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Abstract

In the present study crude extracts of C. odorata and L. nepetifolia plants were screened for their ovicidal, antifeedant and
larvicidal activity with different concentrations of acetone, methanol and aqueous extracts against the third instar larvae of H.
armigera. The highest ovicidal (61.33+0.57% and 63.45+0.77%), antifeedant (62.45+1.26% and 63.17+0.66%) and larvicidal
(65.33+£3.05% and 68.33+0.57%) activities were recorded in methanol extract (5%) of C. odorata and L. nepetifolia
respectively. Further TLC analysis was carried out with four different solvent systems to screen phenolics from methanol
extracts. The solvent system benzene: ethyl acetate: formic acid (6:3:1) showed highest 5 spots in both plant extracts compare

to other solvent systems.
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Introduction

The intensification of agriculture to fulfill food needs has
been increased. Besides that loss in agricultural production
has been also increased due to sevear insect pest attack. In
the past decade, chemical pesticides have played a major
role in agriculture crop protection programmes and have
extremely benefited to mankind in respect of agriculture
production but causes serious threat to human, animal health
and to the environment.

In a tropical country like India, owing to continuous
changing in climate conditions along with insect pest attack
causes sevear losses in agriculture production. Considering
the agro-ecosystems with an increase in population and
dwindling land resources, there is worldwide demand for
natural insecticides to increase the agriculture production.
Therefore, screening of plant resources has been
continuously going on to discover novel natural insecticides
and to develop effective pest management strategy (Jose et
al., 2018) (21,

Helicoverpa armigera (Hubner) is a pest of global
importance with a broad geographical distribution and
polyphagous habits (Chen et al.,) ®l. It is the major pests
that show aggression to the agricultural crops and causing
considerable harm to the economy (Gabriel et al., 2020) (241,
It has a wide host range of 360 species of wild and
cultivated crops. Tomato, sorghum, cowpea, cotton,
pigeonpea, chickpea, okra and range of vegetables suffer
severely by H. armigera damage. It is able to adapt to
various cropping systems due to its high polyphagy, wide
geographical range, mobility, migratory potential,
facultative diapause and high fecundity. (Honnakerappa and
Udikeri, 2018)131, Its distribution is expanding and includes
at least 145 countries and territories (51 in Africa, 42 in
Asia, 29 in Europe, 20 in Oceania and 3 in South America)
(Singh et al.,2018) 32,

Pest management in the developing countries like India is

mainly depends on the use of chemical pesticides as they are
the mainly dependable and economical but unsystematic
apply of them resulted in a series of harms in the agro-
ecosystem viz. resistance, resurgence and residue. The H.
armigera was reported to have developed resistance against
organophosphates and carbamates in many countries of
Asia. Several insecticides and pesticides are used to control
H. armigera. However, harmful effects and persistent nature
of the chemical pesticides demand for eco-friendly
alternatives (Prabhu et al., 2018) . Hence Natural
pesticides are good alternative to synthetic pesticides
because they are safe to environment, natural enemies,
humans and other animals, e.g. most botanical pesticides
have low to moderate mammalian toxicity (Jawad et al.,
2013) (41

The plants are the only producers in the world who produce
phytochemicals for their defense mechanism against plant
eating insects (Thushimenan et al., 2016) B4, These
phytochemicals are ecologically sound, economically
practical, socially acceptable and environmentally
sustainable to develop natural insecticides for effective
control of insect pest. In addition these phytochemicals are
selective in their activity which suggesting that their
application would be environmentally acceptable and
compatible with integrated pest management (IPM)
programs and  effective in  countering  insect
resistance.(Yankanchi et al., 2009) 7],

Phytopesticides are plant based pesticides which offer an
eco-friendly approach to insect pest management than
chemical pesticides. The biological compounds present in
these formulations have several biological activities against
insect pests. More than 2000 plant species have insecticidal
properties against many insect species (Jose et al., 2017) [18],
At present, many researchers concentrate on naturally
available materials to control the various agricultural pests.
The plant based products showing insecticidal potentical by
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acting as antifeedant, larvicidal, pupicidal, growth
inhibitors, repellent, ovicidal, oviposition deterrent, prolong
larval-pupal  durations and produce larval-pupal
intermediates and pupa—adult intermediates. In addition,
they also reduced the protein content, detoxifying enzyme
reduction, interfere with moulting and digestive enzymes of
various agricultural pests (Kathirvelu et al., 2015) (24,
Chromolaena odorata (L.) is one of the world’s worst
tropical weed. It is a member of Asteraceae and one of the
plants that has been associated with pesticidal and medicinal
value in many areas. It is not habitat specific; however it
grows commonly in wastelands (Udebuani et al., 2015) 3%,
The weed goes by many common names including Siam
weed, devil weed, French weed, communist weed etc. The
native range of C. odorata is in the Americas, extending
from Florida (USA) to northern Argentina. Away from its
native range, C. odorata is an important weed in tropical
and subtropical areas extending from west, central and
southern Africa, India, Srilanka, Bangladesh, Laos,
Cambodia, Thailand, southern China, Taiwan, Indonesia etc.
C. odorata is being used traditionally for its many medicinal
properties, especially for external uses as in wounds, skin
infections, inflammation etc. Studies have demonstrated that
the leaf extract has antioxidant, anti-inflammatory,
analgesic, antimicrobial, cytoprotective and many other
medicinally significant properties. (Vaisakh and Pandey,
2012) B¢ The leaf of C. odorata contains grandular dots
that emit a strong insecticidal smell (Akobundu and
Agyakwa 1987) . The phytochemical studies have
revealed the presence of a wide range of chemical entities in
the plant. These studies underline the significance of
treating the widely occurring flora on this planet as potential
sources of new drug entities and not only as harmful weeds.
Theses plant contains essential oils, flavonones and
chalcolnes with cytotoxicity and anticancer properties,
antimicrobial flavonoids, antioxidant phenolic compounds,
antiinflammatory fatty acids, potent a-glucosidase inhibitory
and antibacterial active kaurane-type diterpenoids

and alkaloids. (lawal et al., 2015) 7],

Leonotis nepetifolia (L.) (Family-Lamiaceae) is a tall annual
herb growing in plains, roadsides, waste places near villages
and is often cultivated throughout India. The plant is
identified by its finely pubescent obtusely quadrangular
stems, long internodes and spinous whorls of orange scarlet
flowers with densely wooly upper lip. It is native to tropical
Africa but it was introduced and naturalized throughout
hotter parts of India but it is nowhere common. Common
names of the plant are Knod grass (English), Lion’s ear
(English), Matijer (Gujrati) Gathivan (Hindi), Dipmal
(Marathi), Murandai or Thenthumbai (Tamil) and Ranabheri
(Telugu). Medicinal uses of the plant are reported in
Madagascar, Brazil, Canada, Kenya and many African
countries to treat kidney diseases, rheumatism,
dysmenorrhoea, bronchial asthma, fever and diarrhea
(Pushpan et al., 2012) 1. The drug is reported to have
antibacterial, antiviral, fungicidal, anti-inflammatory,
antinociceptive, pesticides, anticancer, antidiarrheal,
anticonvulsant, antiplasmodial and antidiabetic activities of
different solvent extracts of the various plant parts of L.
nepetifolia (Almeida et al., 2018) [,

This study therefore sought to determine the insecticidal
activities of C. odorata and L. nepetifolia leaf extracts
against H. armigera and their thin layer chromatographic
studies at laboratory conditions.
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Materials and Methods

Plant collection and extract preparation

Fresh leaves of C. odorata and L. nepetifolia were collected
around Devchand College, Arjunnagar, Maharashtra, India
(16.405876 N latitude and 74.363426 E longitudes) The
plant material was identified and a specimen was deposited
at Herbarium of Department of Botany, Shivaji University,
Kolhapur, Maharashtra, India (Voucher specimen No.
VBGO1 and VBGO02 respectively). The leaves were shade-
dried, powdered using electric grinder and extracted
separately with acetone, methanol and water. The crude
extracts were collected in clean borosil vials and stored in
the refrigerator at 4°C for subsequent bioassay against H.
armigera (Baskar et al., 2010) . The extract were further
diluted with respective solvents following serial dilution
method to obtain desired concentration viz., 10, 20, 30, 40
and 50 mg/ml concentrations for subsequent use in the
different experiments.

Rearing of H. armigera

Larvae of H. armigera were collected from infested
chickpea fields around Nippani area. The larvae were fed
with fresh tomato leaves in the laboratory at 26 + 1°C, 13
1 hr photophase, 11 + 1 hr scotophase, and 75 + 5% relative
humidity. After emergence, adults were released into the
oviposition chambers for egg laying and provided with 20%
honey solution. Fresh, tender tomato leaves were kept inside
the chambers to stimulate oviposition. The eggs were kept
in hatching chambers at 75 + 5% relative humidity. Newly-
hatched larvae (neonates) were maintained on the natural
diet. Third instar larvae (weighing 30— 40 mg) were used for
bioassay.

Ovicidal activity

Twenty eggs of H. armigera were dipped in crude extracts
with concentrations 10, 20, 30, 40 and 50 mg/ml. From each
concentration 0.5 ml was used for analysis. Azadirachtin
was used as positive control. For each tested dose, three
replicates were done. The percentage of egg hatched was
calculated by number of larvae that emerged after treatment.
After 4 days, the number of eggs hatched was noted. Petri
plates were placed in an incubator at 28 + 2 °C, 75 + 5%
R.H., and 12:12 h (L:D).

Antifeedant activity

Antifeedant activity of plant extracts was studied using leaf
disc no choice method (Isman et al., 1990) [*6], Fresh tomato
leaf discs of 4 cm in diameter were punched using cork
borer and dipped in 10, 20, 30, 40 and 50 mg/ml
concentrations all extracts separately. Leaf discs treated
with acetone, methanol and water were considered as
control. After air dried, treated leaf discs were kept inside
the each petridish (15mm x 90 mm diameter) separately
containing wet filter paper to avoid early drying of the leaf
disc and a single 2 hrs pre-starved fourth instar larva was
introduced into each petridish. A progressive consumption
of leaf area by larvae after 24 hr feeding was recorded from
control and treated leaf disc using Image J Software. Five
replicates were maintained for each concentration. The
antifeedant activity was calculated using the formula:
Antifeedant activity % = [(C-T) + (C+T)] x 100. Where
“C” is the leaf area consumed in control and “T” is the leaf
area consumed in treatment.
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Larvicidal activity

For the evaluation of larvicidal activity, crude extracts with
concentrations 10, 20, 30, 40 and 50 mg/ml with selected
solvents were prepared. The topical application method
described by Akhtar et al, (2012) Bl with slight
modification was used to evaluate larvicidal potential. Each
larva of third instar applied the dosage of 3 pL of the above
mentioned concentrations solution respectively on the
dorsum of the thorax and abdominal regions by using micro-
pipette. Petri plates were placed in an incubator at 28 + 2
°C, 75 £ 5% R.H., and 12:12 h (L:D). Three replicates were
done for each concentration, and the number of live larvae
was counted after 24 h. larval mortality was observed and
results were recorded. Mortality data was corrected by using
the Abott’s, (1925) [ formula and then used for statistical
analysis.

Thin layer chromatographic studies of phenolics

Thin layer chromatography was performed using standard
methods (Harborne, 1998) (¥, Small quantities of samples
(2 mg/ml) were dissolved in their respective solvents. TLC
is performed on a sheet of aluminium foil which is coated
with a thin layer of adsorbent silica gel, which are
commercially available 60 F254 (Merck). Six phenolic
standards and samples prepared with methanol solvent were
spotted onto the TLC plate as a single spot with capillary
tubes. All plates were dried and visualized by spraying 3%
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FeCls (prepared in ethanol). The used mobile phase systems
chloroform: ethyl acetate: formic acid (5:4:1) (Solvent
system 1), Benzene: ethyl acetate: formic acid (6:3:1)
(Solvent system 1I), Toulene: ethyl acetate: formic acid
(12:6:1) (Solvent system I11) and chloroform: ethanol: acetic
acid (60:4:6) (Solvent system IV). The R: values of the
observed spots were calculated and recorded.

Results and Discussion

Ovicidal Activity

The ovicidal activities of different crude extracts of C.
odorata and L. nepetifolia were studied using the dipping
method. The methanol extracts of both plant sample was
showed highest ovicidal activity (61.33+0.57% and
63.45+0.77%) against H. armigera (Table 1) and which was
significantly high as compared to other extracts and
azadirachtin. The lowest ovicidal activities were recorded in
water extract 14.16+0.22% and 24.56+0.15% respectively.
The results were in confirmation with Mahla et al., (2002)
1231 where ovicidal action on hatching was highest in
methanolic extract of Melia azedarach. It was evident from
the results obtained in the earlier work that the methanol
leaf extract of Tinospora cardifolia could be used
effectively in ovicidal activity of agricultural field pest
Spodoptera litura and Helicoverpa armigera. (Selvam and
Ramakrishnan, 2014) (0

Table 1: Percent ovicidal activity of C. odorata and L. nepetifolia leaf extracts against H. armigera.

Ovicidal Activity (%)
Sr.No Solvent Treatment (%) C odorata L. nepetifolia

0.5 18.62+0.11 20.55+1.11

1 Acetone 1.0 21.34+1.08 25.66+1.24
25 24.33+1.24 30.54+1.52

5.0 41.45+0.44 36.22+0.54

0.5 31.98+0.44 30.85+1.51

9 Methanol 1.0 44.54+0.44 36.22+2.62
' 25 46.33+2.11 44.88+1.25
5.0 61.33+0.57 63.45+0.77

0.5 14.1640.22 24.56+0.15

3 Water 1.0 19.4442.11 32.61+1.08
2.5 22.33+2.30 44.66+0.57

5.0 25.33+1.12 54.76+1.22

4. Azadiractin 0.1 39.64+1.61 40.16+1.31
5 Negative control - 6.55+2.22 5.86+1.12

Antifeedant activity

The percentage antifeedant activity of all solvent extracts of
C. odorata and L. nepetifolia were evaluated and results
pertaining to different concentration were presented in
(Table 2).The efficiency of all solvent extracts against H.
armigera were assayed by comparing the average leaf area
consumed in the treated and control leaf discs. Higher
antifeedant percentage indicated the decreased rate of
feeding. In the present investigation, antifeedant activity is
varied significantly based on the solvents used and
concentrations of the solvent extracts. Among the tested
solvent extracts of both plant samples, methanol extract was
exhibited highest antifeedant activity 62.45+1.26% and
63.17+0.66% at 5 % concentration followed by acetone
extract 50.11+1.57% and 46.13+1.41% respectively. The
least antifeedant activity was noted in water extract
4.30£2.49% and 5.74+0.11% at 0.5 % concentration
followed by acetone extract 10.77+£0.44% and 11.31+1.26%

Values were the means of three replicates + standard error.

respectively. It is noted that, as the concentration of extract
was increased, the antifeedant activity was also increased.
The study noted considerable feeding deterrent activity in
all tested solvent extracts with special emphasis of methanol
extract and acetone extract. In addition, present study noted
the dose dependant antifeedant activity in tested solvent
extracts against the third instar larvae of H. armigera. Our
results are agreed with Chen zetan ! who reported the
significant antifeeding action and poisoning of the crude
extract of C. odorata L against the Helicoverpa armigera.
Similalry, methanol extract of Gliricidium sepium exhibited
significant antifeedant activity at a higher concenteration
against Helicoverpa armigera. (Jose et al., 2017) [8, several
authors have reported that plant extracts possess similar type
of antifeedant activity against Helicoverpa armigera
(Akhtar and Isman, 2004; Raja et al., 2005 Baskar et al.,
2009) 2:29.71,
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Table 2: Percent of antifeedant activity of C. odorata and L.
nepetifolia leaf extracts against H. armigera.

Treatment| Antifeedant activity (%)
Sr.-No Solvent (%) C. odorata | L. nepetifolia
0.5 10.774£0.44 | 11.31+1.26

1 Acetone 1.0 38.25+1.33 | 13.48+0.24
25 45.14+2.32 | 37.88+5.12

5.0 50.11+1.57 | 46.13+1.41

0.5 5.10£1.59 | 5.50+0.14

5 Methanol 1.0 10.12+1.88 | 12.01+1.08
25 48.81+3.14 | 17.87+0.41

5.0 62.45+1.26 | 63.17+0.66

0.5 4.30+2.49 | 5.74+0.11

3 Water 1.0 11.54+1.11 | 13.21+4.09
25 45.71+4.34 | 33.89+2.46

5.0 53.66+2.16 | 48.33+8.62

4. Azadiractin 0.1 51.25+0.34 | 45.66+0.53
5. |[Negative control - 4.26+1.08 | 2.75+2.31

Larvicidal activity

Values were the means of three replicates + standard error.

The larvicidal activity of different crude leaf extracts of C.
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odorata and L. nepetifolia were tested against third instar
larvae of an H.armigera. The perusal of the data clearly
revealed that methanol extract at 5% concentration showed
potential larvicidal effect (65.33+£3.05% and 68.33+0.57%)
respectively (Table.3) followed by acetone extract
(48.33+0.47% and 49.66+0.14%). Whereas, very poor
larvicidal effect (21.66+1.15% and 16.66+0.52%) was noted
with water extract at 0.5% concentration respectively. The
positive control azadirachtin showed 41.66+1.15% mortality
which was comparable to methanolic extract of C. odorata
and L. nepetifolia. As evidenced from the table, generally
increased larval mortality was observed with increased
concentration of the extracts tested against H.armigera.
Among all tests, methanolic extract showed significant
mortality rate as compared to other. All the concentration of
methanol  showed  statistically  superior  activity.
Concentration dependent activity was noticed in all the three
extracts. The methanol extract of R. nasutus was reported to
have a pesticidal effect against the larvae of S. litura
(Kamaraj et al. 2008) 2% Similarly insecticidal potentiality
is revealed by various studies (Gorawade et al., 2019;
Shiragave, 2020,) 1231

Table 3. Percent larvicidal activity of C. odorata and L. nepetifolia leaf extracts against H. armigera.

Larvicidal activity (%)
Sr.No Solvent Treatment (%) C odorata L. nepetifolia
0.5 30.22+1.77 29.66+0.57
1 Acetone 1.0 35.55+0.55 31.33+£0.57
25 38.13+1.66 39.66+0.44
5.0 48.33+0.47 49.66+0.14
0.5 28.66+2.51 33.63+0.57
5 Methanol 1.0 32.33+3.21 46.88+1.52
2.5 45.66+1.15 48.65+3.78
5.0 65.33+3.05 68.33+0.57
0.5 21.66+1.15 16.66+0.52
3. Water 1.0 28.66+2.08 21.66+3.78
25 32.66+0.57 26.33+2.30
5.0 36.66+0.57 38.33+£1.41
4. Azadiractin 0.1 41.66+1.15 40.16+0.75
5. Negative control - 6.33+1.08 7.41+1.10

Values were the means of three replicates + standard error.

Table 4: Thin layer chromatographic studies of phenolics from C. odorata and L. nepetifolia methanolic leaf extracts.

Sr. No Plant sample No. of Spots Rsvalues (Solvent System-1)
1. Standard phenolics 6 0.07,0.02,0.66,0.76,0.81,0.87
2. C. odorata 3 0.23,0.30,0.66
3. L. nepetifolia 3 0.23,0.30,0.66

No. of Spots Rrvalues (Solvent System-11)
1. Standard phenolics 6 0.04,0.14,0.37,0.59,0.67,0.82
2. C. odorata 5 0.04,0.07,0.10,0.37,0.59
3. L. nepetifolia 5 0.04,0.07,0.10,0.37,0.59

No. of Spots Rrvalues (Solvent System-111)
1. Standard phenolics 6 0.04,0.11,0.26,0.42,0.52,0.63
2. C. odorata 2 0.26,0.42
3. L. nepetifolia 2 0.26,0.42

No. of Spots Rt values (Solvent System-1V)
1. Standard phenolics 6 0.08,0.32,0.37,0.69,0.77,0.91
2. C. odorata 1 0.91
3. L. nepetifolia 1 0.91

Thin layer chromatography of phenolics

In the present investigation both plants extracts was
exhibited spots on TLC plates which confirmed the presence
phenolics. The four different solvent systems were used to
screened phenolics. All the four solvent systems showed six

spots on TLC for tested standard phenolics compounds like
quircetin, catechol, gallic acid, Vanillic acid chlorogenic
acid, ferulic acid with greenish, demish blue, blackish,
brownish, bluish and chocolate colours respectively.

Solvent system | show three spots in both C. odorata and L.
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nepetifolia samples and two were matches with standard
phenolics and may be identified as catechol and quircetin
and one spot was unknown. Solvent system Il represented
the five spots in C. odorata and L. nepetifolia samples
respectively. Among which three spots were matches with
standards and may be identified as quircetin, gallic acid and
vanillic acid and two were unknown. Solvent system Ill
exhibit only two spots in C. odorata extract and matched
with standards and might be identified as gallic acid and
vanillic acid, where no spots detected in L. nepetifolia
sample. Solvent system IV represented one spot in both
samples and matched with standards and mightay be
identified as ferulic acid. These results were matches with
Radomir et al., (2004) 281 which confirm the phenolic
standards. The presence of phenolic group in plants is to
protect them from microbial, insect and herbivores damage
(Hassan, 2015) [*4l Many of these active compounds also
possess other functional attributes like anti-inflammatory,
antimutagenic, hypocholestemic and antiplatelet aggregation
properties (Praveena et al., 2012) 1261, The range of R¢ values
as reported in previous studies are 0.3 to 0.9 for terpenes,
0.05-0.85 for phenolic compounds, and 0.5 to 0.9 for
flavonoids in C. odorata extracts (Fecka and Cisowski
1999; Muchuweti et al. 2005; Talukdar et al. 2010) [10.24.33],

Fig 1: Thin layer chromatograpichc studies of phenolics from C.
odorato and L. nepetifolia methanolic leaf extracts. I) chloro form:
ethy. | acetate: formic acid (5:4:1), 1) Benzene: ethyl acetate:
formic acid (6:3:1), I11) Toulene: ethylacetate: formic acid
(12:6:1), 1V) chloroform: ethanol: acetic acid (60:4:6).

Conclusion

From our findings, it can be concluded that 5% methanol
extracts of both plants contains significant insecticidal
activity (Ovicidal, Antifeedant, Larvicidal) against H.
armigera followed by acetone and water. The phenolic
compounds were spotted in TLC have insecticidal
properties. However there is the need to conduct further
intense study on C. odorata and L. nepetifolia to develop
novel phytopesticides for the effective management of H.
armigera.

Acknowledgement

We are thankful to Science Instrumentation Facility Centre
(DST-FIST, SR/FST/College-281), Devchand College,
Arjunnagar, Kolhapur-591237, Maharashtra, India for
providing all necessary facilities.

References

1. Abotts WS. A method of computing the effectiveness
of an insecticide. Journal of Economic Entomology.
1925; 18(2):265-266.

2. Akhtar Y, Isman MB. Comparative growth inhibitory
and antifeedant effects of plant extracts and pure allel
chemicals on four phytophagous Insects species.

12.

13.

14.

15.

16.

www.entomologyjournals.com

Journal of Applied Entomology. 2004; 128: 32-38.
Akhtar Y, Isman MB, Niehaus LA, Lee C H, Lee HS.
Antifeedant and toxic effects of naturally occurring and
synthetic quinones to the cabbage looper,
Trichoplusiani. Crop Protection. 2012; 31:8-14.
Akobundu 10, Agyakwa CW. A handbook of West
African weeds. International Institute of Tropical
Agriculture, 1987

Almeida, Jackson Roberto Guedes da Silva et al. A
reviews of the chemical composition and biological
activity of Leonotis nepetifolia (Linn.) R. Br. (lion's
ear). Revista Cubana de Plantas Medicinales, [S.l.].
2018; 23:4.

Baskar KR, Maheswaran S, Kingsley, Ignacimuthu S.
“Bioefficacy of Couroupita guianensis (Aubl) against
Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae)
larvae,” Spanish Journal of Agricultural Research.
2010; 8(1):135-141.

Baskar K, Kingsley ES, Vendan MG, Paulraj,
Ignacimuthu S. Antifeedant, larvicidal and pupicidal
activity of Atalantia monophylla (L) correa against
Helicoverpa  armigera Hubner (Lepidoptera:
Noctuidae). Chemosphere. 2009; 75:355-359.

Chen G, Liu H, Mo B-C, Hu J, Liu S-Q, Bustos-Segura
C, Xue J and Wang X. Growth and Development of
Helicoverpa armigera (Lepidoptera: Noctuidae) Larvae
Infected by Heliothis virescens ascovirus 3i (HVAV-
3i).Front. Physiol. 2020; 11(93):1-7.

Chen Zetan. Insecticidal Activity of Crude Extracts
from Eupatorium odoratum L. against the Helicoverpa
armigera

Fecka I, Cisowski W. Multiple gradient development
TLC in analysis of complex phenolic acids from
Lycopus europeaus L. Chromatographia. 1999; 49(5-
6):256-260.

. Gabriel da Costa Ina’cio, Joa™o Victor Britto Alves,

Mario Ferreira Conceic,a”0 Santos, Alessandra Marieli
Vacari, Gustavo Pincerato Figueiredo, Wagner
Anto™nio Bernardes et al. Feeding deterrence towards
Helicoverpa armigera by Tithonia diversifolia tagitinin
C-enriched extract. Arabian Journal of Chemistry.
2020; 13(5):5292-5298.

Gorawade VB, Magdum SP, Attar UA, Shiragave PD.
Preliminary phytochemical analysis and biological
acivity of leaf extract of Eupatorium odoratum I.
against larvae of Spodoptera litura (fabricius). National
Conference on Sustainable Agriculture Proceeding.
RJILBPCS Journal, 2019, 44-50

Harborne JB. Phytochemical Methods, A Guide to
Modern Techniques of Plant Analysis, 3rd ed. Springer
Pvt. Ltd., New Delhi, India, 1998.

Hassan |A, Abdullahi, Idris, Malut AM, Abdulkadir,
Ibrahim, Ali AS et al. Phytochemical studies and thin
layer chromatography of leaves and flower extracts of
Senna siamea lam for possible biomedical applications.
Journal of Pharmacognosy and Phytotherapy. 2015;
7:18-26. 10.5897/JPP2014.0337.

Honnakerappa S, Udikeri. Prof. Shashikant. Abundance
of Helicoverpa armigera (Hubner) on different host
crops. J. Farm Sci. 2018; 31(4):436-439.

Isman B, Koul O, Lucyzynski A, Kaminski J.
Insecticidal and antifeedant bioactivities of neem oils
and their relationship to Azadirachtin content. Journal
of Agricultural and Food Chemistry. 1990; 38:1407-

50



International Journal of Entomology Research

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

1411.

Jawad Ali Shah, Mian Inayatullah, Kamran Sohail,
Syed Fahad Shah, Suleman Shah, Toheed Igbal et al.
Efficacy of botanical extracts and a chemical pesticide
against tomato fruit worm, Helicoverpa armigera
Sarhad J. Agric. 2013; 29(1):93-96.

Jose Sajani, Sujatha K. Antifeedant activity of different
solvent extracts of Gliricidia sepium against third instar
larvae of Helicoverpa armigera (Hubner) (Lepidoptera:
Noctuidae). Int. J. Adv. Res. Biol. Sci. 2017; 4(4):201-
204.DOl:http://dx.doi.org/10.22192/ijarbs.2017.04.04.0
26

Jose Sajani, Dr. Dhivya R, Dr. Sujatha K. Antifeedant
activities of solvent extract of Piper nigrumcorns
against the cotton pest Helicoverpa armigera. 2018-
2017; 4(5):2395-4396.

Kamaraj C, Rahuman AA, Bagavan A. Antifeedant and
larvicidal effects of plant extracts against Spodoptera
litura (F.), Aedes aegypti L. and Culex quinquefasciatus
Say. Parasitol Res. 2008; 103(2):325-331.

Kathirvelu Baskar, Anbalagan Santhosh Kumar,
Gnanaprakasam Antony Raj, Soosaimanickam Maria
Packiam, Savarimuthu Ignacimuthu. Bioefficacy of
Blumea mollis (D. Don) Merr. and Hygrophila schulii
(Buch.-Ham.) (Syn. H. auriculata) against Helicoverpa
armigera (Hubner). Archives of Phytopathology and
Plant Protection. 2015; 48(5):400-411.
http://dx.doi.org/10.1080/03235408.2014.893633
Lawal Oladipupo A, Andy R, Opoku, Isiaka A,
Ogunwande.  Phytoconstituents and  Insecticidal
Activity of Different Solvent Leaf Extracts of
Chromolaena odorata L., against Sitophilus zeamais
(Coleoptera: Curculionidae) European Journal of
Medicinal Plants. 2015; 5(3):237-247.

Mahla Mukesh, Ram Singh, Puja Suhag, Bharti, Surd
B. Kalidhar et al. Bioevaluation of Melia azedarach L.
roots against Helicoverpa armigera and Plutella
xylostella. Journal of Non-timber Forest Product. 2002;
9(1-2):50-53.

Muchuweti M, Zenda G, Ndhlala AR, Kasiyamhuru A.
Sugars, organic acid and phenolic compounds of
Ziziphus mauritiana fruit. European Food Research and
Technology. 2005; 221(3-4):570-574.

Prabhu S, Priyadharshini P, Thangamalar A. Evaluation
of antifeedant activity of different parts of Calotropis
gigantea against Helicoverpa armigera Journal of
Pharmacognosy and Phytochemistry. 2018; 7(2):2919-
2922

Praveena B, Pradeep SN. Antioxidant and Antibacterial
Activities in the Leaf Extracts of Indian Borage
(Plectranthusamboinicus). Food Nutr. Sci. 2012; 3:146-
152.

Pushpan, Reshmi, Nishteswar K, Kumari, Harshitha.
Ethno medicinal claims of Leonotis nepetifolia (L.) R.
Br: A review. International Journal of Research in
Ayurveda and  Pharmacy. 2012;  3:783-785.
10.7897/2277-4343.03617.

Radomir Malbasa, Lon¢ar S, Kolarov A. TLC analysis
of some phenolic compounds in Kombucha beverage.
Acta Periodica Technologica. 2004; 35:99-205.

Raja N, Jeyasankar A, Venkadesan SJ, Ignacimuthu S.
Efficacy of Hyptis suaveolensis against Lepidoptera
pest. Current Science. 2005; 88:220-222.

Selvam K, Ramakrishnan N. International Journal of

3L

32.

33.

34.

35.

36.

37.

38.

www.entomologyjournals.com

Recent Scientific Research. 2014; 5(10):1955-1959.
Shiragave PD. Phytochemical profiling, ovicidal,
larvicidal potential of Exacum pendunculatum L.
against Spodoptera litura. International Journal of
Entomology Research. 2020 5(6):234-238.

Singh Suraj, Yengkhom, Ningthoujam, Kennedy,
Nakambam Sonali et al. Balasubramanian. Studies on
the biology of Helicoverpa armigera on different semi-
synthetic diet. Journal of Entomology and Zoology
Studies. 2018; 7:709-712.

Talukdar S, Bae EJ, Imamura T, Morinaga H, Fan W,
Li P et al. GPR120 is an omega-3 fatty acid receptor
mediating potent anti-inflammatory and insulin-
sensitizing effects. Cell. 2010; 142(5):687-698.
Thushimenan S, Baskaran J, Baranitharan M,
Jeyasankar A. Laboratory investigation of Terminalia
arjuna and Trachyspermum roxburghianum against
groundnut pest, Helicoverpa armigera Asian J Pharm
Clin Res. 2016; 9(1):232-236.

Udebuani AC, Abara PC, Obasi KO, Okuh SU. Studies
on the insecticidal properties of Chromolaena odorata
(Asteraceae) against adult stage of Periplaneta
Americana; Journal of Entomology and Zoology
Studies. 2015; 3(1):318-321.

Vaisakh MN, Anima Pandey. The invasive weed with
healing properties: a review on Chromolaena odorata;
IJPSR. 2012; 3(1):80-83.

Yankanchi Shivanand R, Achinkumar S. Pati R. Field
efficacy of plant extracts on larval populations of
Plutella xylostella L. and Helicoverpa armigera Hub.
and their impact on cabbage infestation; Journal of
Biopesticides. 2009; 2(1):32-36.

Lawal Oladipupo A, Andy R, Opoku, Isiaka A,
Ogunwande.  Phytoconstituents and  Insecticidal
Activity of Different Solvent Leaf Extracts of
Chromolaena odorata L., against Sitophilus zeamais
(Coleoptera: Curculionidae) European Journal of
Medicinal Plants. 2015; 5(3):237-247.

51



