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Abstract

Spodoptera frugiperda (J. E. Smith) is one of the important insect pests of maize plant. This pest destroys the fresh
leaves which impair the growth and ultimately reduce the yield of the crop. The research was conducted to
determine the efficacy of neem (Azadirachta indica A. Juss.) and lantana leaf extract on the insect using
cypermethrin as the standard control. Neem and Lantana leaf extracts were prepared by cold maceration extraction.
Quantitative phytochemicals analysis of the botanicals was determined to determine the chemical constituents.
Experimental land of about 204.25 m? was demarcated into 24 sampling plots each measuring 4.25 m x 1.25 m
with 1 m alleyway. A 75 cm intera- and 25 cm inter-row spacing was adopted laid in a Randomized Complete
Block Design (RCBD) replicated three times. Two weeks after planting, the extracts and cypermethrin were
sprayed separately onto the plants in the various plots at the rate of 0.0, 5.0, 10.0, and 15.0 v/v %. Application of
the extracts significantly reduced population density of S. frugiperda when compared with the experimental control
that still harboured the insects in high density. There was no significant difference between plots treated with
cypermethrin and neem plus lantana leaf extracts. This finding therefore suggests that combination of neem and
lantana leaf extracts or neem alone at 15 v/v % can be an effective ecofriendly alternative for controlling S.
frugiperda in maize farm.
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INTRODUCTION insect pests of cereal crop especially maize
Spodoptera  frugiperda  (J. E. Smith)  plant. It destroys the fresh leaves which
(Lepidoptera: Noctuidae), commonly called  impair the growth and ultimately reduce the
fall armyworm (FAW) is one of the important  yield of the crop. The use of chemical
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insecticides has been the major strategy for
controlling this menace, however, their
indiscriminate use has resulted in the
development of resistance to insecticides,
secondary pest outbreaks, pest resurgence,

bioaccumulation in the food chain,
environmental pollution, human health
hazards and destruction of non-target

organisms (Joshi et al., 2020). Furthermore,
farmers always complain about the local
unavailability of synthetic products, poorly
labelled packaged products and also
frequently adulterated and sometimes, some
products are sold after the expiry date
(Stevenson et al., 2012).

Environmentally acceptable
insecticides are known for their relatively low
toxicity to non-target organisms and

biodegradability due to their botanical origin.
This makes it possible to incorporate such
insecticides into integrated pest management
programs (Shannag et al., 2013; Nawa and
Mabubu, 2016). Due to the rise in the
advocacy for the use of safer insecticides,
several research works have been conducted
in search of plant sources of safe insecticides.
Many African plants contain chemical
metabolites with remarkable biological
activities which can be considered for the
management of agricultural insect pests.
Among these botanicals are Neem and
Lantana (Salako, 2008; Baidoo and Adam,
2012). This is because botanicals are eco-
friendly when compared with synthetic
insecticides. For instance, asteroid-like
tetranortriterpenoid (azadirachtin) obtained
from neem tree (Azadirachta indica), has
been identified as a key insect repellent in
vegetables (Shannag et al., 2013). Moreover,
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neem has an insecticidal effect on insects that
suck plant sap and those which chew plant
parts. The active ingredient in neem,
azadirachtin, serves as a growth regulator as
well as a feeding and oviposition deterrent. It
acts as a growth regulator by reducing the
level of ecdysone, a hormone that disrupts the
moulting process of the insects and thus
prevents larvae from developing into adults
(Silva et al., 2015).

Studies have also shown that lantanine
from extract of Lantana camara exhibits a
defensive mechanism against insect pests and
it can display antimicrobial, fungicidal,
insecticidal and nematicidal properties. These
could be linked to its phytochemical
constituents such as flavonoids, alkaloids,
glycosides, saponins, steroids, triterpenes and
tannin (Baidoo and Adam, 2012; Yang et al.,
2018). Karamanoli et al. (2011) corroborated
this report by explaining that tannins exert
their action by a combination of mechanisms
that include iron chelation and enzyme
inhibition. Also, the presence of saponins and
cardiac glycosides could be linked to the
insecticidal interaction with cholesterol which
resulted in impairing ecdysteriod synthesis
(Lengai et al., 2020). The lantadene content
of lantana leaves is variable, and potentially
toxic plants contain at least 80 and 200 mg kg
I of lantadenes A and B, respectively
(Ghisalberti, 2000). In practice, this is
equivalent to a dosage of 40 g of fresh
material per kilogram of weight. Currently,
Mvumi and Maunda (2018) sought to
determine the efficacy of lantana leaf extract
(LLE) in controlling aphids in rape by
assessing adult aphid mortality over varied
periods (hours) of exposure to the treatment
and it was found to be very effective. The
plant has also been used in traditional herbs
medicines for treating a variety of ailments
including cancer, skin-itches, leprosy, rabies,
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chicken pox, measles, asthma and ulcers
(Dehou et al., 2021). This work therefore
aimed at evaluating the potentials of aqueous
extracts from lantana and neem leaves for the
management of fall armyworm insect pests
associated with maize plant in Plateau State,
Nigeria.

MATERIALS AND METHODS
Study Area: This research work was carried

out at the Federal College of Forestry, Jos
experimental site in the Jos North Local
Government Area (LGA) of Plateau State
(Figure 2). The College falls between latitude
9°51 N and longitude 8° 53 E with an altitude
of 1200 m above sea level, and it is located
within the Northern Guinea Savanna Agro-
ecological zone of Nigeria. Mean rainfall is
about 1500 mm received in 130-150 days
from May to September (Danbaba and Fogah,
2013) and daily temperature ranges between
10 °C to 32 °C, minimum and maximum
respectively (University of Jos
Meteorological section, 2020). The climate of
the area is generally humid and tropical and is
characterized by two distinct wet and dry
seasons. The wet season starts in late April
and ends in October, while the dry season
starts from November to mid-April.

Synthetic Insecticide and Plant materials:
Cypermethrin was purchased in a certified
Ago-Chemical shop. Fresh neem
(Azadirachta indica) leaves were obtained
from 15 different neem trees at Toro Local
Government Area of Bauchi State. Lantana
leaves were also obtained from Experimental
farm of College of Forestry, Jos.

Pre-treatment of neem leaves: The leaf
samples of neem and lantana were separately
washed with tap water followed by distilled
water to remove dust. The samples were then
dried on flat trays in the laboratory for about
4 weeks under room temperature (to get a
constant weight). The dried leaves were
milled separately with an electric laboratory
hammer mill. One kilogram of each powder
was soaked in 500mls distilled water for 48
hours (this is for complete extraction of the
samples). The supernatant was then filtered
out with the use of Imm sieve and the filtrate
was kept in a desiccator until it was used as
bio-pesticides on Maize plant using 2-liter
hand sprayer. This is in line with Mathur and
Kongsdal (2003) extract procedure.

Experimental Layout and Design: The
experimental land of about 204.25 m? was
ploughed and harrowed after which 24
sampling plots each measuring 4.25 m long by
1.25 wide were demarcated. 1 m alleyway was
provided between sampling plots. A 75 cm
intera- and 25 cm inter-row spacing was
adopted  giving the population of
approximately 20 plants per plot (i.e., 23,500
plants ha') laid out in a Randomized
Complete Block Design (RCBD) and
replicated three times.

Application of Insecticides: Two weeks after
planting, the extracts from neem, lantana
leaves and their combinations, and
cypermethrin (Standard control) were sprayed
separately onto the plants in the various plots
at the rate of 0.0 (Experimental control), 5.0,
10.0, and 15.0 v/v %. Observation on
population of insect pests started as soon as
their infestation was noticed. Population
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density was determined on randomly selected
plants at weekly interval. This is in
accordance with Baidoo and Adam (2012)
method.

Data collection and Data Analysis: Data
collection commenced after 2 weeks of
planting. Observations on the S. frugiperda
population from the selected plants were
recorded before spray and 3 days after spray
for 4 weeks. The simple random sampling
method was used to tag infested plants. The
main and the interactive effects of the extracts
on population density of the insect was
recorded on five randomly selected plants on
the basis of number of larvae per plant. All the
open leaves and heads of the selected plants
were observed thoroughly and the number of
larvae found were recorded and percentage
leaf damaged was calculated in accordance
with Tulashie et al. (2019). Percentage yield
for each treatment was also calculated. Data
obtained were analyzed statistically using
analysis of variance and the efficacy of the
insecticides and botanical extracts were
calculated.

Quantitative analysis of phytochemicals of
Lantana camara and Azadirachta indica
The determination of total phenols was
carried out using the method of Edeoga et al.
(2005). Tannin was determined by the method
of Van-Burden and Robinson (1981). While
saponin was determined by the method of
Obdoni and Ochuko (2001). Alkaloid
determination using Harborne (1973) method.
Flavonoid was determined by the method of
Bohm and Kocipai-Abyazan  (1994).
Qualitative analysis of Vitamins was carried
out by the method of Pearson (1976).

RESULTS
Quantitative phytochemical analysis of

Lantana camara and Azadirachta indica
Table 1 showed the phytochemical
constituents of the aqueous extract of
Lanatana camara leaves as biopesticides in
this study. It was indicated that flavonoids
have the highest concentration (43.31+0.081),
followed by Alkaloids (35.14% 0.029), then
Saponin (20.15 = 0.029), Phenol (25.14 +
0.094) and Tannins (15.05+0.026). While
Azadirachta indica leaf extract showed that
flavonoid (13.1 = 0.08) had the highest
concentration, followed by Tannin (13.4 +
0.31), then Phenols (12.77 £ 0.5), Alkaloids
(10.73 £ 0.29) and Saponin (2.53 £ 0.14),
respectively.

Table 1: Quantitative Phytochemical Analysis of Lantana camara and Azadirachta indica

Leaf Extracts
Phytochemical mg /g) Lantana Leaves  Neem leaves
Phenols 25.14 £ 0.09 12.77 £ 0.50
Alkaloids 35.14+0.03 10.73 £0.29
Tannin 15.05+0.03 13.40 £ 0.31
Saponin 20.15+0.03 2.53+0.14
Flavonoids 43.31 £0.08 13.10 +£0.08
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Key: mg = Milligrams, g = gram
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Effects of Lantana camara (L.) and
Azadirachta indica Extracts on Spodoptera
frugiperda

It was observed in this study that the
larvae first appeared on maize plant in the
2" weeks after planting. Before the
application of the insecticides, all the plots
were infested with high number of larvae of
fall army worm, concentrated on the growing
points and destroying the young succulent
leaves of the plant by their feeding activities.
However, with the application of the extracts,
in the
population density which resulted in low
levels of infestation except for the
experimental control that still harboured the
insects in high density throughout the
experimental period (Figure 1). There was no
significant difference in the efficacy of the

there was significant reductions

treatments however, at 5 ml / L neem and
combination of the botanicals had control
efficacy above 50 %. Standard control
insecticide has the highest control efficacy of
80.01 % on fall army worms. At 15 v/v %
cypermethrin had 100 % control efficacy
followed by combinations of neem and
lantana, and neem with 81.82 %, then lantana
with 71.58 % efficacy (Figure 1). It was also
observed that as the concentrations of the
botanicals increased, a significant percentage
population of S. frugiperda drops with the
lowest populations at concentration 15 v/v %
in all the treatments. However, cypermethrin

had 100 % control while neem and the
combination had reduced population density
up to about 90 % respectively. This result
showed no significant difference between the
cypermethrin, neem plus lantana and neem
extract treatments but significant differences
exist when compared with experimental
control and lantana alone. (Table 2).

As the concentration of the extract
increased, the percentage of leaf damage
reduced. However, overall result showed that
cypermethrin had lower percentage leaf
damage when compared to other treatments.
It was also revealed that in all the treatments,
15.00 v/v % of the extract treatments had the
lowest percentage levels of leaf damage
(20.00 — 0.00 %). However, analysis of
variance showed significant difference among
the different concentrations (Table 3).

Treatment with various insecticides
gave better yield compared to untreated
stands. However, treatment with different
concentrations of the insecticides generally
showed significant differences from each
other and as the concentration increased the
yield also increased (Figure 2). Treatment
with cypermethrin had the highest yield of
1.70 kg followed by neem + lantana (1.44 kg)
which showed no significant difference, while
0.89 kg and 0.79 kg was recorded for neem
and lantana treatments respectively and these
were significantly different from
cypermethrin treatment (Figure 2).
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Figure 1: Effect of extracts on the population of Fall Army Worm
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Table 2: Interactive effects of botanicals and concentrations on the populations of Fall Army
Worm infesting maize

2WAP 3WAP 4WAP
Extracts Conc Before After Before After Before After
(v/v) %
N 5.0 7.67°2 5.33° 4.67°% 3.334 3.334 2.67°¢
10.0 8.00 ¢ 4.67 " 4.67% 3.33¢ 3.00 % 2.00 °f
15.0 8.00 ¢ 4.67 4.67 b 2.67° 2.67° 1.00 '
L 5.0 8.00 ¢ 5.33° 5.33° 3.67%4 3674 3.00 &
10.0 7.67°2 5.33° 433°¢ 3.67% 3.00 % 2.33¢f
15.0 8.00? 433¢ 433¢ 2.67°¢ 2.00 °f 2.00 °f
N+L 5.0 7.33°2 4.67" 433°¢ 3.67% 3.67 2.00 °f
10.0 8.00 ¢ 433° 4.00° 3.33¢ 3.00 % 1.67°F
15.0 8.00 ¢ 433° 3.67 2.67° 2.67° 1.00 f&
Std Cant 5.0 7.17% 433° 433°¢ 3.00%  2.00°f 1.00 '
10.0 73338 3.67 2.00 °f 1.67°F 1.00 f& 0.00 &
15.0 7.67°2 3.00 ¢ 3.00 9% 0.00 & 0.00 & 0.00 ¢
Expt Cont 5.0 7.332 7.67° 9.00 * 8.00 ¢ 7.67% 7.33¢@
10.0 7.67% 7.67° 8.00 ¢ 8.00 ¢ 7.33% 6.67 %
15.0 7.67% 8.00%° 9.00 9.00 7.67°% 7.00 2
F. Value 1.36 4.46 34.89 30.68 17.29 35.51
P. Value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Means with the same letter in the same column are not significantly different (P < 0.05)

Table 3: Percentage mean Leaf Damage after Treatments with Different Insecticides

Concn. (v/v) % Lantana Neem Lant + Neem Cyper

0.0 93.3346.66*  86.67+6.662 93.33+11.55% 86.67+6.66 2
5.0 80.00+6.67°  53.33+6.66° 73.33+6.67° 46.67+6.67°
10.0 46.67+11.54°  40.00+6.67 ¢ 40.00+0.00 ¢ 20.00+6.67 ¢
15.0 20.00+0.009  19.99+11.554 20.00+6.67¢  13.33+£11.55°¢

Means with the same letter in the same column are not significantly different (P < 0.05)



: Efficacy of Neem and Lantana Leaves Aqueous Extracts under Field Condition

1.8

1.6

14

1.2

Yield (Kg)

0.8

0.6

0.

S

0.

N

cypermethrin Lantana + neem

Neem

Pesticides

Lantana No Treatment

Figure 2: Percentage Maize Yield per Stand after Various Insecticide Application

DISCUSSION
The result of the phytochemicals

analysis of neem and lantana leaves extracts
revealed the presence of Dbioactive
constituents like phenols, alkaloids, tannins,
saponins and flavonoids in the leaves of neem
and lantana. This result is in line with the
work of Kilani-Morakchi et al. (2021).
Azadirachtin in neem leaves also known to
induce a physiological effect on insects by
interfering with the synthesis and release of
ecdysteriods which disrupts larval moulting in
hemi- and holometabolous insects as
suggested by Fening et al. (2020). Also,
troterpenoid lantadene in lantana extract was
marked to be responsible for its antifeedant
properties as suggested by Martini et al.
(2003)

The consistent and
decrease in the number of insects

significant
of
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botanically treated plots indicated the
effectiveness of the plant extracts and this
inversely related to the crop yield. The highest
insect pest reduction was observed at 15 v/v
%. This finding aligns with the report of
Bambawale and Bhagat (2012); Shah et al.
(2019); Hossani et al. (2020) who used
various African plant extracts against insect
pests. The reduction in insect numbers could
be due to the anti-feedant, repellant or
insecticidal properties of the extracts which
caused mortality as suggested by Baidoo and
Adam (2012). Benson et al., 2014 and Ileke et
al. (2016) also affirmed this suggestion by
adding that the insecticidal properties of many
botanicals involve interfering with regular
breathing which can lead to asphyxia which
are lethal to this target pest. The result of this
study also shows that the efficacy of the
botanicals increased as the concentrations of
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the extracts increased with the lowest FAW
population reduction in highest concentration
(15 v/v %.). This agreed with the study carried
out by Muzemu et al. (2011) on African plant
extracts that the higher the concentration, the
more the efficacy and the lower the
concentration, the lower the efficacy against
insect pest. The interaction between the
botanicals and concentrations showed that all
the botanicals had some levels of control
effects on the pest, and as the concentration
increases the levels control efficacy also
increased against fall armyworm

CONCLUSION

Useful insecticidal and repellent of neem and
lantana leaf extracts at concentration 15 v/v %
can be used to suppress Fall Armyworm in
maize crop effectively. Since these plant
extracts are common, ecofriendly and
affordable for small scale farmers, they ought
to be promoted as an alternative to synthetic
insecticides for the control of Spodoptera
frugiperda.
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