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Maize weevils (Sitophilus zeamais Motschulsky) are commonly stored grain pests of economic importance in several parts of
Africa. A huge amount of synthetic pesticides is being used for the management of crop pests, which havemany negative efects on
the biotic and abiotic components of the environment. Plant-derived pesticides, on the other hand, are safe for the environment,
afect only target insects, have a low application cost, and are easily biodegradable. Te purpose of this research was to determine
the efectiveness of ethanol leaf tinctures of four selected botanicals against S. zeamais: Brucea antidysenterica (J.) (Waginos),
Croton macrostachyus (Hochst.) (broad-leaved croton), Nephrolepis exaltata (L.) (Boston fern), and Carica papaya (L.) (papaya).
Te experiment was carried out in a completely randomized design (CRD) with four diferent concentrations (0mL, 2.5mL, 5mL,
and 7.5mL) and four plant leaf tinctures in three replicates. A random sample of 300 g of clean maize seed was treated with the
four selected botanicals in plastic jars covered with a muslin cloth. Twenty adult maize weevils were introduced into each
disinfected, treated, and untreated maize grain. Te mortality rate, grain damage, and F1 progeny emergences were assessed and
analyzed using SPSS software version 25.Te highest (100%)mortality rate of S. zeamaiswas recorded for maize seeds treated with
the leaf tincture of B. antidysenterica, followed by maize seeds treated with the leaf tincture of C. papaya (97.5%) at an application
rate of 7.5mL/300 g. Te mean weight loss of the seeds showed a signifcant variation between the treatments. Te mean weight
loss of the seeds in the control (8.96%) was higher than the total mean weight loss treated by all plant leaf tinctures (3.66%). Te
emergence of F1 progeny of S. zeamais on maize grains showed signifcant diferences among the treatments. Te highest
emergence (100%) of F1 progenies was recorded for the control treatment followed by C. macrostachyus (16.65%) at a rate of
2.5mL/300 g maize grain treatment. Te study concluded that B. antidysenterica and C. papaya tinctures had the potential to
control the infestation of maize grains by S. zeamais.

1. Introduction

Maize (Zea mays L.) is one of the major cereal grains that
are widely cultivated and consumed in Africa [1–3].
However, it is vulnerable to insect damage. S. zeamais is
the most important maize storage pest [4, 5]. Maize
damage by S. zeamais results in food loss, increased
poverty, reduced nutritional values, increased malnu-
trition and weight loss, and reduced market values and
seed germination [6]. In developing countries, maize
production and consumption often fall below demand

because of postharvest losses [7]. Furthermore, the main
causes of crop losses in tropical developing nations in-
clude unfavourable climatic conditions, inadequate
storage facilities, and pests [8].

Ethiopia is one of the major producers of cereal crops in
Africa. Maize accounts for 27% of the total annual cereal
production [9]. Te annual grain loss in Ethiopia ranges
from 20 to 30% [4]. Te major loss is caused by storage pests
such as maize weevil, S. zeamais, grain moth, Sitotroga
cerealella (Olivier), rice weevil, Sitophilus oryzae (L), and
four beetle, Tribolium confusum (J.) [4]. Tese insect pests
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can cause 20–40% losses during cultivation and 30–90%
during postharvest and storage [10].

Nowadays, huge amounts of synthetic pesticides are
being used to control stored grain pests [11]. Regardless of
their inherent hazards, they are intensively used in the
agricultural sector in Ethiopia. A study in four regions of
Ethiopia (Amhara, South Nations, Nationalities, and
People (SNNP), Oromia, and Tigray) showed that more
than 80% of the farmers used fumigant insecticides to
control S. zeamais [12]. Te use of synthetic chemicals to
manage crop pests has many negative efects on biotic and
abiotic components of the environment. Some of these
efects include pesticide resistance in some pests, acute
toxicity, a low rate of degradation, destruction of non-
target organisms, and a carcinogenic efect [11]. More-
over, the cost of pesticides has increased due to pest
resistance [13]. Terefore, identifcation of biodegradable,
less toxic, and efective botanical insecticides is essential
to overcome the aforementioned human and environ-
mental hazards caused by the majority of synthetic pes-
ticide chemicals [14–16].

Some plant species, such as Annona muricata, Euca-
lyptus tereticornis, Tephrosia vogelii, Olax subscorpioidea,
Aframomummelegueta, Euphorbia balsamifera, andMentha
piperita, have secondary metabolites that can be tinctured
with ethanol, methanol, or acetone [16–20].Tese secondary
metabolite tinctures have been reported to cause high
mortality among storage crop pests [20, 21]. Mohammad
et al. [16] reported that the methanol extract of Annona
muricata L. showed the highest mortality (100%) of
S. zeamais within 7 days with a minimum concentration.
Erenso and Berhe [22] reported the toxicity efect of seed
and leaf powder of the neem tree (Azadirachta indica L.)
against S. zeamais and recorded 61–82% S. zeamais
mortality. Te efcacy of leaf and seed powder of Aza-
dirachta indica L., Lantana camara L., and Jatropha
curcas L. showed S. zeamais mortality, a decrease in F1
progeny, and low seed damage [1]. Application of the oil
extract from Ocimum kilimandscharicum (Guerke) on
maize grain also resulted in 100% mortality of S. zeamais
at 105 μl/mL concentration [23].

Traditionally, farmers have used plants and plant
products for centuries to control postharvest crop pests
[24]. Farmers in the study area have traditionally used
leaves of B. antidysenterica (J), C. macrostachyus
(Hochst), N. exaltata (L), and C. papaya (L) to reduce
storage pest infestations and repel insects. Terefore, this
study aimed to evaluate the efcacy of selected plant
extracts against S. zeamais.

2. Materials and Methods

2.1. Maize (Zea mays L.) Collections. Approximately, 15 kg
(5 kg from each study site) of commonly grown hybridmaize
grain (BH-660) was collected from the farmers at the three
selected study sites Mankusa, Jiga, and Birsheleko of Jabi
Tahinan district, west Gojjam zone (Figure 1). Te maize
grain used during the laboratory study was disinfected at
−4°C in a deep freezer for 2weeks to kill any live insects [13].

Similar-sized maize grains were selected for the experi-
mental analysis following Muzemu et al. [13].

2.2. Collection and Rearing of S. zeamais. Adult S. zeamais
was collected from maize grains stored in farmers’ tra-
ditional storage facilities, such as gumbi, gombisa, diya
(bamboo), and sack (Figure 2). Te infected grains
were brought to the Debre Markose University Plant
Science Laboratory, and the insects were separated
from the infected maize grains. Ten paired unsexed
adult weevils were introduced into ten plastic jars
(15 cm × 15 cm × 20 cm) containing 300 g of maize grains
disinfested at −21°C in a deep freeze for 2 weeks for mass
rearing [25]. Tese jars were covered with thin netting
held in place by rubber bands to allow ventilation and
prevent the escape of experimental insects. Te insects
were cultured at 27 ± 3°C and 55–70% relative humidity
[26]. Parents of the experimental insects were sieved out
after an oviposition time of 13 days. Te seeds were then
kept under laboratory conditions until the F1 progeny
emerged. Te F1 progenies of the insects that emerged
after 30 days were sieved out and used for the experiment.
Each experiment was conducted in triplicate.

2.3. Plant Material Collection. Medicinal plants used to
prevent and kill insects were collected from Jabi Tahinan
district, west Gojjam zone, Ethiopia. Tree kebeles (the
smallest administrative unit in Ethiopia), namely, Mankusa,
Jiga, and Birsheleko, were purposively selected. A total of 45
key informants including medicinal plant practitioners were
selected proportionally from each kebele. Medicinal plants
were prioritized based on the results obtained from key
informants andmedicinal plant practitioners (Table 1). Plant
species were identifed based on published volumes of the
fora of Ethiopia and Eritrea [27–31]. Te most frequently
used plant species and plant materials (leaves) were collected
for tincture preparation.

2.4. Preparation of Tinctures of Plant Materials. Te plant
leaves collected from the study area were washed thoroughly
with running tap water to remove the attached dirt and air-
dried under shade at room temperature for one week to
prevent denaturation of the chemical substances. Te dried
leaves of each plant species were powdered using a domestic
electric grinder and sieved through amesh sieve of 0.1mm to
obtain a uniform particle size (Figure 3). Te resulting
powders were labeled and kept separately in a plastic bottle
with a screw cap and stored at room temperature in the dark
until used in the experiment.

Te tincture of the selected plants was prepared by
mixing each plant’s leaf powder in 70% ethanol in a 1 : 5
(w/v) ratio following Suleiman et al. [17]. Te mixture was
placed in a dark cool area for three weeks and shaken every
day for complete homogenization. After three weeks, the
tincture was fltered using cotton and clean gauze, and then,
the fltrate was placed in plastic bottles, sealed, and kept in
a cold dark place until it was used.
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2.5. Laboratory Bioassays

2.5.1. Efects of Plant Tincture on Maize Weevil Mortality.
Te experiment was carried out in a completely randomized
design (CRD) with three diferent concentrations and one
control of the four plant tincture concentrations (0mL
2.5mL, 5mL, and 7.5mL) with three replicates [32]. Grains
in the control were treated with ethanol (70%) only. A
random sample of 300 g of clean maize seed was taken, and
the weight was recorded. Te seeds were kept in one-liter
plastic jars covered with a muslin cloth. Each of the three
tincture concentration was poured on the seeds, and the jars
were shaken thoroughly for 5min to ensure uniform dis-
tribution of the solution over the grain surfaces. Te treated
grains were kept open for 36 hours to allow complete
evaporation of the solvent before conducting the bioassay
experiment. Twenty unsexed newly emerged weevils
(3–5 days old) [33] were introduced into each jar, and the
fate of the weevils was recorded on the 6th, 12th, 24th, 48th,
and 72nd hours and weekly for four weeks after their
introduction.

2.5.2. Efects of Plant Tincture on Grain Damage. A random
sample of 300 g of clean undamaged and uninfected maize
seeds was weighed and kept in 250mL plastic jars, which
were covered with a muslin cloth. Te jars were kept on the
laboratory bench for daily observation. Each of the three
tincture concentrations was coated onto the seeds, and the
jars were shaken to mix the plant tincture and the maize
seeds. Soon after mixing, ten unsexed freshly emerged

weevils (3–5 days old) [33] were introduced into each jar.
After two months, a random sample of 20 seeds was taken
from each jar to determine the number of seeds showing
signs of weevil attack (holes), and for each jar, the weight of
seeds was recorded; the percentage weight loss was calcu-
lated based on the original weight. Grains with holes were
counted, and the percentage of grain damage caused by the
weevils to the total grains was calculated using the following
formula [4]:

Grain damage (%) �
TNDG
TNG

  × 100, (1)

where TNDG� total number of damaged grains and
TNG� total number of grains.

2.5.3. Efects of Plant Tincture on the Emergence of F1
Progeny. In the same experimental setup, after two
months of the introduction of the parent adult weevils to
the treated seeds, all the dead and alive weevils were
sieved, counted, and discarded. Te grains were placed
back into the jars, covered with a nylon mesh, and kept
under the same conditions to assess the F1 progeny. Te
F1 progeny weevils were counted and removed until two
months, and adults were counted and removed from the
jar on each assessment day to avoid overlapping
emergencies [26].

In the samples, grain weight loss, damaged grains, weevil
mortality, and F1 progeny emergency were calculated as
follows [13]:
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Figure 1: Map of maize grain collection areas.
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(1) Weight Loss. Te weight loss of maize seeds due to in-
festation with S. zeamais was determined two months after
treatment.Te dry weight loss was calculated as follows [13]:

Weight loss (%) �
IDWS − DWA3M

IDWS
  × 100, (2)

where IDWS� initial dry weight of seeds and DWA3M� dry
weight after three months.

(2) Weevil Mortality. Weevil mortality was counted after the
introduction of the tincture. Te following formula was used
to calculate the percentage of weevil mortality [13]:

Weevil mortality (%) �
ND
TN

× 100, (3)

where ND� number of dead weevils and TN� total number
of weevils initially.

(a) (b)

(c) (d)

Figure 2: Traditional grain storage in the study area. Grain storage structures: gombisa with mud (a) and gumbi (b), diya (bamboo) (c), and
sack (d) [49].
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(3) F1 Progeny Emergence. Te inhibition of F1 progeny
emergence (%IR) was calculated using the following formula
[26]:

IR (%) �
Total F1 progeny in control − Total F1progeny in treatment

Total F1 progeny in control
× 100. (4)

2.6. Data Analysis. Data on the number of weevil
mortality, holed grains, and weight loss obtained
were entered into Microsoft Excel (version 2010), and all
data were transformed by the logarithmic function
Log10 (X + 1) before the analysis with one-way
ANOVA using SPSS version 25 software. Te means
were separated using Tukey’s HSD test at a 5% level of
signifcance.

3. Results

3.1. Plant Species Selection. Te key informants andmedicinal
plant practitioners identifed 19 plant species that have been
used formedicinal purposes, especially for insecticidal activities
in their locality (Table 1). Te informants ranked these plant

species according to their efectiveness and frequency of use.
Te frst four plant species that were mentioned most fre-
quently were C. macrostachyus (Hochst), C. papaya (L),
B. antidysenterica (J), and N. exaltata (L) (Table 1).

3.2. Laboratory Bioassays

3.2.1. Efect of Plant Tincture on Maize Weevil Mortality

(1) Efect of Brucea antidysenterica (J.) Tincture on Maize
Weevil Mortality. Weevil mortality at 6 and 12hours was very
low compared with other hours.Moreover, on the 24th and 48th
hours after the treatment, the weevils’ mortality declined be-
cause the weevils were acclimatized to the chemical efects of
the plants (Figure 4). Tere was high weevil mortality after

(a) (b)

(c) (d)

Figure 3: Plant leaves powder: (a) B. antidysenterica (J), (b) C. macrostachyus (Hochst), (c) N. exaltata (L), and (d) C. papaya (L).
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72hours of treatment applications. Weevil mortality increased
with an increased dosage of the tincture and exposure time
(Figure 4). During the frst week, 2.5mL, 5mL, and 7.5mL
concentrations of B. antidysenterica tincture treatment resulted
in 55%, 56%, and 60% weevil mortality, respectively. At 7.5mL
of B. antidysenterica, tincture resulted in 100%mortality by the
4th week (Figure 4(a), Table 2).

(2) Efect of Croton macrostachyus (Hochst) Tinctures on Maize
Weevil Mortality. S. zeamaismortality generally increased with
the time of exposure, especially starting from 72hours after
treatment.Temaximumweevil mortality was observed by the
end of the observation (4th week) at the 7.5mL tincture ap-
plication followed by the 5mL and 2.5mL concentrations in
decreasing order. Weevil mortality in this plant tincture was
95% at 7.5mL in the 4th week (Figure 4(b), Table 2).

(3) Efect of Nephrolepis exaltata L. Tinctures on Maize Weevil
Mortality. Te weevil mortality was observed starting at
72hours of exposure time. By the end of the observation period

(on the 4th week), the maximum weevil death was observed at
a 7.5mL concentration of N. exaltata tincture (96%), followed
by its 5mL (95.00%) and 2.5mL tincture concentration (83.3%)
in descending order (Figure 4(c), Table 2).

(4) Efect of Carica papaya L. Tinctures on Maize Weevil
Mortality. Weevil mortality increased after 72 hours of
treatment. But weevil mortality was maximum (97%) by the
end of the 4th week due to a 7.5mL concentration of
C. papaya L. leaf tincture followed by a 5mL concentration
of the same tincture which was higher than that of 2.5mL in
decreasing order (Figure 4(d), Table 2).

3.2.2. Efect of Plant Tincture on Maize Grain

(1) Weight Loss. Te mean weight loss of the seeds showed
a signifcant variation between the treatments (P< 0.05).Te
three concentrations of B. antidysenterica, C. papaya,
C. macrorostachyus, and N. exaltata tinctures resulted in the
1.88%, 3.33%, 4.77%, and 4.88% mean weight loss,
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Figure 4: Efect of the diferent concentrations of the plant extracts at diferent time intervals against S. zeamais, (a) B. antidysenterica, (b)
C. macrostachyus, (c) N. exaltata, and (d) C. papaya.

International Journal of Agronomy 7



Ta
bl

e
2:

M
ea
n
m
or
ta
lit
y
of

S.
ze
am

ai
s
at

di
fe
re
nt

ho
ur
s
of

ex
po

su
re

to
pl
an
t
ex
tr
ac
ts

un
de
r
la
bo

ra
to
ry

co
nd

iti
on

s
(t
em

p
�
27
±
3°
C
;r
el
at
iv
e
hu

m
id
ity

�
55
–7

0%
).

Pl
an
t

sp
ec
ie
s

C
on

ce
nt
ra
tio

n
(m

L)
M
ea
n
±
St
d,

m
ea
n
%

ad
ul
t
m
or
ta
lit
y

6
hr
s

12
hr
s

24
hr
s

48
hr
s

72
hr
s

1w
ee
k

2
w
ee
ks

3
w
ee
ks

4
w
ee
ks

B.
an

tid
ys
en
te
ric

a
2.
5

6.
33
±
1.
15

a
6.
33
±
1.
52

a
8.
33
±
0.
57

a
9.
66
±
0.
57

a
10
.3
3
±
0.
57

a
11
.0
0
±
0.
00

a
17
.0
0
±
1.
00

a
17
.0
0
±
2.
64

a
19
.0
0
±
1.
00

a

5
7.
00
±
1.
00

a
7.
00
±
1.
00

a
8.
66
±
0.
57

a
10
.6
6
±
0.
57

a
10
.6
6
±
0.
57

a
11
.3
3
±
0.
57

a
18
.0
0
±
1.
00

a
17
.6
6
±
0.
57

a
19
.0
0
±
0.
00

a

7.
5

8.
66
±
0.
57

a
9.
00
±
1.
00

a
9.
00
±
1.
00

a
11
.0
0
±
0.
00

b
11
.3
3
±
0.
57

a
12
.0
0
±
1.
00

a
19
.0
0
±
0.
00

a
18
.3
3
±
0.
57

a
20
.0
0
±
0.
00

a

C.
m
ac
ro
st
ac
hy
us

2.
5

6.
00
±
0.
00

a
6.
66
±
0.
57

a
7.
00
±
0.
00

a
7.
33
±
0.
57

a
8.
00
±
1.
00

a
9.
00
±
1.
00

a
15
.3
3
±
0.
57

a
16
.6
6
±
1.
15

a
17
.0
0
±
1.
00

a

5
6.
66
±
0.
57

a
7.
00
±
0.
00

a
7.
33
±
0.
57

a
8.
00
±
1.
00

a
8.
33
±
0.
57

a
10
.0
0
±
1.
00

a
17
.3
3
±
1.
15

a
17
.6
6
±
0.
57

a
18
.3
3
±
1.
15

a

7.
5

7.
66
±
0.
57

b
8.
00
±
0.
00

b
8.
66
±
0.
57

b
9.
33
±
0.
57

b
11
.0
0
±
0.
00

b
12
.0
0
±
1.
00

b
17
.6
6
±
2.
08

a
18
.3
3
±
1.
52

a
18
.3
3
±
1.
52

a

N
.e
xa
lta

ta
2.
5

7.
00
±
0.
00

a
7.
33
±
0.
57

a
7.
66
±
0.
57

a
8.
00
±
0.
00

a
8.
33
±
0.
57

a
9.
00
±
1.
00

a
14
.6
6
±
0.
57

a
16
.3
3
±
1.
15

a
17
.0
0
±
1.
00

a

5
8.
00
±
0.
00

a
7.
66
±
0.
57

a
7.
66
±
0.
57

a
8.
33
±
0.
57

b
9.
66
±
0.
57

ab
10
.0
0
±
0.
00

a
15
.3
3
±
1.
15

ab
17
.0
0
±
0.
00

a
18
.0
0
±
0.
00

a

7.
5

8.
00
±
1.
00

a
8.
33
±
0.
57

a
8.
33
±
0.
57

a
9.
00
±
0.
00

b
11
.0
0
±
1.
00

b
11
.3
3
±
1.
52

a
18
.0
0
±
1.
73

b
18
.6
6
±
1.
52

a
18
.6
6
±
1.
52

a

C.
pa
pa
ya

L
2.
5

8.
33
±
0.
57

a
8.
66
±
0.
57

a
9.
00
±
0.
00

a
10
.0
0
±
1.
00

a
10
.6
7
±
0.
57

ab
11
.3
3
±
0.
57

a
15
.6
6
±
1.
52

a
16
.0
0
±
1.
73

a
16
.6
6
±
2.
30

a

5
8.
66
±
0.
57

a
9.
00
±
0.
00

a
9.
33
±
0.
57

ab
9.
66
±
0.
57

a
10
.0
0
±
0.
00

a
10
.4
1
±
0.
79

a
17
.2
5
±
1.
48

a
17
.6
6
±
0.
65

a
18
.5
0
±
0.
67

a

7.
5

10
.0
0
±
1.
00

a
9.
33
±
0.
57

a
10
.3
3
±
0.
57

b
10
.6
6
±
0.
57

a
11
.0
0
±
0.
00

b
11
.8
3
±
1.
02

a
17
.8
3
±
1.
58

a
18
.4
1
±
1.
16

a
18
.7
5
±
1.
13

a

C
on

tr
ol

0
0.
00
±
0.
00

c
0.
00
±
0.
00

c
0.
00
0.
00

c
0.
00
±
0.
00

c
0.
00
±
0.
00
0c

0.
00
±
0.
00

c
0.
00
±
0.
00

c
0.
00
±
0.
00

c
0.
00
±
0.
00

c

Ea
ch

va
lu
e
is
th
e
m
ea
n
±
st
an
da
rd

de
vi
at
io
n.

M
ea
ns

fo
llo

w
ed

by
th
e
sa
m
e
le
tte

r
in

a
co
lu
m
n
ar
e
no

ts
ig
ni
fc
an
tly

di
fe
re
nt

(P
<
0.
05
)
fr
om

th
e
Tu

ke
y
H
SD

te
st
.

8 International Journal of Agronomy



respectively, while the control had a more mean weight loss
(8.98%). Te mean percent weight loss due to all the plant
tinctures was 3.66% (Table 3).

(2) Grain Damage. Te number of seeds with holes varied
among diferent plant tincture treatments. However, the
numbers of seeds with holes were lower on treated seeds
than on the control treatment. Te percentage of seeds with
holes varied from 0.0% at 7.5mL on B. antidysenterica to
6.65% at 2.5mL on N. exaltata and C. macrostachyus.
Terefore, B. antidysenterica had the most signifcant efect
on reducing weevil attacks on maize grains, with a mean
value of grains with holes of 0.33 per 20 maize grains. On the
other hand, C. macrostachyus and N. exaltata had the least
efect, with a mean value of 0.99 and 0.88 grains with holes
per 20 maize grains, respectively. However, the control
maize grain had a staggering percentage of seeds with holes
of just 76.66% with a mean value of 14.33 holes per 20 maize
grains. Seeds treated with the plant tinctures had signif-
cantly fewer seed holes than the control (P< 0.05) (Table 4).

3.2.3. Efect of Plant Tincture on the Emergence of F1 Progeny.
Te experimental results showed that the F1 progeny of the
S. zeamais emergency status on maize grains treated with
a tincture of B. antidysenterica at 2.5mL, 5mL, and 7.5mL
was 10.0%, 5.0%, and 0.0%, respectively, and that of
C. papaya at 2.5mL, 5mL, and 7.5mL was 6.65%, 5.0%, and
5.0%, respectively. Te highest number of F1 progeny
emerged from the control group (100.0%). Te F1 emer-
gencies on the treatments of C. macrostachyus at 2.5mL,
5mL, and 7.5mL tincture were 16.65%, 13.30%, and
11.65%, respectively, and those of N. exaltata at 2.5mL,
5mL, and 7.5mL were 6.65%, 5.0%, and 10.0%, respectively
(Table 5). Tis showed that the highest concentration of the
tincture gave the lowest F1 progeny emergence. Terefore,
the F1 progeny’s emergence signifcantly declined with an
increasing concentration of application. Te F1 emergency
of S. zeamais after the application of the tinctures was

signifcantly diferent from that in the control group
(P< 0.05).

4. Discussion

Starting from 6 to 48 hours of exposure time, the plant
tinctures were less efective onmaize weevils (S. zeamais), and
all plant tinctures had similar efects. However, after 72hours
of exposure time, the rate of weevil mortality increased. Te
mortality of S. zeamais showed a progressive increase with
treatments of B. antidysenterica, C. macrostachyus,N. exaltata,
and C. papaya tinctures as the concentration and exposure
time increased. B. antidysenterica was the most efective on
weevil mortality at diferent concentrations and time ex-
posures; this was in agreement with reports by Langsi et al.
[34] and Esther Ojebode et al. [35], who stated that the
efectiveness of diferent botanicals against adult weevil
mortality increased with exposure time.

Te maximum number of S. zeamais mortality was
recorded at a 7.5mL concentration of B. antidysenterica
(100%), followed by C. papaya (97.50%), N. exaltata
(96.05%), and C. macrostachyus (95%) tinctures in
descending order. Tis may be due to the presence of ter-
penoids and phenolics in the tinctures of B. antidysenterica
[36], C. macrostachyus [37], C. papaya [38], and N. exaltata
[39]. Adeniyi et al. [40] revealed that these plants can act as
antifeedants and growth disruptors that possess high toxicity
toward insects. Te B. antidysenterica and C. papaya tinc-
tures had the highest mortality efect within four weeks of
exposure time at 7.5mL concentrations. Similarly, other
studies indicated that B. antidysenterica is highly efective
against mosquito larvae [41]. Te aqueous tinctures of ferns
showed acaricidal and insecticidal activity depending on the
exposure time and concentration [42], and C. macrostachyus
had molluskicidal activity [41].

Te concentration afected the efectiveness of the
tincture at the same time of exposure. Te controlled grain
had the least weevil mortality due to the absence of plant
tinctures that contain secondary metabolites, which was also

Table 3: Efect of diferent plant tinctures on grain weight loss caused by S. zeamais.

Plant species Concentration (mL)
Mean dry weight± Std

(g) (after three
months)

% weight loss
(after three months)

Brucea antidysenterica
2.5 292.00± 2.00 2.66b

5 294.00± 2.00 2.00b

7.5 297.00± 1.73 1.00b

Carica papaya
2.5 285.00± 2.64 3.00c

5 289.00± 3.00 3.66c

7.5 290.00± 2.64 3.33c

Croton macrostachyus
2.5 283.00± 1.00 5.33d

5 286.00± 0.00 5.00d

7.5 287.00± 2.64 4.00d

Nephrolepis exaltata
2.5 284.00± 1.73 5.66d

5 285.00± 1.73 4.66d

7.5 288.00± 2.00 4.33d

Control 0 273.06± 0.00 8.98a

n� 36; Std� standard deviation; initial weight� 300 g; ∗mean weight loss % followed by the same letters is not signifcantly diferent (P< 0.05) from the Tukey
HSD test.
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supported by the work of Udo [33] and Esther et al. [35].Te
weevil mortality diferences may be due to the proportion of
active chemicals in each plant’s tinctures [1, 43].
C. macrostachyus and N. exaltata had little efect on weevil
mortality relative to B. antidysenterica and C. papaya
tinctures.

Te present study showed that B. antidysenterica tinc-
tures resulted in a 1.88 mean percent of weight loss, and the
highest weight loss was recorded from the controlled maize
grain (8.98%). Te weight loss recorded in untreated
(control) maize grain was more likely caused by weevil
attack and loss of moisture contents, and the least weight loss
recorded in the treated maize grain by B. antidysenterica
might be due to loss of moisture contents rather than
S. zeamais. Similar results showed that the treated grains had
fewer weight losses due to moisture loss than weevil damage
[44]. Te weight loss of controlled seeds was signifcantly
higher than that of grains treated with plant tinctures
(P< 0.05), and this result was in line with the fndings of
Ileke and Oni [45].

Te controlled grain ofered a free environment where
the weevils sufered no developmental limitations. Hence,

they had the highest feeding rate, and similar results were
reported by Cosmas et al. [44]. As maize weight loss in-
creased with increasing grain damage, the number of live
weevils also increased. Terefore, weight loss and the
amount of grain damage were directly related [44].

Hikal et al. [46] reported that botanical powder mixed
with grains efectively protected against damage by diferent
insect pests. Te reduction in grain damage could be
explained by the presence of chemical factors that can afect
the feeding habits of insects. Seeds treated with N. exaltata
tincture had a higher number of grain damage than the other
four plant tincture treatments. However, the tinctures of
B. antidysenterica and C. papaya have a high protective efect
against infestation from S. zeamaiswithmean values of grain
damage of 0.33 and 0.66 per 20 maize seeds, respectively.
After two months of the application of the treatments, the
control maize grains had 76.66% grain damage. Te per-
centage of grain damage varied between 0.0% at 7.5mL on
B. antidysenterica and 6.65% at 2.5mL on N. exaltata and
C.papaya. Terefore, B. antidysenterica had the most sig-
nifcant efect on reducing weevil attacks on maize grain. On
the other hand, C. macrostachyus and N. exaltata had the

Table 5: F1 progeny of S. zeamais on seeds treated with diferent plant tinctures.

Plant species Concentration (mL) Mean± Std (F1 progeny) % inhibition rate

B. antidysenterica
2.5 2.00± 1.00 90.00c

5 1.00± 0.00 95.00b

7.5 0.00± 0.00 100.00a

C. macrostachyus
2.5 3.33± 1.52 83.35c

5 2.66± 1.52 86.70c

7.5 2.33± 0.57 88.35c

N. exaltata
2.5 1.33± 0.57 93.35b

5 1.00± 0.00 95.00b

7.5 2.00± 1.00 90.00c

C. papaya
2.5 1.33± 0.57 93.35b

5 1.00± 0.00 95.00b

7.5 1.00± 1.00 95.00b

Control 0 20.00± 0.00 0.00d

Each value is the mean± standard deviation (Std) of three replicates. Means followed by the same letter in a column are not signifcantly diferent (P< 0.05)
from the Tukey HSD test.

Table 4: Percentage of grain damage treated with diferent plant tinctures at various concentrations.

Plant species Concentration (mL) Mean grain damage± Std % grain damage

B. antidysenterica
2.5 0.66± 0.57 3.33b

5 0.33± 0.57 1.65b

7.5 0.00± 0.00 0.00d

C. papaya
2.5 1.00± 0.00 5.00C

5 0.66± 0.57 3.33b

7.5 0.33± 0.57 1.65b

C. macrostachyus
2.5 1.33± 0.57 6.65C

5 1.00± 0.00 5.00C

7.5 0.66± 0.57 1.65b

N. exaltata
2.5 1.33± 0.57 6.65C

5 1.00± 0.00 5.00C

7.5 0.33± 0.57 3.33b

Control 0 14.33± 0.00 76.66a

Each value is the mean± standard deviation of three replicates. Means followed by the same letter in a column are not signifcantly diferent (P< 0.05).
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least efect. Maize seeds treated with any of the four plant
tinctures had less grain damage than the control. Te
amount of grain damage on the control maize seeds was
signifcantly higher than that on the treated maize seeds
(P< 0.05). Similarly, Paranagama et al. [47] reported that the
essential oil of lemongrass mixed with grains efectively
protected against damage by diferent insect pests and that
the presence of chemicals could afect the feeding habits of
insects. In addition to causing adult insect mortality, in-
secticides either completely hindered or signifcantly re-
duced progeny emergence, indicating their potential for use
in the management of the maize weevil. Tis also agrees with
the fndings of Selase and Emana [26].

Te present study showed that F1 progeny of
S. zeamais emergence status on maize grains treated with
a leaf powder tincture of B. antidysenterica at 7.5 mL was
nil. Te highest number of F1 progeny emerged from the
control group (100.0%). Te F1 values of the remaining
two plants, C. macrostachyus and N. elongata, at 7.5 mL
were 11.65% and 10%, respectively. Similarly, Chebet et al.
[48] reported that crude powders of Azadirachta indica,
Lantana camara, and Tephrosia vogelii were strong insect
repellents and caused a reduction in maize grain damage
and F1 progeny. Chowański et al. [21] reported that pure
metabolites and crude extracts obtained from Solanaceae
plants had sublethal and lethal toxicity to insect pests.
Langsi et al. [34] also tested two hydrogenated extract
compounds from Cupressus sempervirens plants against
S. zeamais in the laboratory to evaluate the contact and
fumigation efects on the mortality of adult and immature
weevils, progeny production, and grain damage. Te re-
sults showed that insecticidal efects were concentration-
dependent since mortality increased with the dosage and
exposure period. Lantana camara seed powder at a rate of
10% w/w caused adult mortality, suppressed oviposition,
and reduced F1 progeny emergence of Zabrotes sub-
fasciatus on haricot bean compared to the untreated
control [48]. Te F1 emergency of S. zeamais after the
application of ethanol tincture was signifcantly diferent
from the control group (P< 0.05), and similar results were
reported by Ileke and Oni [45].

5. Conclusions

Te results of this study demonstrated that the mean percent
mortality of S. zeamais. treated with B. antidysenterica,
C. papaya, N. exaltata and C. macrostachyus tinctures was
100%, 97.5%, 96%, and 95%, respectively, at the end of the
4th week with a 7.5mL concentration. Te treatment of the
tested botanical tincture with diferent rates and con-
centrations reduced maize grain damage and weight loss
by the maize weevil. Te weevil mortality rate was sig-
nifcantly higher in seeds treated with plant tinctures than
that in the control. However, the concentration and time of
exposure afected mortality rates. Te tested plants showed
signifcant variation in reducing maize grain weight loss
due to maize weevil attacks. Maize grain weight loss was
signifcantly lower in seeds treated with plant tinctures
than in the control. Te highest number of F1 progeny of

the insect emerged from the control seeds than from the
treated seeds, and the highest concentration of the tincture
resulted in the lowest F1 progeny emergence of the insect.
B. antidysenterica had the most signifcant efect on re-
ducing weevil attacks on maize grain. Tus, it is most
promising among plant extracts in this study for the ef-
fective management of S. zeamais. However, further re-
search is recommended on the isolation and formulation
of the active compound of B. antidysenterica. Generally,
the results of this study indicated that the natural envi-
ronment is a rich source of a wide range of plant species
with pesticidal efects.
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