SE - t - -
Total (%) 95.3 95.4 96.2 68.2
Monoterpene Hydrocarbon (%) 233 233 3.5 33
Oxygenated Monoterpene (%) 23.8 23.6 12.1 16.2
Sesquiterpene Hydrocarbon (%) 1.4 1.0 - 7.2
Oxygenated Sesquiterpene (%) 7.0 6.3 3.2 24.8
Sesterterpene Hydrocarbon (%) 0.5 0.3 -
Monoterpene Ester (%) 26.6 28.2 60.1 14.2
Sesquiterpene Ester (%) - t - -
Hydrocarbons (%) 12.7 12.7 17.3 2.5

SKREO= Skimmia anquetilia rainy essential oil, SKWEO= Skimmia anquetilia winter essential oil, t = trace >, 0.1.
MH= Monoterpene Hydrocarbon, OM= Oxygenated Monoterpene, SH= Sesquiterpene Hydrocarbon, OS= Oxygenated Sesquiterpene,
ME= Monoterpene esters, Ses H= Sesterterpene Hydrocarbon, SE= Sesquiterpene Ester.
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(13.9%), geijerene (11.7%), a-thujene (11.1%), a-terpineol
(6.1%), geranyl acetate (5.1%), a-terpinyl acetate
(3.1%), neryl acetate (2.4%) and oa-pinene (2.2%).
The study of the EO composition of SKREO and SKWEO
showed variation in the quantity of percent contribution
for the major and minor constituents in both seasons. The
oil collected in the rainy season (SKREO) revealed the
presence of a-humulene (0.4%) and (2E, 6E)- farnesol
(0.2%), which were found to be missing in SKWEO.
Similarly, components like aromadendrene (0.3%) and
dictamnol (0.4%) were present in SKWEO but missing
in SKREO. The present research compares the seasonal
chemical components profiles of SKREO and SKWEO
with that of existing report in a detailed manner in
Table 1. The GC-MS chromatogram of SKREO and
SKWEO is shown in (Fig 2).

To identify possible relationships between volatile
compound concentrations and seasonal collection, cluster
analysis was applied to a matrix linking EO composition
to seasonal variation. The dendrogram obtained from
cluster analysis of EOs collected for two seasons revealed
segregation of the identified compounds into four main
clusters, endorsing the results of the dendrogram displayed
in (Fig 3), which revealed the near distance of volatile
compound concentrations of SKREO and SKWEO in
different seasons. The dendrogram revealed segregation

endorsing the results of major compounds in first cluster
(linalyl acetate, linalool, a-thujene, geijerene) and second
cluster (a-terpineol, geranyl acetate) whereas minor
compounds in the third cluster (a-phellendrene, geijerene,
nerolidol, pregeijerene, (Z)-caryophyllene etc.) and trace
compounds in the fourth cluster (myrcene, a-terpinyl
acetate, sabinene, nerol, elemol etc) as displayed in
(Fig 3). The dendrogram revealed the near distance of
volatile compound concentrations of S. anquetilia obtained
from the present study and previous literature.

On comparing the data with previous study, it was
observed that the major constituent linalyl acetate was
found to be 55.6 % and 7.3 % respectively'>!3, whereas
in SKREO and SKWEO it was 15.8 % and 17.6 %
respectively. Compounds like geraniol, elemol, nerolidol,
guaia-3,9-dien-11-ol, (2E,6E)- farnesol, (2E,6E)-farnesyl
acetate , aromadendrene, cis-hydrindane, dictamnol,
8-epi-dictamnol, f- germacrenol, f- eudesmol acetate,
lanceol acetate, (Z)- caryophyllene identified in SKREO
and SKWEO were totally missing in the previous study.!”
Compounds such as a-thujene, a-pinene, myrcene, sabinene,
terpinolene etc. identified as major constituents in SKREO
and SKWEO were present in trace amount in previous
study. The compounds like geraniol, elemol, nerolidol
identified in SKREO and SKWEO were missing in previous
study. Similarly, the compounds like pS-phellandrene,

of the identified compounds into four main clusters epi-cubebol, a-cadinene, nerolidol, viridiflorol,
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Figure 2. (a) GC-MS chromatogram of SKREO.
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Figure 2. (b) GC-MS chromatogram of SKWEO.

p-eudesmol, selin-11-en-4-a-o0l, a-cadinol, bulnesol,
a-bisabolol and bicyclovetivenol were identified in
prior study but missing in SKREO and SKWEO.
The linalyl acetate and linalool have also been reported
in aerial parts of Skimmia laureola and Skimmia
anquetilia." Linalool has been reported as a major compound
in leaf EO of Skimmia laureola from Pakistan, whereas
linalyl acetate has been reported as the major constituent
in the leaf EO from the central Himalayas of Jammu and
Kashmir in India.?® S-phellandrene, a-pinene, myrcene,
limonene, linalool, linalyl acetate, a-terpineol, neryl acetate,
geranyl acetate have been reported in the EO of S. japonica
ssp. japonica and S. japonica ssp. Reevesiana.*” Thus, the
two main compounds, linalool and linalyl acetate, were
found common in all the Skimmia species. However,
f-phellandrene (52.0%), a-pinene (13.9%) and limonene
(5.95%) have been reported as major compounds in S.
Japonica ssp. Japonica.?” The study and published literature
reveal that the linalool and linalyl acetate are the marker
compounds in Skimmia anquetilia.

3.2 Pesticidal Activities
3.2.1 Antifeedant Activity

The antifeedant activity of SKREO and SKWEO was
assessed using the mean leaf area consumed (MLAC)
through ‘No choice method’ in a dose dependent manner
against 3™ instar larvae of S. litura. Percent antifeeding
activity at the high dose level of 8 pL/mL was observed
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to be 74.06 % in SKREO and 91.67 % in SKWEO. The
percent feeding reduced from 58.5 % to 18.12 % in
SKREO and from 10.25 % to 1.00 % in SKWEO as the
dose value of EOs increased from 2-8 pl/mL. The percent
feeding showed an inverse relationship with the percent
antifeeding activity. Both SKREO and SKWEO exhibited
potent antifeeding activity against 3™ instar larvae of
test insect S. litura. The detailed antifeeding activity of
SKREO and SKWEO has been depicted in Table 2 and 3.
The growth and development behavior of EO/extract from
S. anquetilia has been carried out on Caryedons erratus
from our laboratory. The antifeedant activity of a-pinene
and linalool against agricultural pest has been reported.?®
Geraniol, terpineol and linalool have been reported to
possess insect repellent activity.?” The major compounds
such as frams-f-ocimene, a-pinene, a-terpineol, linalyl
acetate, linalool and dictamnol isolated from S. laureola
have been reported to be responsible for the insecticidal
property.’® Based on literature search, no reports exist
on the antifeedant potential of S. anquetilia EO against
S. litura. As a result, it is being reported for the first time.
Based on the aforementioned facts, it can be concluded
that anti-feedant activity of SKREO and SKWEO might be
possibly due to the presence of major constituents such as
linalyl acetate, linalool, a-thujene, geijerene, a-terpineol,
a-terpinyl acetate, myrcene, geranyl acetate, geraniol and
a-pinene or due to the additive or synergistic effect of
major, minor, or trace components of EOs which exhibits
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Figure 3. Cluster dendogram of linking essential oil composition to seasonal variation.
Table 2. Antifeedant activity of SKREO * against Spodoptera litura
Mean Leaf Area Anti
Feedi Anti feedant
Conc. (uL/mL) Consumed MLAC"® Feeding %  feedant . ee. 1ng i feedan
inhibition category
24 Hrs 48 Hrs activity
2 8.1 10.62 9.36+1.78 58.5 16.27 8.86 Slight
4 3.43 7.02 5.2242.53 32.62 53.30 36.34 Moderate
8 2.19 3.61 2.9£1.00 18.12 74.06 58.80 Extreme
Tween 20 (1 %) 9.92 12.45 11.18+1.78 69.87 0 0
*CDh1 0.655 1CD2 0.927 ¢CD3 1.311
fCV =49.85

aSKREO= Skimmia anquetilia rainy essential oil, » MLAC= mean leaf area consumed, “CD1= Critical Difference with respect to
(wrt) treatment, *CD2= Critical Difference wrt concentration, “CD3= Critical Difference wrt interaction between concentration and

treatment, fCV= Coeflicient of Variation

both qualitative and quantitative variations in their make-up.

3.2.2  Nematicidal Activity
3.2.2.1 J, Mortality

SKREO and SKWEO exhibited significant mortality
against second stage larvae (J,) of root knot nematode,
M. incognita after 24, 48 and 72 h. The immobility of
SKREO and SKWEO against M. incognita was dose
and time-dependent when compared to the negative

control. As compared to the negative control, SKREO
and SKWEO showed dose-dependent and time-dependent
immobility against M. incognita. The optimal dose level
of SKREO was observed to be 5 pl/mL, inhibiting
larval mobility by 48.66 %, followed by SKWEO,
which inhibited larval mobility by 47.41 %. The mean
mortality at 5 ul/mL were observed to be in the order:
SKREO (48.66+9.97%) > SKWEO (47.41+7.13%) >
control (7.19+4.27%). The percentage mortality of M.
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Table 3. Antifeedant activity of SKWEO?* against Spodoptera litura

Mean Leaf Area Anti ) )
Conc. (uL/mL) Consumed MLAC®  Feeding%  feedant i:;ietil:i’fn feedan‘:'::tegory
24 Hrs 48 Hrs activity
2 1.94 1.34 1.64+0.42 10.25 17.07 7.87 Slight
4 0.99 0.91 0.95+0.05 5.94 50.52 33.80 Moderate
8 0.10 0.22 0.16+0.08 1.00 91.67 84.62 Extreme
Tween 20 (1 %) 222 1.62 1.64+0.42 12.00 0 0
°CD1 0.640 iCD2 0.906 ‘CD3 1.281
fCV=55.785

*SKWEO= Skimmia anquetilia Winter Essential Oil, "™MLAC= Mean Leaf Area Consumed, ‘CD1= Critical Difference wrt treatment,
4CD2= Critical Difference wrt concentration, *CD3= Critical Difference wrt interaction between concentration and treatment, {CV=

Coefficient of Variation

incognita 2nd instar larvae was observed experimentally
in detail, and the results are shown in Table 4.

3.2.2.2 Egg Hatchability

Egg hatching was shown to be significantly
inhibited by SKREO and SKWEO in a concentration
and time-dependent manner. The emergence rate of
eggs was observed to be inversely related to the dosage
amount of oil samples and linearly proportional to the
exposure time period. SKWEO showed higher inhibitory
effect on eggs hatching of M. incognita as compared to
SKREO. The mean percent rate of egg hatching at a dose
level of 1 uL/mL in SKREO (15.98%) and in SKWEO
(22.85%) whereas the rate of egg hatching at 5 pL/mL
in SKREO (6.43%) and SKWEO (11.27%) revealed that
the concentrations of SKREO and SKWEO are function
of inhibition in egg hatching. The observation layout of
percent egg hatching of M. incognita is being depicted
in Table 5.

It has been reported that linalool, linalyl acetate,
geraniol, f-pinene, a-terpineol, a-pinene, (Z)-caryophyllene,
terpinen-4-ol, f-myrcene, sabinene, a-humulene, a-terpinene,
a-terpinyl-acetate were found to be the major components
of plant EOs which exhibited anti-hatching and anti-
larvae ffect against M. incognita. EOs possessing high
concentrations of monoterpenoids i.e. borneol, citral,
carveol, geraniol, and a-terpineol have been reported
as effective natural nematicides for the control of M.
Incognita.’'* Additionally, it has been shown that some
monoterpenoid components, such as linalool and eugenol,
exhibit nematicidal activity with minimal toxicity.** The
chemical constituents identified in SKREO and SKWEO
are in agreement with the aforementioned constituents. It
is thus inferred that the nematicidal activity in SKREO
and SKWEO towards immobility of 2" instar larvae
of M. incognita and egg hatching might be possibly
due to the presence of aforementioned constituents or
addition/synergetic effect of major, minor or trace
constituents of EO.

58

4. CONCLUSION

From reinvestigation of SKREO and SKWEO, it may
be concluded that both the oils can be used as antifeedant
agents and nematicidals, which shows their potency in
various fields of pharmaceuticals, agrochemicals and
cosmetics. Linalool and linalyl acetate, from various
reports, have been observed as strong bioactive compound
and possess different biological activities. In the current
investigation, linalyl acetate is the major compound with
15.8 %-17.6 % composition in SKREO and SKWEO, respectively.

The EO constituents like linalyl acetate, linalool,
geijerene, thujene, geranyl acetate, a-terpineol, geraniol,
a-pinene, a-terpinyl acetate, trans-f-ocimene, cis-f-
ocimene, sabinene have been reported to have mild to
high nematicidal and antifeedant action. In the present
study, SKREO and SKWEO have been observed to possess
diversified chemical composition with varying chemical
makeup along with the above-mentioned compounds.

Therefore, it can be concluded that EOs of
S. anquetilia can be used as an active agent in controlling
important pests of field crops. S. anquetilia EO therefore
attracts a lot of attention as natural insecticides and can be
seen as one of the promising alternatives to conventional
insecticides. Hence, these EOs could be used as natural
antifeedant and nematicidal instead of the synthetic ones.
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