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Abstract

Insect pests infestation is one the major problems associated with the production of maize in many Sub-Saharan
Africa including Nigeria. Control of these pests by farmers has been vastly through the use of synthethic chemical
pesticide which possesses lots of threats to human health and environments. A study was conducted at the
University of Calabar, Nigeria, to assess the effectiveness of essential oils (EOs) derived from four plant species
against Sitophilus zeamais Motschulsky, commonly known as the maize weevil. The EOs were applied in varying
concentrations (2.5, 5, 7.5, and 10 pl/l) arranged in Caompletely Randomized Design with four replications.
Parameters assessed included adult mortality, L.Cso, and seed damage. The results showed that EOs from Dennitia
tripetala, Physostigma venenosum, Xylopia aethiopica, and Senna hirsuta were effective in repelling and
fumigating the maize weevil. The repellence ranged from 41.7% (X. aethiopica), 75.00% (D. tripetala), 75. 67%
(P. venenosum) and 51.14% (S. hirsuta) applied at 2.5 pl/l while at 10, it recorded a repellence of 92.00 (X.
aethiopica) 88.00 (D. tripetala), 90.0 (P. venenosum) and 89.14 (S. hirsuta). Mortality ranged from 45% to 90% at
2.5 ul/l and 90 to 100% at 10 ul/l when applied as fumigant. The median lethal concentrations showed that X.
aethiopica, D. tripetala, P. venenosum and S. alata EOs were effective against S. zeamais. Therefore, the study
recommends the use of X. aethiopica, D. tripetala, P. venenosum and S. hirsuta EOs at 20% to effectively manage
maize weevil infestations during storage.
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INTRODUCTION

Maize [Zea mays L.] is an important food crop
that is cultivated worldwide. Its cultivation
has led to approximately 1.1 to 1.3 million
tons per year. Five countries (USA, Brazil,

Ukraine, Argentina, and Russia) of the world
are the leading exporters of maize (USDA
2022). The crop is versatile hence the reason
for its high production. It is wused in
compounding animal feed; it can be made into
various dishes. Maize is a component in the
manufacture of ethanol, soft and alcoholic
drinks and the production of pseudoplastic
(Badmus & Ariyo 2011). In Nigeria and other
countries in sub-Saharan Africa, maize is one
of the foodstuffs contributing to household



NIGERIAN JOURNAL OF ENTOMOLOGY, VOL. 41(1): 2025

food security for humans, animals and
industries (Effa et al., 2012; Tena & Beyene
2011). Nigeria is the largest producer of maize
in Africa (IITA 2014, Undie et al., 2012).
Maize is adaptable to varied agroecologies
and is cultivated from the rainforest in the
south to the Northern Guinea Savanna in
northern Nigeria. Stored-product insect pests,
including the maize weevil Sitophilus zeamais
Motschulsky (Coleoptera: Curculionidae),
have extensive spread and are found in
tropical regions worldwide (Lopez-Martin et
al., 2002). Although maize weevils cause
damage in stored grains (Barney et al. 1991;
Caneppele et al., 2003), they also predispose
damaged grains to fungal infections caused by
Aspergillus flavus and some bacteria (Hubert
etal., 2018). In Africa, farmers control storage
pests  mainly  through  conventional
insecticides such as methyl bromide and
phosphine (Badmus & Ariyo 2011; Salem et
al., 2007, Damcevski and Annis 2006). The
aftermath of reliance on chemical control
causes insect species to develop in grain
stores (Boyer et al., 2012; Nayak et al., 2020),
food industry (Aulicky et al., 2015) and risks
to humans and the environment have resulted
to the search for alternative control measures
(Guedes et al., 2011; Archibong et al., 2022;
Sousa et al., 2009). In addition, in recent
years, many alternative ways of controlling
pests, such as applying radioactive elements,
low and high-temperature applications, and
relative humidity adjustment, have been used
in pest control; however, these methods are
beyond the reach of smallholder farmers in
Africa (Boylu 2020).

Plant parts are a rich source of defensive
chemicals (Maia & Moore 2011). Some of
these materials might have insecticidal
properties, repel insects, attract them, affect
their nutrition, or control their growth. Natural
powders and EOs have emerged as effective
biopesticides against insect pests. These
products pose no threat to humans or the

environment, which sets them apart from
conventional pesticides (Tapondjou et al.,
2002; Jayasekara et al., 2005). Many authors
have documented that plant extracts can
hinder growth, inhibit reproduction, and act as
a repellent for pests throughout their growth
stages (Archibong et al., 2022). Researchers
have made efforts to investigate the efficacy
of plant powders in the management of S.
zeamais in stored corn. The EOs are widely
utilized by many individuals to produce
various products, including environmentally-
friendly pesticides (Isman 2019).

Xylopia aethiopica is a tree in the family of
Annonaceae commonly found in tropical
rainforest and the savannah vegetation zone of
Africa. It can measure up to 30 metres or
more in height and it is used in African
cuisines and traditional medicine. It can be
used as an additive in the preparation of
assorted food dishes such as soups, yam
porridge, meat and fish pepper soup. The
chemical composition of the EO of X
aethiopica is made up of monoterpenes
hydrocarbons, oxygenated monoterpenes,
sesquiterpenes hydrocarbons, and oxygenated
sesquiterpenes (figure a) (Konan et al., 2009).
Physostigma venenosum (Calabar bean) is
consumed in African and commonly used for
rituals, with its toxic active ingredients which
may result in death if not properly
administered. The active ingredient of P.
venenosum, physostigmine (figure b), has
been investigated for use in anticholinergic
toxicity and in dementia. However, because of
its high toxicity value and lack of clinical
trials using crude plant extract, its use for
human consumption cannot be recommended
for any indication (Ukeh et al., 2012).
Dennettia tripetala (Pepper Fruit) bears
edible fruits which are used for treatment of
cough, fever, diarrhea and rheumatism and in
the management of diabetics (Akabueze et al.,
2016, Timothy & Okere 2008; Iseghohi 2015;
Mordi et al., 2021). The seed have also been
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reported to possess anti-microbial properties
due to its high levels of flavonoids (figure c),
polyphenols and other medically significant
phytochemicals (Anaga & Asuzu 2011.).
Senna alata has been reported to be very
effective in the treatment of typhoid, diabetes,
malaria, and several infections (Selvi et al.,
2012). Additionally, they play a critical role
in promoting allelopathy among various plant
species. Senna alata, also known as Cassia

eeeeeeeeeeee

Figure c: Flavinoids

MATERIALS AND METHODS

Study location

Laboratory experiment to ascertain the
efficacies of EOs of X. aethiopica, D.
tripetala, P. venenosum, and S. hirsuta was
carried in the Department of Crop Science,
University of Calabar, Nigeria, located at
Latitude 4° 57!N and Longitude 8°19'E, with
an altitude of 37m a.s.] (Iloeje 2001). The
laboratory had a mean temperature of 68 °F

alata, contains many bioactive compounds
which include phenolics, anthraquinones,
fatty acids, steroids and terpenoids (figure d)
(Thilak et al., 2023). The current study aims
to evaluate the efficacies of EOs derived from
Xylopia aethiopica, Dennetia tripetala,
Physostigma venenosum, and Senna hirsuta
on Sitophilus zeamais.

Physostigmine
Figure b: Physostigmine

OH

Figure d: Terpenoids

(20 °C) and a relative humidity of 50%
throughout the study.

Processing and extraction of essential oils.

The treatments included X. aethiopica, D.
tripetala, P. venenosum and S. hirsuta as plant
materials which were obtained from the wild.
The plants used for the experiment were
identified Effa Effa Anobeja, a taxonomist in
the Department of Plants and Ecological
Studies, University of Calabar, Nigeria with
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the following herbarium voucher numbers; X.
aethiopica (ID number: Bot/Herb/UCC/736),
D. tripetala (ID number:Bot/Herb/UCC/295),
P. venenosum ID number:
Bot/Herb/UCC/087) and S. hirsuta (ID
number: Bot/Herb/UCC/92A) (Fig. 1-4).
These materials were dried for three days
under shade, cleaned, and preserved at a
temperature of -10°C until the experiments

Figure 3: Physostigma venenosum

Insect culture

For purpose of testing insects and conducting
bioassays, dry maize seeds (Ikom white
variety) was purchased from local farmers in
Ikom LGA of Cross River State. 200g of the
maize seeds were weighed and placed into
Kilner jars, while 500 unsexed adult S.
zeamais were introduced into the jars and
controlled at temperature of 20-25°C. The

began. The EOs from the pesticidal plants
were extracted by hydrodistillation method. In
each case, 20 g of the plant material was
distilled in 300 ml of distilled water in a 500
ml flask for 60 min. Extracted samples were
stored at temperature of 4°C until bioassays.

Figure 2: 'Der_mettia tripetala

e

Figure 4: Senna hirsuta

adults were left in the jar for 3 days to enable
oviposition on the maize grains before being
removed by sieving using 2.0 mm mesh. The
set up was maintained for 30-35 days, after
which the F1 generation of weevils was
isolated and sub-cultured to provide a larger
number of S. zeamais for use in bioassay
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(Ukeh et al., 2012). The jars were protected
with mesh to allow for free ventilation of air.

Figure 5: Dry maize seeds ariety,

Laboratory repellence bioassays

To test the repellent properties of various
plant EOs against S. zeamais, we used a
modified method from McDonald et al.
(1970), as reported by Talukder and Howse
(1994) and Liu et al. (2008). Four
concentrations (2.5. 5.0, 7.5 and 10 (ul/l) of
each EO were used. Filter paper of diameter 9
cm was divided into two halves and placed in
a Petri dish of diameter 8 cm, at a 2 cm
distance. One half was impregnated with the
EO while the other half was allowed to serve
as control. Ten unsexed adults of S. zeamais
were introduced to the centre of the Petri
dishes. The experiment was arranged in a
Completely Randomized Design (CRD) with
three replications and was kept in a dark room.
The number of insects on both halves of the
filter paper were counted and recorded at 30
minutes, 1 hour, and 2 hours after treatment
application.

Fumigant toxicity test

To test for fumigant action, filter paper strips
of 460 x 570 mm were soaked in varying
concentrations of the EOs (2.5. 5.0, 7.5 and 10
(ul/1) in beakers, and then left to dry for three
minutes. The treated filter paper strips were
then positioned against the walls of a 100 ml

3
8

Ikom white

flat bottom flask, and 10 S. zeamais adults
were introduced into the flask which were
sealed with screw caps. The experiment was
conducted in a Completely Randomized
Design (CRD) with three replications,
resulting in a total of 18 treatments. Mortality
was assessed at 0.5, 1.00, 1.50, 2.00 and 2.50
hours after treatment. Adult insects were
considered dead if their appendages did not
move upon being probed with a carmel brush.
Percentage mortality was calculated, and
probit analysis was used to determine lethal
concentrations (LCsp).

Data collection and analyses
The level of insect repellency was determined
by comparing the insects found on both
treated and untreated sides of the filter paper.
Percentage of repellency was calculated using
the equation:

Repellency (%). = (C-T) X 100

©)

“Where C = No. of insects collected from the
untreated filter papers

T = No. of insects collected from the
treated filter papers”
The repellence and mortality rates were
recorded at 0.5, 1, 1.5, 2.0 and 2.5 (repellence
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action) and 3, 6, 12, 24 (mortality) hours after
application of the treatment. The experiment
used 18 different treatments, which were
randomly arranged and replicated 3 times in a
CRD. The percentage of mortality within a
48-hour period was converted into probits. To
determine the LCso of each insect population
for each EO (Finney 1971), the values
obtained were regressed on the logarithm of
the concentrations of the EOs. Data were
analyzed using STATISTICA 13.0 statistical
software, and significant means were
separated using the Duncan New Multiple
Range Test at a 5% level of significance

RESULTS

In the present research, toxicity effects of EOs
extracted from D. tripetala, P. venenosum, X.
aethiopica, and S. hirsuta were tested against
adults of S. zeamais at the rate of 2.5, 5, 7.5
and 10 pl doses at 0.5, 1, 1.5, 2.0 and 2.5 and
3,6, 12, 24 and 48 h. All EOs obtained from
D. tripetala, P. venenosum, X. aethiopica, and
S. hirsuta exhibited various toxicity against S.
zeamais when compared with control.
However, the effects of these EOs varied
among each plant species. Mortality rates
increased with increase in doses and exposure
times for EOs of tested plant species.

Repellence test

Table 1 shows the repellence effects of EOs
from three different plant species against S.
zeamais. The EOs were found to have a
moderate to strong repellent effect on S.
zeamais at p < 0.05, and the degree of
repellence generally increased with higher
concentrations of EOs from all plant species
tested. At 30 minutes (0.5hrs) of exposure, D.
tripetala and P. venenosum repelled 75% of
the insects while X. aethiopica and S. alata
repelled 41.7% and 51.14% at 2.5ull

application. At 10 ul/l level of application, D.
tripetala and P. venenosum rtepelled an
average of 92% of the insects while X.
aethiopica and S. alata repelled 82% and 89%
respectively. The percentage repellence of the
insects increased with an increase in dosage of
the EOs. Similar trend was observed when
there was increase in duration of exposure.
Higher levels of repellence of 100% was
observed amongst the EOs at Sul/l, 7.55ul/1
and 10ul/lI treated at 2.5hrs of exposure with
the exception of X. aethiopica and S. alata
that recorded an average of 95% repellence.
The highest percent repellence was observed
at 2.5 hrs of exposure. Table 2 shows the
repellent effects of EOs on percent mortality
of S. zeamais at different times of exposure.
At 3hrs of exposure, 2.5ul/l and 5.0ul/1
applications recorded between 60 — 70%
mortality,while at 48 hrs of exposure,
mortality at same levels of application was
100%. Similarly, at 7.5 to 10ul/l levels of
application, percent mortality was between 80
to 92 % at 3 hrs of exposure and 100% at
48hrs of exposure. Percent mortalitry
increased with increase in concentration and
time of exposure.

Fumigant test

In Table 3, mortality rate of adult S. zeamais
was measured after exposure to various
concentrations of EOs (2.5, 5, 7.5 and 10ul/1
) as a fumigant for 3, 6, 12, 24 and 48 hrs. The
results showed that all application of EOs
resulted in significantly (p < 0.05) higher
mortality rates compared to control. The
trends were similar at all levels and times of
exposure. Mortality rate of adult S. zeamais
increased as the concentration of EOs and
exposure time increased across all plant
species.
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At 3 hrs of exposure, P. venenosum and D.
tripetala at 2.5ul/1 reorded significantly higher
mortality of 59% and 55% compared with X.
aethiopica and S. alata which recorded 45.67%
and 41.74% mortality. Mortality increased to an
average of 100% at 12hrs of exposure when treated
with 10ul/l of the EOs and similar percentage was
achieved at 24 hr when treated with 7.5ul/l of the
EOs., At 10ul/l and same exposure time, P.
venenosum and D. tripetala reorded significantly
higher mortality of 90% and 85.6 % mortality, X.
aethiopica and S. alata recorded 82.2% and
89.14% mortality. However, there was no
significant difference between percent mortality
recorded by different EOs at 10ul/l level of
application. Similarly, at 24 hrs of exposure, there
was no significant difference between the diferent
concentrations of the EOs at 24 hrs of exposure

with the exceptiuon of S. hirsuta at At Sul/l. At
6hrs of exposure, X. aethiopica at 7.5 ul/l was
significantly effective compared with other EOs
but was not significantly different from EOs
applied at 10ul/l. various concentrations of EOs
achieved an average of 100% percent mortality at
48 hrs of exposure.

Median lethal concentration.

Table 4 shows LD»s, LDsp and LDoo , R and slope
values of EOs and on adult S. zeamais at different
concentrations. The EOs obtained from D.
tripetala, P. venenosum, X. aethiopica, and S.
hirsuta exhibited high toxicity against S. zeamais
in comparison with control. According to LD
values, D. tripetala, P. venenosum, X. aethiopica
recorded very low LD2s, LDsp and LDgo
respectively.

Table 4: The LDs, R? and slopes values of EOs at different exposure times

Essential oil Exposure time LDys value  LDsovalue  LDoovalue R? Slope + SE
X. aethiopica 0.5 0.016 0.639 3.122 4.128 3.270 +1.131
1.0 0.079 0.703 2.361 5.423 2.948 +1.425
1.5 0.653 1.910 4.112 4.441 3.215+1.413
2.0 0.045 0.125 3.011 5.172 1.943 £1.013
2.5 0.265 0.543 4.081 4422 2421 +1.351
D. tripetala 0.5 0.383 0.756 3.000 4.338 3.334 +1.745
1.0 0.032 0.354 2.789 5.227 3.113 £1.002
1.5 0.075 0.956 6.100 5.177 3.781 £1.232
2.0 0.033 0.376 3.110 4.238 1.378 £1.632
2.5 0.867 0.330 4.001 5.233 2.378 £0.612
P. venenosum 0.5 0.153 0.765 1.321 4396 2.115+1.314
1.0 0.064 0.731 1.011 3.497 3.225+1.011
1.5 0.143 0.530 3.921 5.699 1.312+1.421
2.0 0.641 0.870 1.211 4.198 2.745+0.411
2.5 0.092 0.376 2.142 5.112 2.378 £1.632
S. hirsuta 0.5 0.577 1.109 5.634 5.141 5.611 +1.455
1.0 0.048 0.569 4.711 5.232 4321 £1.329
1.5 0.476 1.112 5.554 4.667 3.125+1.119
2.0 0.045 0.340 3.672 5.233 4361 £1.324
2.5 0.086 0.877 3.493 4.115 3.378 +1.633
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DISCUSSION

The study found that EOs from the plant
species (D. tripetala, P. venenosum, X.
aethiopica, and S. hirsuta) showed promising
results in terms of repellent and fumigant
toxicity against S. zeamais. The effectiveness
of the EOs varied depending on the
concentration and exposure time, highlighting
the importance of proper screening and
selection of plant species for bioactivity
(Yang et al., 2020). These findings suggest
that the use of indigenous plant species as
natural pesticides could be a viable and eco-
friendly alternative to synthetic chemicals for
pest management in agriculture. The
repellence of weevils was higher at 0.5 hr (30
mins) of exposure in all the EOs, and it
decreased with an increase in time. Also,
under each exposure time, repellence
increased with an increase in concentration
for each plant's EOs. Many researchers have
noticed similar patterns. In a particular study
(Negahban et al., 2007), it was found that
Artemisia nano encapsulated EOs exhibited
increased repellency over time, as compared
to non-encapsulated EOs that gradually lost
their repellency. Negahban et al. (2007),
reported that EO with a concentration of 1.9
ppm showed a high level of repellency on
Plutella xylostella, reaching 80% within six
hours. However, after 24 hours, the repellency
dropped to 62%. This is consistent with the
observation made by several authors, where
encapsulated EOs at varied concentrations
increased repellency over time, while non-

encapsulated EOs gradually lost their
repellency.
Through experimentation, it has been

observed that the repellency effect of
nanocapsule formulation displays a positive
correlation with time and reaches a maximum
of 100% after a period of 24 hours. This
indicates that encapsulation of EOs at varying

concentrations could serve as an effective
technique to enhance repellency over an
extended duration of time. The repellence
activity of the four plant species in the study
could also be prolonged when they are
dispensed slowly from a carrier. In the
immediate future, EOs of X. aethiopica, D.
tripetala, and P. venenosum at 15% and 20%
could be embedded in substrates that could
enhance the slow release of odours and thus
increase the repellence of maize weevils
(Lopez-Castillo et al. 2018). Seeds of P.
venenosum contain an active ingredient called
Physostigmine. This ingredient is a potent and
reversible acetylcholine esterase inhibitor that
enhances the concentration of acetylcholine in
cholinergic transmission sites (Camilo et al.,
2017). Its cholinesterase inhibitor effect is
evident in peripheral and central nervous
systems.

De Geyter et al. (2007), it was reported that X.

aethiopica  contains  tannins, cardiac
glycosides, and saponins. Additionally,
secondary  metabolites  like  phenolic

compounds, saponins, alkaloids, flavonoids,
and terpenoids have potent effects against
various pathogens and insect pests. Tannins
were found by Karamanoli er al. (2011) to act
through a combination of mechanisms
including iron chelation and enzyme
inhibition. Adedayo et al. (2010), Egharevba
& Idah (2015) reported the presence of
alkaloids, tannins, saponins, flavonoids,
terpenoids, steroids, cardiac glycosides,
balsams (resin), and phenol in the fruits of D.
tripetala. According to the findings of this
study, the EOs from various plants were
observed to be more effective in fumigating S.
zeamais than repelling them. The insects'
spiracles were obstructed at higher
concentrations, which led to disruption of
their ~ respiration, ultimately  causing
suffocation (asphyxiation) and death. These
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results align with the work of Oparaeke and
Kuhien (2006) and Okweche et al. (2022).
Additionally, the study confirmed the reports
by Asawalem et al. (2012) indicating that D.
tripetala, X. aethiopica, and other tropical
plant species possess potent antifeedant and
anti-survival properties against storage pests
such as weevils and beetles (coleopterans).
The fruits of X. aethiopica contain
monoterpene hydrocarbons, specifically [-
pinene and terpinene-4-ol, which causes
mortality of weevils. These monoterpenoids
are toxic to insects and are commonly used as
control agents. Essential oils from the plant
have been found to effectively control the
activities of S. zeamais 1in laboratory
conditions. The mortalities observed were
related to dosages and concentrations, as
reported by Ukeh et al. (2012). Plants have
phytochemicals that act as chemical defences
against other organisms, and the pungent
odour emanating from the EOs and their
chemical composition might have contributed
to the observed mortalities (Ogunwenmo et
al., 2007; Khani et al., 2017). Phytochemical
analysis of X. aethiopica showed bioactive
compounds such as alpha-pinene, beta-
pinene, 3-carene, and terpinene-4-ol. D.
tripetala  was found to contain beta-
phenylnitroethane, alkaloids, three
phenanthrene alkaloids, stephenanthrene,
argentinine, and vanillin (Kouninki et al.,
2007a; Kouninki et al., 2007b). These
antioxidants and semiochemicals likely
contributed to the toxicity of the EOs to test
insects. Previous studies have shown that D.
tripetala can serve as an insecticide against
Aedes aegypti mosquito larvae and as a
bioinsecticide to control rice and maize
weevils (Reichling et al., 2009). Fumigation
using natural products of plant origin is a
commonly used control method to protect
stored products from insectattacks, as they
tend to have relatively low mammalian
toxicity and are easily degraded (Aydin et al.,

2017; Bakkali et al., 2008). Xylopia
aethiopica, D. tripetala and P. venenosum had
low LDso, which implies that the toxicity was
very high compared to the lethal dose from S.
hirsuta. The high toxicity of the oils explains
the high mortality of maize weevils in the
toxicity test (Kouninki et al., 2007a; Kouninki
etal., 2007b). Sienna hirsuta had a high lethal
dose, which implies low toxicity, and hence, a
lower population of weevils died after its
application. Managing insect pests that attack
grains can be achieved by coating stored
grains with plant EOs and storing them in
hermetic bags (Guedes et al., 2011; Zhao et
al., 2004) The bags work on the hermetic
(airtight) storage principle, and insects on
grains in the bags have a small quantity of
oxygen, which is quickly used up, and carbon
dioxide suffocates the insects. Packaging
grains treated with EOs in hermetic bags bags
is a novel integrated pest management
strategy that is economical, non-toxic and
environment-friendly

CONCLUSION

The fruit of Xylopia aethiopica, the fruit of
Dennettia tripetala, and the seeds of
Physostigma venenosum were effective in
killing Sitophilus zeamais adults and deterring
weevil populations within an hour of
exposure. The insecticidal properties of these
plant oils were due to their low LDso. To
promote environmental conservation and
human health protection, it is recommended
that farmers and households utilize the
insecticidal potentials of these native plant
species.
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