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Abstract

Stored maize (Zea mays) is jeopardized by maize weevil Sitophilus zeamais, resulting to recorded losses
between 20% - 90%. Botanicals have emerged as promising alternatives to synthetic pesticides for the
control of maize weevil due to their bio-insecticidal properties and minimal to zero impact on humans and
the environment.

In line with this, this research was conducted to evaluate the insecticidal properties of some botanicals
(Tithonia diversifolia, Senna alata, Chromolaena odorataand Eucalyptus grandis) leaf powders on maize
weevil. Uninfested maize grains where obtain from a local market in Buea, Southwest region of Cameroon
and plant powders were obtained from ground leaves of these botanicals. In 2023, a laboratory study was
conducted using completely randomized design with three replicates to evaluate the insecticidal activity
of these botanicals with untreated control. All botanicals significantly reduced the number of F1 emerging
when compared to the control. The number of F1 was 5, 5, 7, 7 and 15 for T. diversifolia, C. odorata, E.
grandis, S. alata and control, respectively. Hatching reduction (%) followed a similar trend with 66.67%,
64.44%, 55.56% and 53.33% reported from C. odorata, T. diversifolia, E. grandis and S.alata, respectively.
Cumulative mortality of maize weevil was 30.0%, 28.33%, 25.0% from C. odorata, T. diversifolia, and E.
grandis respectively, which were statistically higher than S. alata (1.67%) and the control (1.67%). These
plant species represent eco-friendly and sustainable alternatives for maize weevil management especially
for resource-constraint farmers in developing countries in line with Sustainable Development Goals.
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1 Introduction

Maize or corn (Zea mays L.) is an important cereal crop of the world belonging to the Gramineae family
[1]. It is a third leading crop of the world after rice and wheat [2]. In many parts of the world, including
Asia, Latin America and Africa, maize serve as a staple food and cash crop [3]. It is an affordable source of
carbohydrates, protein, iron, vitamin B, minerals and dietary fiber for smallholder farmers [4].
Furthermore, maize is extensively used in several industries such as for biogas, methane and beer
production, as well as a major feed component for livestock [5, 6]. Some other products that can be gotten
from maize include cornstarch, oil, glues, corn bear and ethanol [7]. All components of the maize plant
possess economic value: the grain, leaves, stalk, tassels and cob can all be used to produce a diverse array
of food and non-food products [8]. Due to its high yield potential among the cereals, it is often referred
to as ‘queen of cereals’ globally [9]. The world production of dry maize grains is 1137 million tons globally
[5] with the United State of America (USA) contributing about 35% of the world maize production. It is
known as the mother grain of America and is the driver of US economy. In Africa, maize production was
around 75million tons in 2018, representing 7.5% of world maize production. The largest African producer
is Nigeria with over 33million tons, followed by South Africa, Egypt and Ethiopia [10]. In Cameroon maize
is one of the most important cereal crops just like in other African countries. In 2023, maize production
for Cameroon reached 2318,238 metric tons, which corresponds to 10% increase from 2022 production
levels [11].

In storage, maize faces several insect pests such as the grain borer (Prostephanus truncates (horn);
Coleoptera: Bostrichidae) and maize weevil (Sitophilus zeamais (Motschulsky); Coleoptera:
Curculionidae), which are responsible for damage to the grain, resulting into considerable economic losses
and affecting food security [12]. The maize weevil is by far the most important storage pest of maize,
which causes enormous economic damage [13]. The infestation can occur from the field to the store [5,
14]. Adult weevils lay eggs inside the grains, and the developing larvae feed within the kernels, consuming
a considerable portion of stored maize, reducing its weight and nutritional value and making it unfit for
human or animal consumption, and reducing seed viability [13, 15]. The larvae creates openings in the
kernels that allow secondary infections from various fungi, molds, and bacteria to enter the grains [16]
Some likely outcomes of secondary infections include further deterioration of grain quality, production
of mycotoxins, and increase the risk of human and animal health issues [17]. Infestation by S. zeamais can
lead to significant grain losses in storage ranging from 20% - 90%, and sometimes 100% loss in cases of
severe infestation [18, 19]. Consequently, maize weevil is direct threat to food security and contributes
to poverty especially in vulnerable tropical and subtropical regions with poor postharvest management
and inappropriate grain storage conditions [20, 21].

Farmers have resulted to different methods of controlling this insect such as the use of synthetic
insecticides which have negative effects on humans as well as the environment and non-target organisms
[22]. However, in the recent past a lot of research has been going on in order to identify indigenous,
benign and ecofriendly botanicals for managing stored maize pest such as the use of cypress leaf powder
[23] and others. In a research carried out by Chougourou et al. [24], it was realized that Chenopodium
ambrosioides and Adenia cissampeloides powders were effective in the management of Callosobruchus
maculatus on stored pulse grains. Ehisianya et al. [25] did an assessment of some plant powders and
realized that they act as protectants of stored maize grains against maize weevil Sitophilus zeamais. In



2015, Achiri and Njweng [23] reported the maize weevil were highly repelled by cypress leaf powder, even
though very limited mortality effect was recorded.

Botanicals provide a cheaper and safer alternative to synthetic insecticide and are considered safe in pest
control because they have low or none pesticide residue making them safe to the people, environment
and ecosystem [26]. Indigenous plants such as Eucalyptus grandis, Senna alata, Tithonia diversifolia and
Chromolaena odorata have been reported to have some insecticidal properties are widely distributed in
Cameroon. These indigenous plants are locally available, cheap and require only limited processing. In
fact, the anti-insect effects of seed extracts of Senna alata have been demonstrated [27]. Pujiarti and
Fentiyanti [28] reported that Eucalyptus deglupta essential oils have repellent activity against C.
quinquefasciatus mosquito. The oil extracts of Eucalyptus grandis have been proven by Toloza et al. [29]
to have pesticidal and antifeedant effects on insects. Some of the main constituents of Chromolaena
ododrata oil include sesquiterpenes and monoterpenoids, which have insecticidal and repellent activity
against Coleopteran storage pest [30, 31]. In field application, aqueous extracts of Chromolaena odorata
controlled coleopteran pest [32] and lepidopteran pest [33]. The insecticidal properties of the essential
oil and powder extracts of Siam weed have been demonstrated on coleopteran pests in the laboratory
[34, 35]. A major constituent of Tithonia diversifolia essential oil, the monoterpenoid a-pinene, B-pinene,
limonene and sesquiterpenes [35-37] have insecticidal and repellent activities against coleopteran storage
pests [38]. Sesquiterpene lactones in Tithonia diversifolia have been shown to be toxic to the coleoptera
Callosobruchus maculatus [39]. In storage applications, ground Tithonia diversifolia leaves controlled the
cowpea weevil in the studies, although the efficacy varied [40].

This study is designed to ascertain the potential plant bio-active materialsin S. alata, E. grandis. C. odorata
and T. diversifolia as powders against maize weevil since they are widely used as medicinal plant.
Furthermore, T. diversifolia and C. odorata have been used as dual-purposed plant; demonstrating both
plant protection and plant nutrition potentials [41, 42]. We hypothesize that these plant powders will
reduce the impact of maize weevils on stored maize grains, thus sustainably increasing the shelf life of
stored maize, which lends weight to the ideals of SDG1, SDG2 and SDG12.

2 Materials and Methods

2.1 Experimental Site

This study was carried out in the Entomology laboratory of the Teaching and Research Farmhouse of the
Faculty of Agriculture and Veterinary Medicine, the University of Buea.

The site is located between latitudes 4°3’ N and 4° 12’N and longitudes9° 12’E and 9°20’E. The climate is
characterized by mono-modal rainfall regime with heavy rainfall from June to October and 2,800 mm
annual average, while the dry season starts from November to early March with 28 °C annual average
(i.e., ranging between 19-30 °C monthly). The average relative humidity is 86%. Weather parameters
during the study period are presented in Fig. 1.
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Fig. 1 Weather parameters during the study period between March and July for 2023.

2.2 Maize Collection and Insect Culture

5kg of dry maize was bought from traders in the Muea market located in Buea municipality, South West
Region, Cameroon. Cracked, broken grains and other debris were sorted out from whole grains. The maize
grains were heat sterilized at 40-50 °C for 20 minutes to kill residual eggs. Sitophilus zeamais adults were
obtained from infested maize in warehouse in the same local market reared in laboratory conditions
(approximately, 12:12 photoperiods, temperature of 27 °C and humidity of 65%). The insects were stored
in sterilized maize grains for 70 days during which time three generations must have passed.

2.3 Botanical materials/powders

All identified plant materials to be investigated were collected by hand picking from the bushes in the
Buea municipality and air-dried (in order that the leaves should not lost their active volatile components)
under shade for three weeks in the Faculty of Agriculture and Veterinary Medicine Research Lab Buea.
This was to ensure that volatile active components were retained in the dried samples.

Each of the dried plant materials were ground to powder using a laboratory mortar. The powder was
sieved through a 0.5mm mesh and 250g of each, packaged in polythene zip lock bags, labeled and kept in
the refrigerator for later use. They were used as direct admixtures to the maize grains at rates calculated
on a weight of powdered material per weight of grain (wt/wt) basis that is 100g of maize and 5g of plant
powder, for germination test, mortality test, and hatching evaluation against S. zeamais.

2.4 Experimental Design

The experiment was arranged in a completely randomized design (CRD) with five treatments and three
replicates in the entomology laboratory. Five treatments were assessed: T1 - maize with Tithonia
diversifolia, T2 - maize with Senna alata, T3 - maize with Eucalyptus grandis, T4 - maize with Chromolaena
odorata, and T5 - maize only (Control). Tithonia diversifolia (Hemsl.) A. Gray 1883 was collected on the
campus of the University of Buea (4°08'53.3"N, 9°16'55.2" E). Chromolaena odorata (L.) R. M. King & H.
Rob 1970 was collected on the campus of the University of Buea (4°08'52"N, 9°16'55.2"E). Eucalyptus
grandis Hill ex Maiden 1862 was collected from Santa, North West Region of Cameroon (5°79'46.1"N,
10°16'40.2"E). Senna alata (L.) Roxburgh 1832 was collected on the campus of the University of Buea



(4°08'55.3"N, 9°16'59.9"E). All plant materials were identified by Dr. Abwe M. Ngone and voucher
specimens were deposited at the Herbarium of the Limbe Botanic Garden, South West Region of
Cameroon with their respective Identifications (Table 1).

Table 1 Details of botanicals used in the study

Treatment Family Common name State of Identification

collection
Tithonia Asteraceae Mexican Flowering Tange D. Achiri #7162 10 March
diversifolia sunflower 2023
Senna alata Fabaceae Ringwormbush Flowering Tange D. Achiri #2411 05 March

2023 with Wirdzenyuy S. Mensiy

Eucalyptus Myrtaceae Eucalyptus Fruiting Wirdzenyuy S. Mensiy #1452 23
grandis March 2023
Chromolaena Asteraceae Siam weed Flowering Tange D. Achiri #7166 10 March
odorata 2023

2.4.1 Effect of Plant Powders on F1 emergence (Adult Weevil emergence)

100g of selected maize was measured using an electronic balance and poured in 100ml glass bottles. 20
unsexed adults maize weevil were introduced into the glass bottles containing 100g of uninfected maize
grain and covered with muslin cloth to allow ventilation, and tied with rubber bands to prevent the weevils
from leaving the glass bottles. After 14 days, the adult maize weevils were removed and 5g of the different
powders were added into the bottles to observe the effect on hatching (Adult emergence). Emerging
insects were removed after 14 days and continuous removal after every 3 days for 2 weeks to prevent
mating and subsequent oviposition by the F1 progeny. Each treatment was replicated three times. The F1
percent reduction or F1 inhibition ratio (IR%) was estimated using equation 1.

Nq.— Ng
T X 100 ..ereeeeeceeeneecneenns eq.1

Where N¢is the number of weevils in the control and N is the number of weevils in the treatments.

F1 percentage reduction (%) =

2.4.2 Mortality Test

For mortality test, 100g of sterilized maize was selected and put in the 1L glass bottles and 5g of the plant
powders was added. The bottled was shaken for 5 second after which 20 adult weevils were introduced
in the glass bottles. The bottles were covered with a muslin cloth to allow ventilation and fastened with a
rubber band to prevent escape. The number of dead insects were recorded every two days for 2 weeks.
After the two weeks of setup, all insects were removed and the setup allowed standing for another two
weeks, thereafter, the maize seeds were used for seed viability test.

2.4.3 Viability test (Germination test)

Viability test was carried out to assess the effect of the plant powders on postharvest maize stored with
weevils and treated with bio-active plant powders after the mortality test. After the mortality test
assessment, 12 seeds were randomly collected from each glass vial for germination test. Plastic cups
(height = 5cm, diameter = 4cm) were filled with steam-treated topsoil to three-quarter capacity. Two
holes (diameter = 0.5cm) were made at the bottom of the plastic cups. Thirty-six plastic cups were used
per treatment (12 plastic cups for seeds from each vial). A seed was inserted 1cm deep into the soil in the



cup and irrigated with 5 mL of water. The cups were properly labelled and kept on a table in the yard in
front of the laboratory in a complete randomized design (CRD). The number of seeds that germinated per
treatment was recorded over a period of 5 days beginning from the 5" day after setup. The number of
seeds that germinated from each glass vial was express as a percentage using equation 2 below (eq. 2).

Number of seeds that germinated (%) = % X 100 e eq. 2.

Where n is the number of maize seeds (12) collected per glass vial and x; is the number of seeds that
germinated per glass vial from the ith treatment.

2.5 Data Analysis

Normality and homogeneity of variance tests were conducted using Kolmogorov-Smirnov test and
Levene’s test, respectively, prior to one-way analysis of variance (ANOVA) test for statistical significance
for F1 emergence, mortality and germination test. Means that were significantly different were separated
using the posthoc test Duncan’s Multiple Range Test (DMRT) at an alpha (a) level of 0.05. A 2-independent
sample t-test was used to assess if significant differences existed between the weevil mortality of week 1
and week 2. Correlation analysis was conducted. All statistical analyses were done using SPSS (ver. 23).

3. Results

3.1 Effect of plant bio-active powders on F1 generation emergence

The effect of plant powders on the hatching or emergence of F1 generation is shown in figure 2. There
was a significant difference (F = 19.440, df = 4,10, P < .001) in the number of F1 generation. The highest
F1 generation of maize weevils emerged from the control treatment with 15 weevils. This was followed
by S. alata treatment with 7 F1 maize weevils. The smallest number of F1 emergence occurred from C.
odorata and T. diversifolia treatments, which was 5 maize weevils each (Fig. 2).
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Fig. 2 Effect of different plant bio-active powders on F1 generation emergence of maize weevil. Mean bars
with different letter(s) are significantly different (DMRT, P < .05)



3.2 F1 Percent reduction or F1 inhibition rate

The F1 percent reduction or inhibition rate (IR) by plant powders was estimated with the control
treatment as the reference. The percent reduction by plant powders are represented in fig. 3. There was
a significant difference (F=2.990, df = 3, 8, P = .047) in the percent reduction from the different plant
powders. The highest percent reduction was recorded from C. odorata (66.67%), followed by that of T.
diversifolia (64.44%). The lowest percent reduction was observed from S. alata treatment (53.33%). The
percent reduction recorded from E grandis was 55.56% (Fig. 3).
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Fig. 3 Effect of different plant bio-active powders on F1 percent reduction of maize weevil. Mean bars
with different letter(s) are significantly different (DMRT, P < .05)

3.3 Effect of plant bio-active powders on adult mortality of maize weevil

The mortality of maize weevil as a result of plant powders shown in Table 2. The mortality of maize weevil
was recorded over two-week period. The data revealed that there was no significant difference in the
mortality between week 1 and week 2 for the control (t =-1.0, df =4, P = .423) and S. alata (t =-1.0, df =
4, P = .423) treatments. However, there was a significant difference in the mortality between week 1 and
week 2 for E grandis (t =-9.192, df = 4, P =.001), T. diversifolia (t =-6.50, df =4, P = .003) and C odorata (t
=-9.889, df =4, p=.001) (Table 2). Within week 1, there was no significant difference (F = 1.667, df = 4,10,
P =.233) in the mortality of maize weevil from different treatments. Nevertheless, for week 2, there was
a significant difference (F = 42.357, df = 4,10, P <.001) in the mortality of maize weevil by different plant
powders. In week 2, the highest mortality was observed from C odorata (26.67%), followed by that of T.
diversifolia (25.00%). The smallest mortality was observed from control and S. alata treatments at 1.67%.
The cumulative mortality (%) of maize weevil after two weeks as a result of plant powders is shown in Fig
3. Maize weevil cumulative mortality differed significantly (F = 41.556, df = 4,10, P <.001) over a period of
two weeks. The highest cumulative maize weevil mortality (30.0%) was recorded from C. odorata



treatments, followed by that of T. diversifolia (28.33%). The least cumulative maize weevil mortality was
observed from control and S. alata treatments in at 1.67% (Fig. 4).
Table 2 Effect of plant bio-active powders on adult mortality of maize weevil

Treatment

Week 2 t — statistic

Control

Senna alata
Eucalyptus grandis
Tithonia diversifolia
Chromolaena odorata

0.0 £0.0aA

0.0 £ 0.0aA
1.67 £1.8aA
3.33£2.8%9aA
3.33 £2.88aA

1.67+1.115A t=-1.0,P=.423
1.67 £ 0.83aA t=-1.0, P=.423
23.33+2.88bB t=-9.192, P=.001
25.00 + 2.36bB t=-6.50, P =.003
26.67 +2.89bB t=-9.899 P=.001
F=42.357
P<.001

Means within the same column with different lowercase letter(s) are significantly different (DMRT, P <
.05). Means within the same column with different uppercase letter(s) are significantly different (t-test, P

<.05)
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Fig. 4 Effect of different plant bio-active powders on cumulative mortality of maize weevil. Mean bars with

different letter(s) are significantly different (DMRT, P < .05)

3.4 Effect of plant bio-active powders on germination of maize grains stored with maize weevil

The effect of plant powders on germination of maize after storage is presented in fig. 5. There was a
significant difference (F = 37.70, df = 4, 10, P <.001) in the percentage germination of maize from different
treatments. The highest percentage germination (94.44%) was observed from C. odorata and T.
diversifolia treatments. This was followed by 86.11% observed from E. grandis treatment. The lowest
percentage germination was 55.56%, recorded from control treatments (Fig. 5).
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Fig. 5 Effect of different plant bio-active powders on germination of maize grains stored with maize weevil.
Mean bars with different letter(s) are significantly different (DMRT, P < .05)

3.5 Correlation analysis of some measured parameters

Pearson-product moment correlation was conducted for some parameters (F1 generation emergence,
percentage germination and cumulative mortality). There was a strong negative correlation (r = -0.800, P
<.001) between F1 generation emergence and seed germination percentage (Fig. 6). Furthermore, there
was a strong negative correlation (r = -0.670, P < .001) between cumulative mortality and F1 generation
emergence (Fig. 7). A strong and positive correlation (r = 0.887, P < .001) was also recorded between
cumulative mortality and germination percentage (Fig. 8).
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Fig. 6 Correlation analysis between F1 generation emergence and seed germination percentage



11

40
35 (]
30 °

25

20
r=-0.670, p =0.006

Cummulative mortality (%)

15
10
5 (]
0 ® ® L *—
0 2 4 6 8 10 12 14 16 18

F1 emergence

Fig. 7 Correlation analysis between F1 generation emergence and cumulative mortality
100 . .
90
80
70

r=0.887,p=<0.001
60

Seed germination (%)

50 @

40

0 5 10 15 20 25 30 35 40
Cummulative mortality (%)

Fig. 8 Correlation analysis between cumulative weevil mortality (%) and seed germination percentage

4 Discussion

Many studies have been conducted to ascertain the effectiveness of some plant bio-active material
against insect pest as sustainable alternatives of synthetic insecticides. In this study, the effect of some
plant powders were studied on some biological parameters of maize weevils. The number of F1
generation emergence varied across treatments. The number of F1 generation emergence from the
control was three times greater than that of T. diversifolia and C. odorata and twice that of E. grandis and
S.alata. This result implies that the plant bio-active material present in these plant powders hindered F1
generation emergence. To what extend this plant bio-active material hinder F1 generation was estimated
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using the percentage hatching reduction. C. odorata and T. diversifolia recorded the highest percentage
hatching reduction, at 66.67% and 64.44% respectively. This reveals that C. odorata and T. diversifolia
were more efficient in reducing hatching and F1 generation emergence. Using the effect of plant bioactive
material on hatching and F1 generation emergence is one of the methods used to evaluate the potency
of plant bio-active material against insect pests [43-45]. Akob and Ewete [43] investigated the effect of
plant powders on F1 generation emergence and reported differences among the plant powders tested
(Cupressus arizonica, Eucalyptus grandis, Ozimum gratissimum and Vetiveria zizanioides). The findings of
the current study are similar to those of Akob and Ewete [43]. F1 generation was greatly reduced (above
60%) in C. odorata and T. diversifolia. This could be due to the high secondary metabolite content in them.
T. diversifolia is reported to have high content of sesquiterpenes, diterpeniods some of which have
biological activities against insects [46]. The reduction of F1 generation may be a consequence of
increased mortality of insect’s juvenile stages such as the eggs and larvae due to ovicidal and larvicidal
nature often associated with the secondary metabolites in plant based insecticides [47, 48]. Obeng-Ofori
and Akumoah [45] have also reported high content of alkaloids and flavonoids in C. odorata these
secondary metabolites have been reported to have very high anti-insect activity.

Variations in F1 emergence from maize treated with plant bio-active materials is common and it could
indicate that plant material have different types and different concentrations of secondary metabolites
[49]. For instance, Barre and Jenber [50] reported neem seed powder was as effective as the synthetic
Malathion 5% in protecting maize grains with no F1 emergence i.e 100% F1 reduction, however, F1
emergence was reported with a reduction percent or inhibition rate of 91.0%, 50.0%, 44.0% and 33.0%
from garlic, lantana, ginger rhizome and pepper powder, respectively. The current study is on par with [5]
as they show variations in F1 emergence or F1 percent reduction (inhibition rate) from different plant
materials. The potential of plant bio-active material to reduce the production of F1 generation of maize
weevil is widely reported [23, 47, 48, 51].

Mortality of adult maize weevil as a result of the different plant bio-active material was low (< 5.0%) for
all botanicals after the first week. However, by the second week, mortality soar to or greater than 25.0%
observed from T. diversifolia and C. odorata.

The low mortality of maize weevil in week one of the experiment suggest that plant based insecticides
especially in powder form are slow to kill insects compared to their synthetic counterparts [52]. Obeng-
Ofori and Dankwah [52] reported a rapid knockdown action of synthetic insecticides, which instantly killed
maize weevils compared to botanicals that killed weeks later. For all botanical tested (Lantana camara,
Moringa oleifera, Citrus sinensis and Hyptis suaveolens), Gariba et al. [53] observed that more than 50%
of maize weevil survived more than one week after setup, unlike for Actellic 25 EC (Pirimiphos-methyl)
that all insects died within the first week.

The subsequent mortality in the second week could be as a result of the huge deposits of secondary
metabolites in the plants. Ignacio et al. [54] reported that plants with high secondary metabolites have
very low palatability or cause malaise upon ingestion by insects and could lead to death. This may explain
the high cumulative mortality observed from T. diversifolia and C. odorata. The highest cumulative
mortality observed in the current study was 30.0%. Nevertheless, higher mortalities have been observed
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from plant bioactive materials, especially those extracted in some solvents and as essential oils [45, 55].
In addition to the insecticidal properties of the botanicals due to the concentration of secondary
metabolites, it is suggested that adult mortality of maize weevil might be due to the effective adhesion of
dust particles to spiracles of pest and their death resulting from suffocation [53].

Seed germination after storage (with plant bio-active material and weevil) was assessed as a way to
ascertain the degree of damage of maize grain by maize weevil, i.e how far the plant bio-active material
could prevent maize grain damage by maize weevil. Germination was very high for T. diversifolia, C.
odorata and E. grandis exceeding the certification limit of maize seed germination at 70% [56]. This
suggest there was little insect activity on the grains stored with T. diversifolia, C. odorata and E. grandis.
The high secondary metabolite content in these plants could have prevented feeding from any larvae
hatched from any egg laid, or from the adults [54]. The findings of this study is on per with that of Ehisianya
et al. [25]. The current study shed light on the fact that the use of plant products by farmers to store their
grains does not have any negative influence on germination of the treated seeds. This remark is on par
with findings of many other researchers [23, 53, 57]. In fact, consistently, maize grains treated with
botanicals have recorded germination percentage greater than the certification limit of 70% with some
reaching 100% similar to synthetic insecticides [50, 58].

The correlation analysis revealed varied associations between the measured variables. There was a
negative correlation between F1 emergence and germination and between cumulative mortality and F1
generation emergence. This means that when F1 generation emergence was high, germination was low,
implying that the emerging F1 destroyed the maize grains, leading to low germination of the seeds. On
the other hand, there was a positive correlation between cumulative mortality and germination. This
suggest that high mortality of adults leads to few eggs laid and less maize grain damage, consequently
high germination rates. Additionally, Medugu et al. [59] reported that botanical powders weaken insects,
resulting to a decrease in the number of eggs laid vis-a-vis their usual rate.

5 Conclusion

High anti insect properties observed from T diversifolia and C odorata revealed in the current study
suggest that they could be adopted as plant protectants of maize grains against the maize weevil Sitophilus
zeamais. The plant powders did not show any negative effect on maize seed variability as germination
was very high. As a result, T diversifolia and C odorata are recommended as eco-friendly and sustainable
maize grain protectants against the maize weevil. Further research with these plants extracted in different
solvents and their shelf life are recommended.
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