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The rice weevil, Sitophilus oryzae L. is a widely distributed storage insect pest that causes
tremendous damage to stored pearl millet. Farmers employ synthetic chemical insecticides to
overcome this constraint, which have significant impacts on human health and the environment.
The use of plant extracts and plants can be an alternative to these insecticides. The objective of
this study is to evaluate the insecticidal and insect repellent properties of powders and ethanoic
extracts of Ocimum gratissimum L., Ocimum basilicium L., Parkia biglobosa (Jacq.) R.Br. ex
G.Don., and Azadirachta indica A. Juss. against S.oryzae using antixenosis and antibiosis
methods. Deltamethrine insecticide and Bextoxin served as positive controls for antibiosis and
antixenosis tests respectively. Untreated pearl millet were used as negative control. According
to the results, the leaf powders and ethanolic extract of the four plants had repellent properties

Article Info and were more repellent than synthetic insecticides. The leaf powder of O. basilicium was more
- repellent after 1 h (88.24%) and 24 h (80.11%), while that of P. bligobosa was more repellent
S coeied after 12 h of exposure (78.57%).The P. biglobosa extract exhibited the highest rate of repulsion
18 September 2024 g a : .
i against .S. oryzae at 5% concentration after' 2 h of exposure. Deltamethrine had a greater
22 October 2024 insecticidal effect than powders and resulted in complete mortality (100%) of S. oryzae adults
Available Online: from the first day of treatment. The ethanol extract of O. gratissimum caused the greatest
10 November 2024 contact toxicity (100% mortality) at 2.5% concentration after 21 days of treatment. Similarly O.
gratissimum had a high fumigant toxicity (92.5% mortality) at 7.5 % (160 pL/L of air) of
concentration after 24 h after exposure. The results of this study demonstrated that the powders
and extracts of the four tested medicinal plants could be utilized as biopesticides, a potential
alternative for controlling S. oryzae in stored pearl millet.
Introduction al., 2014), with an estimated production of 23990 tons in

2022 (FAO, 2022). Due to its high nutritional value

In the Republic of Benin, pearl millet (Pennisetum  compared to other cereals, this cereal has a great
glaucum (L.) R. Br.) occupies an important place in the  potential for food and nutritional security (Vanisah et al,
diet of the population in the northern region (Dagba er  2011). However, pearl millet is considered as a neglected
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and underutilized crop in the Republic of Benin with a
decrease in production over the years (Dansi et al., 2012;
FAO, 2022). The decline in productivity is a result of
several factors one of them being the attack of storage
insects, which is the most significant biotic factor in
northern Benin (Adeoti et al., 2017). In fact, stored pearl
millet is frequently infested by various insect species,
resulting in quantitative losses and affecting the
nutritional quality and germination of grains (Rajendran
and Chayakumari, 2003).

Sitophilus oryzae L. (Coleoptera: Curculionidea), also
known as the rice weevil, is a pest commonly found in
stored food products. This insect pest is widely spread
and is one of the most economically significant pests of
stored products (Pugazhvendon ef al., 2009). In fact, the
rice weevil could caused a loss of 54.44% of stored pearl
millet after 120 days of storage (Bhargude et al., 2021).

The majority of farmers in northern Benin use chemical
insecticides to fight pests, which have a detrimental
impact on both human health and the environment
(Kossou and Aho, 1993). Given this situation, it is
imperative to investigate alternative methods that are
respectful of the environment and the health of
populations, such as using botanical biopesticides.

In the Northern Benin, farmers often use the leaves of
some medicinal plants such as Ocimum gratissimum L.,
Ocimum basilicium L., Parkia biglobosa (Jacq.) R.Br. ex
G. Don., and Azadirachta indica A. Juss. to protect
stored cereals against insect pest. In fact O. gratissimum
and O. basilicium are aromatic plants whose essential
oils are known to have insecticidal effects on several
storage insect pests such as Acanthoscelides obtectus Say
(Rodriguez-Gonzalez et al, 2019). Rhyzopertha
dominica F. (Toudert-Taleb et al, 2021), and
Callosobruchus maculatus F. (Kéita et al., 2001). Leaf
and seed extracts of P. bligobosa showed insecticidal
properties against Trogoderma granarium Everts (Musa
and Lawal, 2016) and A. obtectus (Nta et al., 2019).
Azadirachta indica seeds and leaves extracts have been
proven to be effective in protecting stored maize (Tofel
et al., 2024), cowpea (Tofel et al., 2017) and pearl millet
(Bagul et al., 2023) from storage insect pests. However,
little information exists on the effectiveness of the
powders and leaf extracts of these medicinal plants that
are proliferating in the Beninese flora in managing S.
oryzae. Therefore, this study aims to evaluate the
repellence and insecticidal properties of powders from
the leaves of O. gratissimum, P. biglobosa, A. indica, and

O. basilicium against S. oryzae.
Materials and Methods
Rearing of S. oryzae

The rearing of S. oryzae was carried out on in boxes
containing healthy pearl millet seeds bought in the
Dassa-Zoumé market. Strains of S. oryzae were collected
in the rearing maintained at the Laboratory of Applied
Zoology and Plant Health (ZASVE) of the National High
School of Applied Biosciences and Biotechnologies
(ENSBBA). Fifty pairs of newly emerged S. oryzae (24 h
old) were placed in plastic boxes (340 x 200 x 70 mm)
containing a mixture of pearl millet varieties previously
sterilized in an oven at 30°C for 24 hin order to kill
hidden insects and eggs. The boxes were placed on
shelves at room temperature in the laboratory and
covered with muslin cloth to allow ventilation. The adult
insects were removed after 7 days of laying and the
boxes were kept for the offspring to emerge. The
experiments were conducted with the offspring of the
second generation.

Plant Materials

The leaves of O. gratissimum, P. biglobosa, A. indica,
and O. basilicium were collected in the town of Parakou
in the north of Benin, and pearl millet seeds were
collected in the local markets. The identification of plant
species was made by the national herbarium of the
University of Abomey-Calavi. The leaves were
thoroughly cleaned and dried at room temperature in the
laboratory. After two weeks of drying, the leaves were
ground into powder using an electrical grinder. The
powders obtained were kept in plastic boxes coated with
aluminium paper.

Preparation of extracts from plants

The extractions were made in accordance with the
method described by Mansoor-ul-Hasan et al., (2014).
For that, 50 g of leaf powder from each plant was mixed
with 100 ml of ethanol. The mixture was then stirred for
30 min on a magnetic stirrer (at 6000 revolutions per
minute) and left to stand for 24 h (Shah et al., 2008). The
extracts were filtered using Whatman filter paper to
remove particles. After filtration, the ethanol extracts
were left to evaporate at room temperature in the
laboratory for 48 hin an oven (Hamouda et al., 2014).
The extracts were stored at 4°C until further use. The
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stock solution of each plant extract was diluted with
ethanol to obtain different solution concentrations.

Bioactivity of leaf powders on S. oryzae
Repellence bioassays

The repellent effect of leaf powders of O. gratissimum,
P. biglobosa, A. indica, and O. basilicium was carried out
on a circular flat-bottomed plastic tray (26 cm in
diameter by 3 cm in height) in the laboratory (Ogendo et
al., 2004). The base of the tray divided into nine equal
parts was delimited in the center by a circle with a radius
of 3 cm. Each leaf powder was evaluated at four different
concentrations (2, 5, 7, and 10% w/w) with the
commercial insecticide Bextoxin (aluminium phosphide
570 g/1) as a positive control. Untreated millet was used
as a negative control. Ten grams of healthy pearl millet
mixed with each concentration of each powder was
placed in each compartment of the tray, equidistant from
the center. For each treatment, 20 adults of S. oryzae (3-7
days old) starved for 1 h were released into the center of
the tray, which was immediately covered with a
transparent muslin fabric, to prevent insects from
escaping outside (Isah et al, 2009). The treatments were
repeated 4 times for each concentration. The total
number of insects found on untreated millet (P) and on
treated millet grains (G) was recorded after 1 h, 12 h, and
24 h of exposure. The percentage of repulsion (PR) was
calculated using the formula of McDonald et al., (1970):

PR = [(Nc - Nt) / (Nc + Nt)] x 100 ... (1)

Where N¢ = number of insects present in untreated millet
grains; Nt = number of insects present in treated millet
grains.

The average repellence value of each extract was
calculated and assigned to repellency classes from 0 to
V: class 0 (PR £ 0.1%). class I (PR = 0.1 - 20%). class 11
(PR =20.1 - 40% Class III (40.1 - 60%). class IV (60.1 -
80%) and class V (80.1 - 100%).

The repulsion index (RI) was calculated using the
formula:

IR=2G/G+P

Where G = percentage of insects attracted by the
treatment and P = percentage of insects attracted by the
control.

The values of the repulsion index (RI) are comprised

between 0 and 2 (Gusmao et al., 2013). According to
Padin ef al., (2013). IR = 1 indicates a similar repulsion
between the treatment and the control (neutral treatment).
IR>1 indicates a lower repulsion of the treatment
compared to the control (attractive treatment) and IR <1
corresponds to a greater repulsion of the treatment
compared to the control (repellent treatment).

Contact toxicity

The experiment was carried out according to the
methodology described by Chebet et al., (2013). The
powders of the leaves of the different plants were mixed
with 100 g of disinfected pearl millet seeds in plastic
boxes (10 cm high and 13 cm in diameter) at respective
rates of 0, 2, 4, 6, 8, and 10 (% w/w). Pearl millet was
impregnated with the insecticide deltamethrine, which
was used as a positive control. Ten pairs of adult insects
(3 to 7 days old) were introduced into treated and
untreated millet grains. Each box was lined with muslin
cloth to prevent insects from escaping. A completely
randomized block experimental design with four
repetitions was used. Adult mortality was taken at 1, 3, 5,
7, 14 and 21 days after exposure (Othira et al., 2009).
The percentage of adult mortality was calculated
according to the formula of Asawalam et al., (2006) and
corrected with the Abbott's formula (Abbott, 1925). The
percentage of dead insects was determined using the
following formula:

Mortality percentage
number of 5. oryzae dead

= x 100
Number of §5.oryzae introduced )

Corrected mortality

o mortality in T — % mortalityin
_Ch y emortalityin ©) 00 (3
(100 — % mortality in C)

Where T = treated millet and C = untreated millet
Bioactivity plant extracts on S. oryzae
Repellence bioassays

The repellent effect of the extracts was tested according
to the method described by Hamouda et al., (2014).
Using a micropipette, 200 pL of each concentration of
plant extract was applied separately and uniformly to a
first half of filter paper (Whatman No. 40. 9 cm in
diameter). The second half of the filter paper, which
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constitutes the control, was treated with different solvents
(acetone, propanol, methanol, ethanol, and distilled
water) at the same concentration (200 uL).

Both halves (the treated and the controls) were exposed
to ambient air for possible evaporation for 10 min. The
two treated half-papers were then be glued together using
adhesive tape and placed inside a 9 cm diameter petri
dish.

Twenty adult insects were released into the center of
each filter paper disk. The treatment was repeated 4 times
with each concentration. The insects that have settled on
each half of the filter paper disc were counted after 15
min, 30 min, and 2 h. The counted mean was converted
to percentage repulsion (PR) using the formula of
McDonald et al., (1970) as the equation (1).

Topical bioassays

The thorax of 10 S. oryzae adults was treated with 1 pL.
of each preparation using a micropipette. The treated
insects were put in transparent boxes (8 cm in diameter at
the base and 5 cm in height) which had previously been
filled with 10 g of healthy pearl millet. Simple distilled
water was used as a control.

Each treatment was repeated 4 times and placed under
laboratory conditions in completely randomized blocks.
The mortality rate was recorded 2, 7, 14 and 21 days
after treatment (Aryani and Auamcharoen, 2016). The
percentage mortality of S. oryzae was calculated
according Equations (2) and (3).

Fumigation toxicity

The fumigant toxicity of the five solvent extracts from
the leaves of O. gratissimum, P. biglobosa, A. indica, and
O. basilicium was tested following the method described
by Nattudurai et al., (2015). An aliquot of 0, 5, 10, 20
and 40 pL of each solvent extract was applied to a strip
of Whatman No.l filter paper (2 cm in diameter)
corresponding to doses of 0 (as a control), 20, 40, 80 and
160 pL/L air.

Each strip of treated paper was fixed inside the vice cap
of a glass bottle (15 cm in height and 4.5 cm in diameter)
containing 10 g of healthy millet. After 10 adult insects
are released into the glass bottles, the bottles were closed.
The treatments were repeated 4 times and placed in the
laboratory conditions in completely randomized blocks.
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After 24 h of treatment, dead insects (immobility of
antennae and legs) were recorded. The mortality rate of
S. oryzae was calculated according Equation (2) and (3).
The toxicity ratio (TR) was calculated using the formula
used by Gusmao et al., (2013).

Toxicity ratio(TR)
_ LC50 of the extract with lowest toxicity
~ LC50 of other individual extracts

Results and Discussion
Repellent effect of leaf powders

The insecticide and all plant powders showed a repellent
effect against S. oryzae (Table 1). The repulsion of adult
S. oryzae insects was significant after 1 h (F=2.824, df=
19, P <0.001), 12 h (F=3.760, df= 19, P < 0.000) and 24
h (F=5.630, df =9, P < 0.05) of exposure at the level of
all plants (Table 1).The average percentage of repulsion
reached 79.24% at a dose of 2% of P. bligobosa powder
after 24 h of exposure.

The average repellency rate showed that the powders of
the four plants had repellence classes ranges from I to IV.
Bextoxin presented a repellency class varying from I to
II. The statistical analysis of the repulsion of S. oryzae by
the different plants revealed that P. biglobosa, A. indica,
and O. basilicium at 2g, 5g and 10g respectively, and O.
gratissimum at 2g and 5g presented a repulsion of class
IV.

Insecticidal effect of leaf powders

The contact toxicity of leaf powders of O. gratissimum,
P. biglobosa, A. indica, and O. basiliciumon S. oryzae
adults varied in function of the dosage, and the exposure
time (Table 2). Deltamethrin was more effective during
all periods and caused up to 100% mortality from the
first day of treatment. The effects of the four powders
tested were significantly different from those of
deltamethrin after 1 day (F = 4.162; df = 35; P = 0.000),
3 days (F = 3.964; df = 35; P = 0.000), 5 days (F =
(5.404; df = 15; P = 0.028), 7 days (F = 5.621; df = 35; P
=0.000), 14 days (F = 4.256; df = 35; P = 0.000), and 21
days (F = 3.782; df = 35; P = 0.000). After 1 day of
exposure, a dose of 10% (w/w) of A. indica powders
results in the highest mortality rate (26.47%). Even
though not all the plants tested achieved total mortality of
S. oryzae compared to the insecticide, the O. gratissimum
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powder at 2% was more effective, resulting in a mortality
rate of 70% (Table 2). After 21 days of treatment, the
lowest mortality rates were recorded with O. basilicium
powders at 6% (W/w).

Repellent effect of plant extracts

The repulsion tests performed with different plant
extracts resulted in different repulsion rates depending on
the time of exposure (Table 3). The repellent activity of
the different plants tested was not significant between the
treatments after 15 min (F = 1.435, df = 20, P = 0.140)
and 2 h of treatment (F = 1.577, df = 20, P = 0.088).
However, the repellent effect of plant extracts was
significant after 30 min of exposure (F = 2.168, df = 20,
P = 0.011). The ethanol extract of O. gratissimum at 5%
was not effective in repelling S. oryzae (Table 3).

Contact toxicity of plant extracts

The results showed that plant extracts after 2 days (F =
3.040, df = 20, P = 0.000) of O. basilicium at 5% and P.
bligobosa extract at 7.5% caused the highest mortality
rates. After 7 days of treatment, the ethanol extract of O.
gratissimum at 2.5% caused significantly (F = 2.674, df =
20, P =0.002) the highest mortality rate (100%) followed
by O. basilicium extract at 5% and 7.5%. The same trend
was observed after 14 days (F = 2.500, df = 20, P =
0.003) and 21 days (F = 2.172, df = 20, P = 0.010) of
treatment. In fact, from the first to the 21 day of
treatment, the lowest mortality rates were recorded with
the ethanol extracts of 4. indica at 2.5% (42.50%
mortality) and 5% (42.50% mortality) of treatment.

Fumigant toxicity of plant extracts

The fumigant effect of plant extracts was significantly
different from one treatment to another (df = 20, F =
5.332and P = 0.000). After 24 h of exposure, the ethanol
extract of O. gratissimum at 7.5% and 2.5% caused the
highest mortality rate (92.5% and 73.12% mortality for a
maximum concentration of 160 uL / L of air). While the
lowest mortality rates were recorded with ethanol
extracts of P. biglobosa at 2.5% for a minimum
concentration of 20 pL/L of air. The use of plants in the
fight against crop pests constitutes an alternative method
to the use of the most widespread chemical insecticides
against insect pests that attack stored food products. Our
study based on the different results obtained showed that
the powders and ethanol extracts of four tested plants

have a repellent and toxic effect on S. oryzae. These
observed repellent effects could be due on the one hand
to the volatile chemical compound contained in the
different plants (Isman, 2002). It is also known that the
exposure period is the most important factor influencing
the repellent effect (Ktys et al., 2017). Plant powders
have the ability to act as vapour on olfactory receptors
(Chebet et al., 2013). The fact that leaf powders of A.
indica and O. gratissimum have caused high mortality of
S. oryzae is not surprising because many authors have
already pointed out the strong insecticidal effect of these
plants on various storage insect pests (Kéita et al., 2001;
Tofel et al., 2017; Toudert-Taleb et al., 2021; Bagul et
al., 2023; Tofel et al., 2024). The crude powder (2.0—
4.4% wiw) of O. gratissimum and A. indica could cause
significant mortality (more than 60%) of C. maculatus
and S. zeamais adults (Iloba and Ekrakene, 2006). Leaf
powder of these local plants can be used as biopesticides
against the rice weevil in the stored pearl millet.

The results of the topical application of ethanol extracts
of O. gratissimum, P. biglobosa, A. indica, and O.
basilicium showed a strong insecticidal effect against S.
oryzae. However, the low contact toxicity of A. indica
against S. oryzae is not overwhelming.

Indeed, neem extract has only a weak or no contact
toxicity effect when applied topically because within the
insect body, azadirachtin is rapidly excreted and the
remaining amount is mainly critical for insect
development (Akol et al., 2002).

The high insecticide potential by contact of O.
gratissimum extract on S. oryzae could be explained by
its high content in thymol, which exhibits strong contact
and fumigant toxicity against this pest (Remesh et al.,
2022). This explains why after 24 h of exposure, the
ethanolic extract of O. gratissimum caused the highest
mortality rate. It would therefore be interesting to
formulate a biopesticide or to find a form of use of this
plant that maximizes these effects for efficient use by
smallholder pearl millet producers.

This study revealed the repellent and insecticidal effects
of leaf extracts from four local plants against S. oryzae,
the pest infesting pearl millet. The repellent and
insecticidal properties of O. gratissimum are promising
and could be used as a foundation for a biopesticides that
is accessible to smallholder pearl millet producers.
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Table.1 Repellency percentage (mean + SE) and the repellency classes of the different powders of P. bligobosa, O. basilicium, O. gratissimum,
and A. indica on S. oryzae adults in function of time and different concentrations.

Treatment Concentration % repulsion at different time Average repulsion = Repulsion class Repulsion Classification
(% wiw) intervals index
1h 12h 24h

Bextoxin 2 60 £ 43.75ab 31.50 + 5.10ab 18.63 + 8.87b 36.71 £ 12.22ab 11 0.66 £ 0.03 Repellent
5 48.47 +10.69ab | 19.37 £+ 12.12ab  43.05 + 18.71ab 36.96 + 8.93ab II 0.63 £0.08 Repellent
7 16.51 +24.09¢ 1.58 £ 5.58b 30.48 + 8.00ab 15.13 £9.28b I 0.84 +£0.08 Repellent
10 26.21 +£8.70bc  20.00+ 11.38ab = 15.09 £+ 13.06b 20.43 £3.21b II 0.79 £ 0.06 Repellent

P. bligobosa 2 7736+ 64.11a = 62.40+14.02a | 62.09 + 13.70a 67.28 £5.03a IV 0.37+0.06 Repellent
5 75.56 £ 6.49a 80.11+ 7.03a 74.97 £ 5.81a 76.88 + 1.62a v 0.23 £0.03 Repellent
7 57.19 + 15.06ab = 45.80 +25.50a = 63.00 + 10.16a 55.33 £5.05a 11 0.44 +0.09 Repellent
10 53.83 £17.15ab = 59.24 £ 8.04a 77.38 £5.47a 63.48 £ 7.12a v 0.36 £ 0.06 Repellent

A. indica 2 80.77 £ 69.75a 74.71 £ 3.25a 79.24 + 2.82a 78.24 + 1.81a vV 0.25+0.03 Repellent
5 77.80 £ 6.28a 70.07 + 9.80a 69.05 + 8.50a 72.30 £ 2.76a 1\Y 0.27 £ 0.04 Repellent
7 47.09 £16.76ab = 50.43 + 13.41a 68.86 £9.91a 55.46 £ 6.76a I 0.44 £0.07 Repellent
10 77.70+1.90a = 70.69 + 13.83a 78.36 £ 6.10a 75.58 £ 2.45a v 0.24 £ 0.04 Repellent

O. basilicium 2 94.44 +£79.13a 69.42 £ 7.25a 75.17 £ 12.05a 79.67 £ 7.56a v 0.25 +0.04 Repellent
5 73.57 £ 10.26a 64.55 £ 9.35a 57.38+11.98a 65.16 £ 4.68a v 0.34 +0.05 Repellent
7 62.75+12.14a | 39.61 + 16.90ab | 64.16 + 12.27a 55.50 £ 7.95a III 0.44 + 0.08 Repellent
10 68.25+11.38a  50.33 +14.91a 78.57 £ 8.13a 65.71 + 8.25a v 0.34+0.07 Repellent

O. gratissimum 2 88.24 + 72.03a 70.98 £ 5.71a 74.66 + 12.21a 77.96 + 5.24a v 0.27 £ 0.04 Repellent
5 79.78 £3.59a = 49.73 + 16.06a 63.99 £ 6.39a 64.50 + 8.67a 1% 0.35+0.06 Repellent
7 72.05+17.83a = 45.78+12.02a | 53.84+17.22a 57.22 +7.76a 1 0.42 +£0.08 Repellent
10 59.32+11.97ab 48.79+10.62a 42.45=+15.50ab 50.18 £4.91a 1 0.49 £ 0.07 Repellent
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Table.2 Mortality rate of S. oryzae adults and weight lost (mean + SE) of millet treated with different concentrations of leaf powders of the seven

Treatments

Deltamethrine
A. indica

O. gratissimum

P. bligobosa

O. basilicium

Concentration (% w/w)

<
S
O

—_ —_ —_
OO@-&NOOOO\#NOOOO\ANOOOO\AN

—_
S

1
100 £+ 0.00a
1.26 + 1.46¢
1.26 + 1.46¢
1.26 + 1.46¢

1.26 + 1.46¢
1.26 = 1.46¢
8.86 £ 5.46bc
10.12 +2.42bc
2.53+2.42¢
10.12 + 4.32bc

26.47 £ 10.87b

6.32+ 3.26bc
1.26 £2.07¢
2.53 +£1.26¢
1.26 +£2.53¢
0.39 £1.26¢
3.79 £2.92¢
3.79 £2.92¢
1.26 £2.07c
1.26 = 1.46¢
1.26 £ 1.46¢

plants after 21 days of observation.

Corrected mortality rate after different periods of exposure (days)

3
100 £ 0.00a
7.79 £491c
24.67 £ 10.05bc
31.16 £ 4.43b

20.77 £ 9.57bc
24.67 + 6.18b
14.28 +2.59
19.48 £ 6.18bc
7.79 £ 5.35¢
15.58 £ 6.83¢
3.79+ 2.06¢
38.96 + 4.43b
19.48 £ 5.40bc
32.46 + 6.70b
23.37+5.35b
12.98 + 4.43bc
7.79 +£4.91c
11.68 £ 6.36bc
1.29 +1.49¢
5.19+2.48¢c
7.79 £2.48¢
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5
100 £ 0.00a
15.78 &+ 5.68¢cd
42.10 £ 15.04b
51.31 +4.49b

40.78 £ 12.22b
52.63 = 12.34b
23.68 £4.55¢
25 +4.49¢
17.10£9.21cd
26.31+£9.11c
5.19+1.29d
64.47 + 10.82b
28.94 £ 4.55¢
44,73 £9.72b
35.52 + 7.85bc
22.36 +£4.49¢
10.52 £ 3.72cd
15.78 £ 5.68cd
2.63 +3.39d
13.15 £ 3.39cd
7.89 +3.39d

7
100 £+ 0.00a
18.05 + 6.15bc
50.00 + 14.87b
55.55+7.17b

4722+ 11.67b
56.94 + 12.29b
22.22 +£5.07bc
26.38 £ 6.15bc
18.05 + 10.72bc
25+ 10.51bc
17.10 £ 6.21bc
69.44 + 10.75b
33.33 +£3.92bc
48.61 £ 6.56b
36.11 +7.34b
26.38 = 4.74bc
6.94 £4.16¢
12.5+6.15¢
1.26 + 1.46¢
12.5 + 3.49bc
4.16 £ 2.65¢

14
100 £ 0.00a
16.17 +£5.02
55.88 + 14.70bc
55.88 £ 5.63bc

48.52 £ 12.56bc
54.41 £ 13.01bc
30.88 £ 6.52¢
26.47 £ 7.00bc
13.23 +11.35¢d
23.52 £12.00c
26.38 £ 10.48¢
70.58 + 12.93b
32.35+3.79¢
48.52 £ 7.73bc
36.76 + 8.09¢
27.94 £ 6.06bc
5.88 £5.36d
13.23 £9.71cd
1.47+ 1.46d
10.29 + 4.41cd
441+2.81d

21
100 £ 0.00a
17.64 £+ 5.36¢
63.23 + 14.68b
57.35 £ 6.94b

51.47 +12.33b
5441 +13.01b
32.35+5.09bc
30.88 + 7.73bc
16.17+ 11.61cd
26.47 £ 10.87bc
36.76 = 14.07bc
70.58 £ 12.93b
38.23 + 5.09bc
5441 +£9.71b
42.64 £9.10b
27.94 £ 6.06bc
8.82+3.79d
13.23 £9.71cd
1.56 +5.88d
11.76 £+ 5.36¢cd
8.82 +3.79d
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Table.3 Repulsion rate of the different extracts from the leaves of O. gratissimum. P. biglobosa, A. indica, and O. basilicium towards S. oryzae
after different periods of exposure

Plants

P. biglobosa

0. basilicium

O. gratissimum

A. indica

Concentration
of extracts (%)
2.5
5
7.5
2.5
5
7.5
2.5
5
7.5
2.5
5
7.5

Percentage of repulsion after treatments

15 min
15.01 £27.53ab
10.00 + 26.45ab
25.00 + 15.00ab

0.00+17.32a
0.00 £ 25.82a
15.00 + 20.62a
40.00 + 14.14b
0.00 £22.17a
5.00 + 17.08ab
0.00 £ 30.95a
45.00 £20.61b
40.00 £ 8.16b

30 min
20.00 + 29.44a
80.00 £ 11.55b
29.62 £+ 17.25ab
15.00 + 15.00c

40.00 £+ 8.16b
25.00 + 18.93¢
0.00 £ 38.62¢
0.00 + 5.00d
0.00 + 8.16¢
60.00 £+ 11.55ab
60.00 = 8.16ab
35.00 + 18.93ab

2h
5.00 £ 17.08b
45.00 £+ 12.58b
30.00 + 10.00b
10.00 + 5.77¢
30.00 + 10.00b
00.00 + 11.55d
52.50 + 13.77¢
42.50 + 8.54b
40.00 + 7.07b
20.00 + 32.66b
60.00 = 14.14a
10.00 + 10.00b

Average
repulsion
13.33 £ 4.41ab
45.00+20.21a
28.21 + 1.61ab
5.00 + 7.64
23.33 + 12.02ab
6.67 + 13.64b
29.17 £ 17.46ab
6.83 £ 25.67b
15.00 £ 12.58ab
25.00 + 18.93ab
55.00 £ 5.00a
28.33 £ 9.28ab

Repulsion
class
1\Y
V
111
1
111

III
II

Repulsion
index
0.86+0.13
0.55+0.12
0.72+0.14
0.95+0.07
0.76 £ 0.10
0.93+0.10
0.96+0.15
0.93+0.13
0.88 £0.08
0.75+0.16
0.62+£0.11
0.71 £0.07

Classification

Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent
Repellent

Table.4 Mortality rate of S. oryzae after topical application with ethanol extracts of O. gratissimum. P. biglobosa, A. indica, and O. basilicium
leaves and weight losses (mean + SE) of millet 21 days after treatment. Mortality rate corrected by the Abbott’ formula (4).

Plants

P.biglobosa

O. basilicium

A. senegalensis

0. gratissimum

Concentration of extract

2.5
5
7.5
2.5
5
7.5
2.5
5
7.5
2.5
5
1.5

Mortality rate (%) after different exposure periods

2

90.00 +4.08a
65.00 £ 20.61ab
95.00 + 2.88a
90.00 £ 7.07a
95.00 + 5.00a
77.50 £ 16.52ab
32.50 £+ 17.96ab
32.50 + 16.00ab
17.50 + 14.36b
92.50 £4.78a
90.00 + 4.08a
55.00 + 8.66ab

125

7

9494 +2.50 a
79.48 + 11.84ab
94.87 + 2.96a
97.43 £2.56a
97.43 + 2.56a
84.61 £ 15.38a
53.84 + 13.56ab
46.15 + 14.12ab
38.46 + 25.12ab
100.00 + 0.00a
92.30 +4.90a
55.00 + 8.66ab

14
94.94 +2.50a
92.30 + 7.69a
94.87 + 2.96a
97.43 £2.56a
97.43 + 2.56a
84.61 £ 15.38a
53.84 + 13.56a
58.97 £ 9.36a
48.71 £19.63a
100.00 £+ 0.00a
92.30 +4.90a
82.05 + 14.72a

21
97.50 £ 2.50a
92.50 + 7.50a
95.00 + 2.88a
100.00 £+ 0.00a
97.50 + 2.50a
85.00 = 15.00a
60.00 + 14.14a
62.50 + 7.50a
57.50 £ 16.52a
100.00 £+ 0.00a
95.00 + 5.00a
82.50 + 14.36a
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Table.5 Percentage of mortality of S. oryzae adults after 24 hours of treatment with ethanol extracts of O.
gratissimum, P. biglobosa, A. indica, and O. basilicium, Mortality corrected by the Abbott’ formula.

Plants Concentration of
extract (%) 5.00

P. biglobosa 2.5 3.75+7.47b

5 438 £5.63b

7.5 0.00+9.21b

A. indica 2.5 0.00 + 8.26b
5 13.75 + 13.75ab
7.5 18.13 + 4.49ab

0. gratissimum 2.5 36.88 + 6.24a

5 46.88 +3.13a

7.5 15.63 £ 4.83b

0. basilicium 2.5 6.88 + 6.88ab
5 16.88 &+ 10.87ab
7.5 27.50 = 11.09ab

Author Contributions

Tayé Obédatou Alagbe: Investigation, formal analysis,
writing—original draft. Yeyinou Laura Estelle Loko:
Validation, methodology, writing—reviewing.

Data Availability

The datasets generated during and/or analyzed during the

current study are available from the corresponding author
on reasonable request.

Declarations

Ethical Approval Not applicable.
Consent to Participate Not applicable.
Consent to Publish Not applicable.

Conflict of Interest The authors declare no competing
interests.

References

Abbott, W.S. (1925) A Method of Computing the
Effectiveness of an Insecticide. Journal of
Economic Entomology, 18, 265-267.

http://dx.doi.org/10.1093/jee/18.2.265a

Mortality rate after 24h (%) /concentration (uL /L d'air)

10 .00 20.00 40.00
14.38 + 18.77ab =~ 42.50+21.75b 8.75+591b
1.13 £ 5.15¢ 3.75+7.47a 3.75+1.14b
0.00 £+ 0.00c 3.75 £9.86a 2.50 £ 2.50b
24.38 +13.78ab 34.38 +2.58b 15.00 + 6.45ab
11.25+12.97ab 3.75+9.87a 17.50+ 11.81ab
11.25+12.31ab 3.75 + 10.68a 45.00 £ 16.58a
36.88 + 2.37ab 43.13+11.96b 66.88 + 10.87a
63.13+2.37a 50.63 = 6.16b 92.50 +7.50a
6.25+ 6.25a 23.75+24.10b 73.13+7.17a
10.63 +4.13a 12.50 = 4.79b 1.25+8.75b
30.63+10.43ab  26.88 +13.75b 23.75 £ 2.39ab
13.75+13.75a 20.63 £+ 3.59b 25.63 £ 12.5ab

Adéoti, K., Kouhoundé, S. H. S., Noumavo, P. A., Baba-
Moussa F., & Toukourou F. (2017). Nutritional
value and physicochemical composition of pearl
millet (Pennisetum glaucum) produced in Benin.
Food Sciences of Food Sciences. 7(1):92-96.
http://dx.doi.org/10.15414/jmbfs.2017.7.1.92-96

Akol A. M. Sithanantham S. Njagi P. G. N. Varela A.
Mueke J. M. (2002). Relative safety of sprays of
two neem insecticides to Diadegma mollipla
(Holmgren). aparasitoid of the diamondback
moth: effects on adult longevity and foraging
behaviour. Crop Protection. 21: 853-859.
https://doi.org/10.1016/S0261-2194(02)00052-2

Aryani, D. S., & Auamcharoen, W. (2016). Repellency
and contact toxicity of crude extracts from three
Thai plants (Zingiberaceae) against maize grain

weevil,  Sitophilus  zeamais  (Motschlusky)
(Coleoptera:  Curculionidae).  Journal  of
Biopesticides, 9(1), 52.

http://dx.doi.org/10.57182/jbiopestic.9.1.52-62

Asawalam, E F, & Hassanali, A. (2006). Constituants de
l'huile essentielle de Vernonia amygdalina
comme agents protecteurs contre le charangon
du mais. Agroécosystemes tropicaux et
subtropicaux, 6 (2)

Bagul G D. Dulera J G. Rank V. (2023). Efficacy of plant
powders as seed protectant against Corcyra
cephalonica (Stainton) in stored pearl millet.The
Pharma Innovation Journal. 12 (12): 1960-1965.

Bhargude, A. R.; Patil, S. K., and Bhede, B. V. (2021).

Susceptibility of selected cereal crops in storage

126


http://dx.doi.org/10.1093/jee/18.2.265a
http://dx.doi.org/10.15414/jmbfs.2017.7.1.92-96
https://doi.org/10.1016/S0261-2194(02)00052-2
http://dx.doi.org/10.57182/jbiopestic.9.1.52-62

Int.J.Curr.Microbiol. App.Sci (2024) 13(11): 118-128

to rice weevil, Sitophilus oryzae (Linnaeus). J.
Pharm. Innov. 10(1): 570-575

Chebet, F., Ogendo, J O, & Kamau, A W (2013).
Bioactivité de poudres végétales sélectionnées
contre Prostephanus truncatus (Coleoptera :
Bostrichidae) dans les grains de mais stockes.
Plant Protection Science, 49 (1).

Dagba, A. R., Missihoun A. A., Adoukonou-Sagbadja H.,
Houéhanou T. D., Assogbadjo A. E., Ahanhanzo
C., & Agbangla C. (2014). Traditionnal
knowledge on millet (Pennisetuum glaucum (L.)
R. Br) genetic resources conservation in Benin:
Local taxonomy and cultivar characteristics.
Annales des sciences agronomiques 18(2), 41-
60.

Dansi, A., Vodouhe, R., Azokpota, P., Yedomonhan, H.,
Assogba, P., Adjatin, A., Loko, Y. L., Dossou-
Aminon, 1., & Akpagana, K. (2012). Diversity of
the Neglected and Underutilized Crop species of
importance in Benin. The Scientific World
Journal. Volume 2012, Article ID 932947, 19 p.
http://dx.doi.org/10.1100/2012/932947

FAO, FIDA, OMS, PAM and UNICEF State of Food
Security and Nutrition in the World (2022).
Reorient food and agricultural policies to make
healthy eating more affordabl. Rome, FAO.
https://doi.org/10.4060/cc0639fr

Gusmao N. M. S. a, d’Oliveira J. V., Navarro D. M. A.
F., Dutra K. A., da Silva W. A.,Wanderley M. J.
A. (2013). Contact and fumigant toxicity and
repellency of Eucalyptus citriodora Hook.,
Eucalyptus  staigeriana  F.,  Cymbopogon
winterianus Jowitt and Foeniculum vulgare Mill.
Essential oils in the management of
Callosobruchus maculatus (FABR.) (Coleoptera:
Chrysomelidae, Bruchinae). Journal of Stored
Products Research, 54: 41-47.
http://dx.doi.org/10.1016/1.jspr.2013.02.002

Hamouda AK, Wang ZJ, Stewart DS, Jain AD, Glennon
RA, Cohen JB. Desformylflustrabromine (dFBr)

and [3H]dFBr-Labeled Binding Sites in a
Nicotinic ~ Acetylcholine = Receptor. Mol
Pharmacol. 2015 Jul;88(1):1-11. doi:

10.1124/mol.115.098913. Epub 2015 Apr 13.
Erratum in: Mol Pharmacol. 2016 Jan;89(1):141.
https://doi.org/10.1124/mol.115.098913err

Iloba. B. N. and Ekrakene. T. (2006). Comparative
assessment of insecticidal effect of Azadirachta
indica. Hyptis suaveolens and Callosobruchus
maculatus. Journal of Biological Sciences 63.

626—630.
https://doi.org/10.3923/jbs.2006.626.630

Isah, A Y et Nwobodo, E I (2009). Sensibilisation et
utilisation — des  moustiquaires  imprégnées
d'insecticide chez les femmes enceintes dans les
établissements de santé tertiaires du nord-ouest
du Nigéria. Revue nigériane de médecine, 18 (2).

Isman, M. (2002). Antiappétants pour insectes. Pesticide
outlook, 13 4), 152-157.
https://doi.org/10.1039/B206507]

Kéita S. M. Vincent C. Schmit J-P. Arnason J. T.
Bélanger A. (2001). Efficacy of essential oil of
Ocimum basilicum L. and O. gratissimum L.
applied as an insecticidal fumigant and powder
to control Callosobruchus maculatus (Fab.)
[Coleoptera: Bruchidae]. Journal of Stored
Products Research. 37: 339-349
https://doi.org/10.1016/S0022-474X(00)00034-5

Kitys§ M. Malejky N. Nowak-Chmura M. (2017). The
repellent effect of plants and their active
substances against the beetle storage pests.
Journal of Stored Products Research. 74: 66 -77.
https://doi.org/10.1016/j.jspr.2017.10.006

Kossou D K and Aho N (1993). Stockage et conservation
des grains alimentaires tropicaux :@ principes et
pratiques. Les éditions du Flamboyant, Cotonou,
Bénin, p. 125

Mansoor-ul-Hasan, S M, Farhan, M., Najam-ul-Hassan,
M., Haidri, S R, Bukhari, M., Gul, H T, et Khan,
A. (2014). Potentiel répulsif d'Azadirachta
indica A. Juss. etGlycyrrhizaglabra L. contre le
bruchide du niebé, Callosobruchus chinensis L.
(Coleoptera Bruchidae). Journal de la
biodiversite et des sciences de [’environnement,
5(1), 405-409.

McDonald, L L, Guy, R H et Speirs, R D (1970).
Evaluation préliminaire de nouveaux matériaux
candidats comme substances toxiques, répulsives
et attractives contre les insectes des produits
stockés (n° 882). Service de recherche agricole,
ministére de I'Agriculture des Etats-Unis.

Musa A. K. and Lawal M. T. (2016). Insecticidal activity
of Citrus sinensis (L.) and Parkia biglobosa
(Jacq.) extracts against Trogoderma granarium
Everts. Agriculture & Forestry. 62 (3): 197-206.
https://doi.org/10.17707/AgricultForest.62.3.17

Nattudurai, G., Irudayaraj, S S, Paulraj, M G, Baskar, K.,
& Ignacimuthu, S. (2015). Activités insecticides
et répulsives des extraits de Toddalia asiatica
(L.) Lam. contre trois principaux ravageurs des

127


http://dx.doi.org/10.1100/2012/932947
https://doi.org/10.4060/cc0639fr
http://dx.doi.org/10.1016/j.jspr.2013.02.002
https://doi.org/10.1124/mol.115.098913err
https://doi.org/10.3923/jbs.2006.626.630
https://doi.org/10.1039/B206507J
https://doi.org/10.1016/S0022-474X(00)00034-5
https://doi.org/10.1016/j.jspr.2017.10.006
https://doi.org/10.17707/AgricultForest.62.3.17

Int.J.Curr.Microbiol. App.Sci (2024) 13(11): 118-128

produits stockés. Entomologie, ornithologie et
herpétologie, 4 (2), 1.

Nta. A. [.. A. A. J. Mofunanya. V. B. Ogar. and P. A.
Azuike. (2019). “Evaluation of the Insecticidal
Potential of Six Plants Leaves Powders Against
Acanthoscelides  Obtectus Say on  Stored
Phaseolus vulgaris L”. Journal of Experimental
Agriculture  International 36 (4):1-12.
https://doi.org/10.9734/jeai/2019/v36i1430243.

Ogendo, J. O., Deng, A. L., Belmain, S. R., Walker, D.
J., & Musandu, A. A. O. (2004). Effect of
insecticidal plant materials, Lantana camara L.
and Tephrosia vogelii Hook, on the quality
parameters of stored maize grains. Journal of
food technology in Africa, 9(1), 29-35.

Othira J O, Onek L A, Deng L A, Omolo E. O. (2009).
Insecticidal potency of H. spicigera preparations
against Sitophilus zeamais (L.) and Tribolium
castaneum (Herbst) on stored maize grains. Afr J
AgricRes 4:187-192
https://doi.org/10.5897/AJAR.9000438

Padin SB, Fuse C, Urrutia MI, Bello GMD. 2013.

Toxicity and repellency of nine medicinal plants

against Tribolium castaneum in stored wheat.
Bulletin of Insectology; 66:45-49

Pugazhvendon S R, Elumalai K, Ronald R P and
Soundararajan M. (2009). Répulsifac-tivity of
chosen  plant species against Tri-
boliumcastaneum. World Journal of Zool-ogy.
4(3): 188-190.

Rajendran, S., & Chayakumari, C. (2003). Infestation et
contréle des insectes dans les grains de sorgho et
de mil stockes.

Remesh V. A. Raveendran A. Bincy K. Wagh V. S.
Dastager S. G. Babu C. S. V. (2022). Insights on
biorational potential of Ocimum gratissimum
essential oil and its binary combination with
monoterpene phenol for control of rice weevil
(Sitophilus oryzae) and aflatoxigenic fungi. Food
Bioscience. 50: 102019.
https://doi.org/10.1016/1.1b10.2022.10201

Rodriguez-Gonzalez A. Alvarez-Garcia S. Gonzélez-
Lopez O. Da Silva F. Casquero P A. (2019).

Insecticidal Properties of Ocimum basilicum and
Cymbopogon winterianus against
Acanthoscelides obtectus. Insect Pest of the
Common Bean (Phaseolus vulgaris. L.). Insects.
10(5):151.
https://doi.org/10.3390/insects10050151

Shah M. M. R., Prodhan M. D. H., Siddquie M. N. A.,
Mamun M. A. A. and Shahjahan (2008).
Repellent Effect of Some Indigenous Plant
Extracts against Saw-Toothed Grain Beetle,
Oryzaephilus surinamensis (L.). Int. J. Sustain.
Crop Prod. 3(5):51-54.

Tofel K. H. Kosma P. Stdhler M. Adler C. Nukenine E.
N. (2017).  Insecticidal  products  from
Azadirachta indica and Plectranthus glandulosus
growing in Cameroon for the protection of
stored cowpea and maize against their major
insect pests. Industrial Crops and Products. 110
(30):58-64.
https://doi.org/10.1016/j.inderop.2017.09.051

Tofel. K. H.. Gaza. D.. Fotso. G. T. et al., (2024). Ability
of Allophylus africanus (Sapindaceae) extracts
and Azadirachta indica (Meliaceae) seed oil to
protect maize against Sitophilus zeamais
Motschulsky. 1855 (Coleoptera: Curculionidae)
simulating farmer storage condition. J Plant Dis
Prot 131. 1561-1571.
https://doi.org/10.1007/s41348-024-00919-9

Toudert-Taleb K. Hedjal-Chebheb M. Derdah Y.
Kellouche A. (2021). Repellent and insecticidal

effects of basil essential oil (Ocimum
gratissimum)  from Kabylie (Algeria) on
Rhyzopertha  dominica  F. (Coleoptera:
Bostrichydae): impact of treatment on the

physicochemical and rheological qualities of
common wheat flour (Triticum aestivum).
African Entomology. 29(2): 547-562.
https://doi.org/10.4001/003.029.0547

Vanisha, S. N., Dhaduk, J. J., Sareen, N., Shahu, T.,
Desai, R. (2011). Potential Functional
Implications of Pearl millet (Pennisetum
glaucum) in Health and Disease. J. Appl.
Pharm.Sci. 1(10):62-67.

How to cite this article:

Tayé Obédatou Alagbe and Yeyinou Laura Estelle Loko. 2024. Insecticidal and Repellent Effects of Some Local
Plants Against the Rice Weevil (Sitophilus oryzae L.) Infesting Pearl Millet Stored in Northern Benin.
Int.J.Curr.Microbiol. App.Sci. 13(11): 118-128. doi: https://doi.org/10.20546/ijcmas.2024.1311.014

128


https://doi.org/10.9734/jeai/2019/v36i430243
https://doi.org/10.5897/AJAR.9000438
https://doi.org/10.1016/j.fbio.2022.10201
https://doi.org/10.3390/insects10050151
https://doi.org/10.1016/j.indcrop.2017.09.051
https://doi.org/10.1007/s41348-024-00919-9
https://doi.org/10.4001/003.029.0547
https://doi.org/10.20546/ijcmas.2024.1311.014

	Insecticidal and Repellent Effects of Some Local Plants Against the Rice Weevil (Sitophilus oryzae L.) Infesting Pearl Millet Stored in Northern Benin
	ABSTRACT
	Introduction
	Materials and Methods
	Rearing of S. oryzae
	Plant Materials
	Preparation of extracts from plants
	Bioactivity of leaf powders on S. oryzae
	Repellence bioassays
	Contact toxicity
	Bioactivity plant extracts on S. oryzae
	Repellence bioassays
	Topical bioassays
	Fumigation toxicity
	Results and Discussion
	Repellent effect of leaf powders
	Insecticidal effect of leaf powders
	Repellent effect of plant extracts
	Contact toxicity of plant extracts
	Fumigant toxicity of plant extracts
	Table.1 Repellency percentage (mean ± SE) and the repellency classes of the different powders of P. bligobosa, O. basilicium, O. gratissimum, and A. indica on S. oryzae adults in function of time and different concentrations.
	Table.2 Mortality rate of S. oryzae adults and weight lost (mean ± SE) of millet treated with different concentrations of leaf powders of the seven plants after 21 days of observation.
	Table.3 Repulsion rate of the different extracts from the leaves of O. gratissimum. P. biglobosa, A. indica, and O. basilicium towards S. oryzae after different periods of exposure
	Table.4 Mortality rate of S. oryzae after topical application with ethanol extracts of O. gratissimum. P. biglobosa, A. indica, and O. basilicium leaves and weight losses (mean ± SE) of millet 21 days after treatment. Mortality rate corrected by the A...
	Table.5 Percentage of mortality of S. oryzae adults after 24 hours of treatment with ethanol extracts of O. gratissimum, P. biglobosa, A. indica, and O. basilicium, Mortality corrected by the Abbott’ formula.

	Author Contributions
	Data Availability
	Declarations
	References

