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INTRODUCTION

Maize is an important source of carbohydrates in the 
tropics and constitutes a major staple (FAO, 2019), and 
a  source of raw material in industry (Makate,  2010), 
for example as a  constituent in animal rations 
(Bathla  et  al.,  2019) especially in the poultry industry 
(Huma  et  al., 2019; Scheiterle and Birner, 2018). It 

is conservatively estimated that about 25% of maize 
produced in West Africa annually is destroyed 
or damaged by diseases and pests (Mulungu and 
Ng’ombe, 2019) before reaching the consumer. In 
Ghana, maize which is grown in all 16 regions (WABS, 
2008; Danquah  et  al., 2020) accounts for about 50% of 
local cereal production (Appiah‑Twumasi  et  al.,  2020; 
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Abstract

Synthetic chemicals continue to play an important role in reducing storage losses attributable to insect pest 
activities. However, the adverse effects associated with some patented chemicals make synthetic pesticides less 
attractive and have given the drive to search for alternative methods of pest control. This study evaluated the effects 
of a  traditional gin, akpeteshie crude extracts made of four timber species, neem (Azadirachta indica), mahogany 
(Khaya senegalensis), teak (Tectona grandis) and cedrela (Cedrela odorata) on the maize weevil Sitophilus zeamais on stored 
maize grains in the laboratory. Home‑made extracts of the test tree plants at concentrations of 0.5, 1.0 and 2% were 
tested as grain protectants or as insect poisons. All tested extracts in their respective concentrations performed well 
in the reduction of live insects during maize storage as compared to a non‑extract treatment. The mode of action of 
all the extracts was generally concentration and time‑dependent. On average neem extract was the most effective 
followed by mahogany, teak, and cedrela in that order. Neem and mahogany extracts performed well in reducing 
grain damage at a concentration of 2% and at 0.5% concentration of cedrela extract respectively. All extracts reduced 
progeny emergence and acted both as a repellent or a toxicant. The extracts performed better as compared to the 
untreated control in the viability of maize seeds leading to germination, and subsequent seedling emergence. 
The relatively low weight loss of the stored grains treated with these crude extracts during the 90‑day experimental 
period at a  maximum concentration of 2% is predictive that they can be adopted as safe and alternative grain 
protectants against weevils in store. The unknown phytochemicals in these akpeteshie hardwood extracts may be 
responsible for the insecticidal properties against the weevils. For some concentrations of the extracts, germination 
was inconsistent which led to the suspicion of allelopathy.
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Darfour and Rosentrater, 2016). It is harvested and 

stored for about six months before consumption 

as human food or in feed mills (Scheiterle and 

Birner,  2018). Lobulu  (2019) identified field and 

post‑harvest losses as the most important constraints 

that limit maize production, and this has similarly been 

reiterated in Ghana by Obour et al. (2022).

The  importance of maize in both domestic and 

industrial applications suggests that conscious 

efforts must be made to reduce crop losses along 

the value chain, especially in the post‑harvest sector 

(Affognon et al., 2015). The greatest losses are incurred 

during storage and particularly occur in developing 

countries (Kumar and Kalita, 2017).

It has been reported that 40% of postharvest losses 

are due to insect and mite infestation worldwide 

(Bradford et al., 2018), which justifies the need to make 

strenuous efforts to control them (Granella et al., 2021).

Insect pests destroy stored products by either direct 

feeding or reduction in grain quality (Berge et al., 2022). 

Insect species that feed on the endosperm cause weight 

and quality loss while those that feed on the germ, result 

in low seed viability (Nwosu et al., 2015). Maize weevils 

are responsible for both field and stored maize damage 

(Abass et al., 2018; Van Duong et al., 2020). Infestations 

initiated in the standing crop continue after harvesting 

(Hamel et al., 2020).

The  maize weevil Sitophilus zeamais (Motschulsky) 

Curculionidae is a  serious pest of stored maize (Sori 

and Ayana, 2012) and can cause considerable losses 

(Ojo and Omoloye, 2012; Sabbour, 2012; Bhusal and 

Khanal, 2019). It is virtually cosmopolitan in the 

tropics (Paes et al., 2012) and occurs in the more humid 

regions of the world, especially where maize is grown 

(Van Duong et al., 2020). According to Opit et al. (2014) 

about 15% of maize grains harvested in Ghana are lost 

annually to S. zeamais and in some cases, total loss can 

occur (Gariba  et  al., 2021). The  adult weevil feeds and 

lives for up to five months (Van Duong  et  al., 2020) 

and sometimes from several months to a year in stored 

grains (Ojo and Omoloye, 2016). Van Duong et al. (2020) 

showed that the presence of Sitophilus spp. in maize 

grains led to a reduction in germination. Its destructive 

status is pronounced when maize is stored on‑farm, with 

no control of moisture content, and without chemical 

protectants (Simbarashe et al., 2013; Nwosu et al., 2015). 

There is also a health risk associated with consumption 

of weevil‑infested maize grain; as they enhance the 

growth of Aspergillus spp. (Van Duong et al., 2020) which 

contaminate maize with aflatoxin (Suleiman et al., 2013; 

Befikadu 2014; Omotayo et al., 2019).

Insect control in stored food products relies heavily 
on the use of strategies such as fumigants (Sugri, 2021) 
residual contact insecticides (Morrison III et al., 2020), 
resistant cultivars or manipulation of the storage 
atmosphere (Van Duong  et  al., 2020). Even though 
synthetic chemicals continue to play an important role 
in reducing storage losses due to insect pest activities 
insecticide resistance (Attia et al., 2020), toxic residues 
in food, environmental pollution, adverse effects on 
non‑target insects (Gajger  et  al., 2017), increased risk 
to workers safety and the high cost of some patented 
chemicals (Sawicka, 2019) makes them unattractive.

Numerous successes have been recorded in 
the protection of stored grains by using biorational 
products (Derkyi  et  al., 2010; Sintim, 2014) such as 
botanical insecticides (Rajashekar et al., 2012). Several 
authors including recently Mohammad  et  al. (2023) 
have evaluated the insecticidal effects of various plant 
parts on S. zeamais with varying degrees of success 
(Yohannes  et  al., 2014; Parwada  et  al., 2018). Most 
phytochemicals generally have low mammalian 
toxicity (Kapinova et al., 2018) or have low persistence 
(Chaudhary, 2017; Trivedi et al., 2018), contain a myriad 
of chemicals which is ideal to delay resistance, and are 
readily available (Talukder et al., 2009).

The bioactivity of allelochemicals from tropical trees 
against insects has been reported (Grzywacz et al., 2014) 
but commercial exploitation has been quite slow 
(Chaudhary, 2017). Some plant‑derived oils have also 
been used in the protection of storage grains (Sintim, 
2014; Chaubey, 2019). Other tested plant parts include 
seeds (Tilahun and Daniel, 2016) powders, and 
wood ashes (Akob and Ewete, 2007). Tree plants like 
neem (Ahmad  et  al., 2015), teak (Rahmat  et  al., 2019), 
mahogany (Baba et al., 2020) and cedrela (Okwute, 2012; 
Tilahun and Daniel, 2016; Gómez‑Tah et al., 2020) have 
also been exploited in pest management to some extent 
(Regnault‑Roger et al., 2012).

Smallholder farmers with low technical and resource 
capabilities could be introduced to technologies 
that rely on local ingredients (Obeng‑Ofori, 2007) 
to sustainably reduce grain losses. The  search for 
alternative methods of pest control remains the 
most decisive quagmires in the post‑harvest schema 
(Sawicka, 2019). In the storage environment, there is the 
need to be cautious in employing persistent insecticides 
being cognisant of residues. The use of an inexpensive 
insecticide in low‑income settings will be welcomed 
if the make‑up ingredients are readily available and 
affordable as indicated by Amoabeng et al., (2014).

Many experiments conducted on neem, mahogany, 
cedrela, and teak show that several parts of these plants 
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can be processed and applied as insecticides to control 

stored produce insect pests (Ahmad et al., 2015; Tilahun 

and Daniel, 2016; Rahmat et al., 2019; Baba et al., 2020; 

Gómez‑Tah et al., 2020). This study extends the above 

approaches by evaluating the efficacy of the hardwood 

extracts of neem, mahogany, teak, and cedrela for 

the protection of stored maize against infestation by 

Sitophilus zeamais. The  innovation here is to test the 

efficacy of bio‑alcohol, akpeteshie which is typically 

98.95% v/v (proof) ethanol as a solvent for the extraction 

of the active principles from these four timber species 

as a biopesticide.

MATERIALS AND METHODS

Source of experimental materials

Four tropical hardwoods: cedrela (Cedrela odorata) 
(P.  Browne), Meliaceae, neem (Azadirachta indica) 
(A Juss) Meliaceae, teak (Tectona grandis) (L. f) 
Lamiaceae and mahogany (Khaya senegalensis) (A  Juss) 
Desrousseaux / Meliaceae were selected for the 
experiments. Due to rural economics and farmscape 
applicability, a  homemade alcohol "akpeteshie" 
(Tulashie et al.  2017; Tagba  et  al., 2018; Cooking with 
Sindaco 2022) with a purity (proof) of 63% was purchased 
from local distillers and was used as the solvent for the 
extraction of active principles from the four timber 
species available in an area which has a  vibrant wood 
industry. Dried grains of Pannar 53 maize variety with 
a moisture content of 12.5% were used. The grains were 
sterilised in a  freezer at −12 °C for 28 days to destroy 
any incipient infestation. The  sterilised grains were 

conditioned prior to any experiment. The plant parts of 
teak, neem, and mahogany were collected from growing 
trees, whilst cedrela lumber was secured from a  sawn 

timber market.

Insect culture

The  initial stock of S. zeamais used for the experiment 
was obtained from a  commercial maize market in 
Sunyani, Ghana. Maize variety Pannar 53 whole grains 

were obtained from a  farmer’s field and were dried to 

12.5 %, frozen, and conditioned before use. About 120 
unsexed weevils were introduced into 1000 g grain 
in 1.25 L Kilner™ jars. The  containers were covered 

with nylon screen nets (1 mm) and tightly fastened 

with rubber bands or perforated jar lids, to secure the 
insects. These introduced insects for oviposition were 

sieved out after one week. The setup in three replicates 
was placed on shelves at 28 ± 2 °C, 65–70% RH, 12:12 

photoperiod and monitored daily until emergence of F1 

progenies as described by (Haines, 1991) and modified 

by Ojo and Omoloy (2016). Set‑up conditions apply to 
all subsequent indoor experiments.

Preparation of plant extracts

Heartwoods and barks in a  1:1 ratio by weight were 
cleaned of any adhering material for each plant 
specimen. It was chopped into 15–20 mm pieces 
and sun‑dried at 55 °C for 72 hours. The  dried plant 
materials were pounded into flakes using traditional 
wooden mortar and pestle and later pulverised into 
fine powder using an electric blender, OMEGA BL 390S 
OMEGO 11–2. One hundred grams of wood powder 
for a plant specimen was extracted with 700 ml of 63% 
purity akpeteshie for 48 hours in a  transparent glass 
container measuring 1250 ml. The  mixtures were 
manually agitated intermittently to help speed up the 
extraction process. These were, decanted and sieved 
using Whatman No‑2 filter paper. The containers with 
the crude extracts were left exposed on lab benches 
to evaporate the excess solvent using a  ceiling fan for 
two days at ambient conditions. The resultant slurry or 
powdery material constituted the final crude extract. 
The final crude extract was preserved in sealed bottles 
at 4 °C until used for bioassays. The  total extractable 
components recorded as percentage yield was obtained 
using the formula W2 − W1 / W0 × 100, where W2 is 
the weight of the extract and the container, W1 is the 
weight of the container alone, and W0 is the weight of 
the initial dried sample. 

Bioassay procedures
Effects of the extracts on adult weevil and 
progeny emergence

One hundred grams of freeze‑sterilised maize grains 
were treated with different concentrations each of either 
teak, mahogany, neem, or cedrela reconstituted crude 
akpeteshie extracts, (0.5, 1.0 and 2.0 g/100 ml) in 460 ml 
containers. The test solutions were stirred continuously 
until a dispersion was formed which was evenly spread 
over the surface of the grain and allowed to dry. These 
were infested with 20 newly emerged (3–10‑days‑old) 
weevils from the progenies of the initial stock and 
allowed oviposition. They were all sieved out after 
seven days and data were taken on the mortality rate. 
The set‑up which was in three replicates was monitored 
for 60 days for the F1 progeny emergence. The number 
of adults that emerged during the 60‑day period was 
counted daily and sieved out. The grains were weighed 
at 30, 60, and 90 days to determine the weight loss of 
the grains in storage. The weight differences over time 
were recorded as the monthly weight loss of grains. 
The  control setup was treated with only the solvent, 
akpeteshie. Another set‑up without insects or solvent 
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or extract was made to make up for corrections in 
moisture loss due to the natural dryness of the default 
grain. In all toxicity experiments where mortalities 
were  ≥5%, the controls were used as a  correction for 
natural mortalities using Abbott (1925).

Toxicity by topical application

Newly emerged (3–10‑day‑old) adult weevils of mixed 
sexes were first transferred into Petri dishes lined with 
moist filter paper and the insects were chilled for two 
minutes to immobilise them to enable topical treatment 
to be carried out. The immobilised insects were sprayed 
to mild wetness with different concentrations of teak, 
cedrela, neem or mahogany extracts (0.5, 1.0, and 
2.0 g / 00 ml), separately. The control insects were treated 
with only the solvent and maintained at 28 ± 2 ºC, 
65 – 75 RH. Twenty insects each treated with the various 
extracts were placed in separate dishes lined with filter 
paper and provided with maize grains as described by 
Obeng‑Ofori and Reichmuth (1997). The  insects were 
examined at 12‑hour intervals for two continuous days 
and those that did not move or respond to a  punch 
from a  pin were considered dead. There were three 
replications for each treatment and the control.

Contact toxicity by the residual effect

Three 1‑ml vials for each extract concentration or 
control were used. The  three concentrations, 0.5, 
1.0, and 2.0 g/100 ml solvent were dispensed into 
the vials and allowed to air dry. Ten newly emerged 
weevils (3–10‑day‑old) were introduced into each vial. 
The  insects were examined at 12 hours intervals for 
24 hours. All environmental conditions were the same 
as in previous bioassays.

Repellent effect of surfaces treated with plant 
extracts

Concentrations (0.5, 1.0, and 2.0 g/100 ml w/v) of the 
plant extracts to solvent were applied to half filter paper 
disc of diameter 7.5 cm. The  other half was treated 
with solvent, akpeteshie only. The  extract‑treated 
filter papers were air‑dried to evaporate the solvent 
after which the two halves were joined together with 
a  masking tape and placed in Petri dishes. Twenty 
adult weevils which were immobilised at 4 ºC for 
two minutes were put in 5‑ml caps and then placed 
in the middle of the joined filter papers and covered 
as described by Ahmad  et  al. (2022). The  numbers of 
insects present in either the control or treated section 
was recorded after 1, 2, 6, 12, and 18 hours. There were 
three replications for each treatment. The  percentage 
repellency (PR) was determined using the formula 
adopted by Liu  et  al. (2012) and Kadir  et  al. (2014) as 

PR = {(Nc − Nt) / No)} × 100 %. Where Nc: represents 
the number of insects in control, Nt: number of insects 
on the extract, No = Nc + Nt. Where No represents 
the number of insects introduced which was 20. All 
negative PR were treated as zero, an indication that the 
extract was an attractant.

Grain damage

The  protection of grains offered by the test extracts 
against weevil feeding or damage was assessed. Fifty 
maize kernels were randomly selected from a  bulk of 
treated grains at the highest concentration (2%) of each 
extract for this study. The  number of seeds damaged 
by the weevil in each sample was counted. Seeds 
with typical weevil emergence holes were considered 
damaged.

Germination test in Petri dish

Filter paper in Petri dishes was moistened with distilled 
water enough to enhance imbibition. Ten treated seeds 
for each extract and the same number of untreated 
maize seeds as control treatment were randomly 
selected. The maize seeds were placed on the moistened 
filter paper in Petri dishes. This was covered and 
placed on laboratory benches. Germinated seeds were 
counted after five days and were recorded. Percentage 
germination was calculated using the relation 
(Akinbuluma, 2020):

Percent germination
Number of seeds germinated

Total number
�

  of seeds moistened
�100

Seedling emergence using soil media

The viability of treated and untreated seeds was tested 
after exposing treated seeds to weevils for three 
months. Ten undamaged grains were selected from 
each treatment and sowed in nursery bags filled with 
soil. They were left on a  laboratory bench exposed to 
sunlight for 5–10 days. There were three replicates per 
treatment. Emerged seedlings were counted during the 
5–10 days after sowing and the percentage of seedling 
emergence was calculated using the relation:

Percent emergence
Number of seeds that emerged
Total number

�
  of seeds sowed

�100

Statistical analyses

Data analyses were conducted using GENSTAT 
procedures and graphs were plotted using 
a  spreadsheet. Data from three replications were used 
in these analyses. Significant differences are reported 
at 0.05 level using the Least Significant Difference 
test GENSTAT® (2012). Data for non‑significant 
comparisons are represented in chats as ± standard 
error of the mean (SEM).
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RESULTS

Yield of plant extracts

Figure 1 shows the percentage yield of the akpeteshie 

bio‑alcohol (63% purity) extracts of teak, neem, 

mahogany, and cedrela. The  yields obtained were 

between 5.8% and 13.3%. Cedrela gave the highest yield 

(13.3%) while teak was the least (5.8%). Neem yield was 

6.9% and mahogany was 12.7%.

One hundred grams of wood powder consisting 

of equal weights of barks and heartwood for a  plant 

material was extracted with 700 ml of 63% alcohol 

(akpeteshie) and evaporated to dryness. Error bars in all 

extracts represent SEM.

Moisture loss in grains coated with extracts

The  initial moisture content for all grains used for all 

experiments was 12.5%, which was ideal to maintain 

the viability of seeds in store. Results obtained with the 

experiment to determine moisture changes in grains 

coated with plant extracts indicated that the maximum 

moisture loss by the 90th day was 10.4% of the initial 

weight. Generally, mahogany extracts had the highest 

moisture losses among the test plants. Mahogany extract 
at 0.5% led to a moisture loss of 10.4% (Figure 2d) after 
90 days. The default grain treatment had lower weight 
losses (maximum 0.7) than the extract‑coated grains for 
all concentrations at each inspection period (Figure 2). 
In all extract treatments weight loss was least for the 2% 
concentration at each storage period (maximum 5.4% 
for teak at 90 days). For the plant extract treatments, 
weight loss increased with decreasing concentration. 
The grains that were treated with only solvent had their 
highest weight loss of 6.2% at 90 days.

Effects of extracts on adult weevil and progeny 
emergence

For all treatments and extracts, weevil emergence 
started 36 days after oviposition initiation (Figure 3). 
At day 60, there was no further weevil emergence in 
the treatments where 2% neem/teak extracts were 
used as oviposition deterrents. In all three tested 
concentrations of either neem or teak, the total number 
of emerged adult weevils was less than three individuals 
(Figure 3a & b). Grains treated with 2% concentration 
of cedrela, or mahogany extracts had a  cumulative 
of  8 or 6 weevils, respectively, emerging at 60 days after 

Figure 1. Yield of akpeteshie bio-alcohol (63% purity) extracts of four lumber species 
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Figure  1.  Yield of akpeteshie bio-alcohol (63% purity) extracts of four lumber species
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the first oviposition. However, unlike the neem and 

teak treatments where weevil emergence terminated 

for all concentrations, in the case of mahogany and 

cedrela, concentration below 2% offered only limited 

protection similar to the untreated grains. There was 

continuous weevil emergence in the 0.5% and 1% 

treatments for cedrela and mahogany on the 60th day 

after oviposition initiation (Figure 3c & d). when the 

experiment was terminated

In this experiment and subsequent ones that 

recorded adult mortality, none of the control 

treatments had a mortality ≥ 5 %, hence no correction 

for intrinsic or natural mortality was made.

Figure 3. The effect of akpeteshie bio-alcohol (63% purity) plant extracts on cumulative 
progeny emergence 
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Toxicity by topical application

For all plant extracts tested, mortality due to 
contact toxicity by topical application was 
concentration‑dependent (Figure 4). Teak extracts were 
the most potent in causing adult mortality. The 2% teak 
extract caused 63% at 48 hours when the experiment was 
terminated. Mahogany was the least effective at 2% with 
25% mortality at 48 hours. The  concentration at 0.5% 
had low mortalities for all plant extracts. The  highest 
mortality for any extract at 0.5% concentration was 10% 
which was recorded from the neem treatment 36 hours 
after application. 

Contact toxicity by the residual effect

Teak and cedrela extracts had the best residual effect 
of 100% mortality at 12 hours for the 2 % concentration 
(Figure 5). Neem had 86.6% mortality and mahogany had 
the least mortality (69.1%) from the 2% concentration 
at 12 hours. There were no weevil mortalities in the 
control treatment where solvent only was applied on 
the vial surfaces and exposed to the weevils. Teak and 
cedrela‑treated surfaces were still potent at 24  hours 
but for neem and mahogany, weevil mortality at 
24  hours after treatment had a  maximum of 48.5%. In 
all tested extracts, toxicity was time‑dependent except 

Time (hours) 
Figure 4. Toxicity by topical application on weevils with akpeteshie bio-alcohol (63% 
purity) plant extracts 
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alcohol (63 % purity) plant extracts. Error bars in all extracts represent SEM. Mortality was 
corrected using Abbott (1925).  

Repellent effect of surfaces treated with plant extracts 

Time (hours) 
Figure 6. Repellent effect of vial surfaces treated with akpeteshie bio-alcohol (63% purity) 
plant extracts 

0

20

40

60

80

100

12 hours 24 hours

%
 m

or
ta

lit
y

c) neem

0

20

40

60

80

100

12 hours 24 hours

d) mahogany 0.5%
1%
2%

0

20

40

60

80

100

120

1 2 6 12 18

%
 R

ep
el

le
nc

y

a) teak

0.5%
1%
2%

0

20

40

60

80

100

120

1 2 6 12 18

b) cedrela

0

20

40

60

80

100

120

1 2 6 12 18

c) neem

0

20

40

60

80

100

120

1 2 6 12 18

d) mahogany

Figure  5.  Contact toxicity on weevils by residual effect of vials treated with akpeteshie bio-alcohol (63 % purity) plant extracts. 
Error bars in all extracts represent SEM.

Figure 5. Contact toxicity on weevils by residual effect of vials treated with akpeteshie bio-
alcohol (63 % purity) plant extracts. Error bars in all extracts represent SEM. Mortality was 
corrected using Abbott (1925).  

Repellent effect of surfaces treated with plant extracts 

Time (hours) 
Figure 6. Repellent effect of vial surfaces treated with akpeteshie bio-alcohol (63% purity) 
plant extracts 

0

20

40

60

80

100

12 hours 24 hours

%
 m

or
ta

lit
y

c) neem

0

20

40

60

80

100

12 hours 24 hours

d) mahogany 0.5%
1%
2%

0

20

40

60

80

100

120

1 2 6 12 18

%
 R

ep
el

le
nc

y

a) teak

0.5%
1%
2%

0

20

40

60

80

100

120

1 2 6 12 18

b) cedrela

0

20

40

60

80

100

120

1 2 6 12 18

c) neem

0

20

40

60

80

100

120

1 2 6 12 18

d) mahogany

Figure  6.  Repellent effect of vial surfaces treated with akpeteshie bio-alcohol (63% purity) plant extracts
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for mahogany at 2% concentration where mortality at 

12 hours (69.1%) was higher than at 24 hours (24.7%).

Repellent effect of surfaces treated with plant 
extracts

The location of insects between the treated and solvent 

halves of the filter paper was the measure of repellence. 

All the extracts showed some level of repellence by the 

18th hour. Generally, teak and followed by cedrela had 

the most consistent repellence with time (Figure 6). 

The repellent effects of neem and mahogany were less 

consistent with time. Neem and mahogany repellence 

effects for some concentrations were 100% at a  stage 

but subsequently reduced with time to as low as 63% 

in the case of neem for example. All the tested teak 

concentrations (0.5%, 1%, and 2%) had repellence effects 

of at least 90% at 18 hours after exposure of the weevils 

towards the extract‑treated half of the filter paper or the 

solvent‑treated half.

Grain damage

Grains treated with extracts were better protected 
than control which was treated with only solvent 
(Figure 7). The  percentage of grains with damage was 
concentration‑dependent for all the extracts. That is, 
for each plant extract, the 2% treatment gave the best 
protection. Neem was the best among the four plant 
extracts in protecting grains against weevil damage. 
The 0.5% neem extract led to 8 % grain damage whilst the 
solvent control had 31% of the gains with damage holes 
or scars. Of the four plant extracts mahogany gave the 
least protection to grains against weevil damage. Within 
the mahogany concentration, the 0.5% concentration 
significantly (p < 0.05) increased the percentage of grain 
damage than the others (1% and 2%).

Germination test in Petri dish

Whole grains treated with plant extract at 2% had 
no inhibited germination in Petri dishes and led to 

Figure 7. Grains with weevil exit holes/scars on treatment with akpeteshie bio-alcohol (63% 
purity) plant extracts. Error bars in all extracts represent SEM. Different letters within the 
mahogany extracts denote statistically significant differences among the concentrations at p < 
0.05.  
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a  high percentage of seed viability (93%). The  higher 
percentage of seed germination recorded at 2% extract 
level, was comparable to the control. The solvent‑only 
treated grains had a  higher (100%) germination which 
was however not significantly different (p ≤ 0.05) from 
the extracts at 2% application. The lower plant extract 
concentrations of 1% or 0.5% however reduced seed 
germination to as low as 63% (Figure 8).

Seedling emergence using soil media

In simulated field conditions, seeds treated with various 
extract concentrations led to a  maximum of 90% 
seedling emergence after 10 days. Mahogany‑treated 
seeds (2%) had a  seedling emergence of 90%, teak and 
cedrela had 86% and the least was neem 83% (Figure 9). 
The  control had 70% seedling emergence for seeds 
treated with the solvent. Mahogany somehow at the 
least extract concentration (0.5%) gave the least seedling 
emergence (47%). Neem extract concentrations were 
inconsistent although they were generally effective with 
a potency sequence of 2% ≥ 0.5% > 1% (Figure 9).

DISCUSSION

Yield of plant extracts

Solvents usually considered in the extraction of 
plant preparations include polar solvents (e.g., 
water, alcohols), intermediate polar, such as acetone, 
dichloromethane, and the nonpolar, n‑hexane, ether, or 
chloroform all at the best purity available. In commercial 
preparations, the plant material could be macerated, 
digested, or decocted before one or a  combination 
of Soxhlet, superficial, ultrasound‑assisted, or 
microwave‑assisted extractions. These processes have 
been explained in Sasidharan  et  al. (2011). The  yield 
from plant extracts is reported to be dependent on 

the polarity of the solvent(s) used (Nawaz et al., 2020), 

the intrinsic properties of the plant material, and 

the extraction technique (Mahdi‑Pour  et  al., 2012; 

Dhanani  et  al., 2017). Other considerations could 

be the boiling point that will make the extract easy 

to evaporate after the extraction process, pH, or 

temperature. In an experiment by Truong et al. (2019) 

methanol was reported to be the most effective solvent 

for the extraction of active principles from an evergreen 

citrus plant, which resulted in an extraction yield of 

33.2%. The  selected solvent used in this experiment 

which was home‑made ethanol was informed solely on 

its availability, intended use of the final product, and 

economic considerations of the targeted beneficiaries. 

The total extractable components obtained, 5.8 – 13.3%, 

were comparable to those of other commercial 

solvents as reported by Iloki‑Assanga  et  al. (2015), 

Nawaz et al. (2020) or Gonfa et al. (2020).

Moisture loss in grains coated with extracts

Seed moisture content is a  factor that contributes to 

the viability of seed grains in terms of germination 

and seedling vigour (Siddique and Wright, 2003). Most 

often, an optimum moisture content is needed for 

grain storage, however, there exist a range of moisture 

content beyond which seed viability is lost. These 

experiments, similar to Gallo  et  al. (2015) investigated 

the hygroscopic consequences of applying the extracts 

or solvent on grain seeds in storage. In all, the maximum 

loss of moisture with these extracts/solvent treatments 

does not raise concerns in terms of opening up the 

grains to ambient moisture movements. These were 

necessary to be clarified since wood is known to have 

high hygroscopic properties (Skulberg et al., 2022).

days after sowing 
Figure 9: Seedling emergence of maize grains treated with akpeteshie bio-alcohol (63% 
purity) plant extracts 
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Figure  9.  Seedling emergence of maize grains treated with akpeteshie bio-alcohol (63% purity) plant extracts
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Effects of the extracts on adult weevil and 
progeny emergence

Grain treatment against insect pests acts by either 

repelling adults, preventing oviposition and 

subsequent juvenile development (Ayalew, 2020) hence 

control measures target these life cycle activities of the 

insect pest. The best control options in the store aim to 

repel the adult or prevent oviposition in order to avoid 

frass or insect cadavers in food. Once the repellence 

barrier is broken, through successful oviposition, the 

next barrier is the ability for the egg to hatch. This is an 

indirect measure of the ovicidal effect of the extracts. 

In these experiments, the ovicidal effect was measured 

through the relative number of larvae that succeeded 

and emerged as adults. Many authors have tested the 

ovicidal effects of plant materials and their results 

were encouraging. For example, Govindarajan  et  al. 

(2011) showed that the repellent activity of botanical 

extracts against mosquitoes was dose‑dependent and 

Reegan  et  al. (2015) reported on hexane extracts that 

showed 100% oviposition deterrent activity against 

adult female mosquitoes. Valizadeh  et  al. (2021) also 

gave an indication of the ovicidal activity of essential 

oils. Ayalew (2020) also concluded that botanical 

powders and oils were recommended for the protection 

of stored maize from infestation from weevils.

Toxicity by topical application

Topical application of insecticides can be recommended 

for infested grains in store although it is a  difficult 

procedure when the grain is bulky. Targeting the insects 

during the application process requires a  wider space 

to expose the insects. Topical application of botanical 

insecticides in store has been described by Gariba et al. 

(2021) who used strictly controlled procedures for 

dose applied specifically at the notum with success. 

Our experiment used the real‑life blanket application 

procedure of spraying to target the cuticle of the insect. 

In an experiment by Asogwa and Osisanya (2003), 

they compared Cedrela odorata extracts at an extremely 

low concentration of 8000 ppm to a  commonly used 

stored produce synthetic insecticide and concluded 

that the botanical extract through topical application 

caused low adult mortality of only 36%. With 20% v/v 

of essential oil through a  topical application on S. 

zeamais, Ekeh  et  al. (2018) concluded that there was 

high mortality, and effectiveness was dependent on 

dosage and also exposure period which was similar to 

the results obtained for the plant extracts tested in this 

experiment.

Contact toxicity by the residual effect

Contact toxicity from residual insecticides is 
a  well‑known strategy used in stored product 
protection. The  objective is to keep a  potent toxicant 
residue on the holding surface or on the plant material 
during the storage period. The  first report on the 
successful activity of the insecticide Spinosad for 
example on stored‑product beetles employed contact 
toxicity (Toews and Subramanyam, 2003), who used 
Petri dishes spiked with the toxicant before introducing 
the different stages of three beetle species separately 
to death over time. In experiments by Bett et al. (2017) 
using a low concentration of 0.2% v/w oils as potential 
residual contact toxicants, they employed a  strategy 
where the treated grains or surfaces were held for up 
to 120 days before introducing the insects. In this 
experiment, the adult insects were introduced on day 
one of the test surface treatment and monitored over 
time. Holding grains for 120 days before introducing 
the insects should be ideal for a  situation where one 
could control the time of arrival of the insects after 
treatment in real life. For example, if grains are kept in 
hermetic or chilled environments before exposure to 
ambient conditions then the strategy of Bett et al. (2017) 
will be applicable. In this experiment, the endpoint was 
a live adult insect perhaps due to the high toxicities of 
some of the extracts. However, in other experiments 
by Guru‑Pirasanna‑Pandi et al. (2018) long‑term effects 
of contact toxicity for F1/F2 populations which they 
termed transgenerational effect were monitored and 
decreased even for a  high 4% extract concentration 
treatment.

Repellent effect of surfaces treated with plant 
extracts

Repellence effects in insect control has been 
linked more often to olfaction from fumigants 
(DeGennaro, 2015). However, solid and liquid toxicants 
after application also volatilizes and give repellent 
effects. Although Deletre  et  al. (2016) indicated that 
there were different repellent phenomena, such as 
expellency, irritancy, deterrency, odour masking, 
and visual masking, it is difficult to quantify these 
phenomena individually since they were all related to 
behavioural mechanisms. The  chequered repellence 
trend in the neem and mahogany treatments could 
be due to the exhibition of one or several of the 
phenomena described by Deletre et al. (2016) over time. 
Semiochemicals function as attractants or repellents. 
Insects tend to learn before adopting even preferred 
volatiles, hence initial responses are often irregular. 
Volatile oils identified from ethanolic extracts of 
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cedrela stem bark (Akinbuluma, 2020) at 1.0% (v/v) 
had mortality, oviposition deterrence, and repellence 
effects on weevils and could subsequently influence 
seed germination. Most plants have volatiles which 
could be attractants or repellents. Mahogany for 
example has been reported to possess several volatiles 
(Baba et al., 2020) some of which serve as olfactory cues 
that attract insect pests to the tree. The  insecticidal 
and repellent potential of neem have also been 
evaluated on weevils and were reported to be effective 
(Perera et al., 2018).

Grain damage

Insects that feed on grains either select a  section or 
consume the whole grain. The larva of the maize weevil, 
the destructive stage lives inside the grain and exits when 
it reaches the adult stage. Damage to grains infested with 
the maize weevil leaves the kernel hollow, sometimes 
with only the testa remaining with quantitative or 
physical weight loss (Stathers  et  al.,  2020). Efforts to 
use extracts in preventing grain damage meant, the 
initial stage of oviposition and larva entry into the 
kernel after hatching must be curtailed. Once the larva 
enters the grain, it becomes difficult to control since 
the extracts are not normally systemic and stay in the 
outer shell of the grain. The findings of Parwada et  al. 
(2018) and Gariba  et  al. (2021) are similar to these 
results in that generally botanicals decrease the extent 
of weevil damage if the concentration is increased. 
However, it will be preferred if the amount of extract 
on the grain for protection could be minimal to avoid 
tainting and colouring of grains that are for human 
consumption (Abass et al., 2014). It is well known that 
neem products protect grains from damage (Kemabonta 
and Falodu,  2013; Gariba  et  al., 2021). However, the 
source of the neem material, be it leaf, bark, root, or 
seed determines variations in potency. Another source 
of variation in the potency of extracts is the solvent 
used and the rate of application. These experiments 
are unique in the sense that homemade ethanol which 
is available to resource‑limited farmers was used as the 
solvent.

Germination test in Petri dish

The  use of plant products including extracts, soots 
and ashes as seed dressing is an ancient practice 
(Nelson  et  al., 2012). The  objective of these seed 
dressings has been to protect the seed from pests 
including insects but also to analyse its allelopathic 
effects on seed germination (Bargmann  et  al., 2014; 
Khasabulli et al., 2018). There have been concerns that 
several plant products used as seed dressings have 
exhibited allelopathic characteristics and interfered 

with germination (Laizer et al., 2021; Zhao et al., 2022). 
Some schools of thought have indicated that the 
reduction in seed viability from seed dressings could 
also be a  physical attribute (Xiao  et  al., 2019) since 
some compounds could increase the porosity of the 
seed testa and reduce viability over time (Macêdo et al., 
2020; Bai et al., 2020). Results obtained from these plant 
extracts indicated that all the extracts were as good 
as the control for the 2% application rate as they gave 
comparative seed germination. The high concentration 
showed no deleterious effects on viability, unlike 
the lower doses which exhibited the rare occurrence 
of allelopathy as indicated by Soltys (2013). These 
results are however in contrast to that reported by 
Zhao  et  al.  (2022) where in their report, the higher 
concentrations of sesame extracts rather exhibited 
higher allelopathy likewise a promotional germination 
reported by Wang et al. (2018) when they used aqueous 
extracts from four shrubs. In other reported allelopathic 
situations which contrasts with our results, low 
maize leaf aqueous extracts (0.5% and 1%) stimulated 
germination but became an inhibitor as concentration 
increased (Peng, 2018). The most plausible explanation 
for a  compound that inhibits germination only at low 
concentrations and below a control treatment could be 
allelopathy.

Seedling emergence using soil media

The ability of seeds to germinate and emerge is a critical 
component of crop yield as it dictates plant population 
density and are considered the most vulnerable phases 
of a  plant’s phenology (Lamichhane  et  al., 2019; 
Möhler, 2021). In experiments with interventions 
that could impinge on germination and seedling 
survival, it becomes imperative to validate the 
applicability of such innovations on a  farmscape 
(farmscape has been defined as the composition, 
structure, and diversity of land covers within a  farm 
https://doi.org/10.1016/j.agee.2010.07.004) scenario 
as suggested by Li et al.  (2017), Margreiter et al. (2020) 
and Shinohara et al. (2021). Seeds could germinate and 
emerge from moistened filter paper, but this needs to 
be confirmed using soil media to expose the seeds to 
the normal uncertainties expected on the farm. These 
efforts align with Powell (2022) who indicated that the 
substrate for germination and seedling emergence 
was a factor worth considering. The viability of treated 
seeds on soil media was tested after exposing the 
treated grains to weevils. The  results obtained for this 
experiment on seedling emergence and growth were 
concentration dependent similar to that reported by 
Lidório et al. (2020). This implied that the concentrated 
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extracts gave some protection to the intact seeds against 

weevil damage.

CONCLUSION

Storage of maize without reductions in both quality 

and quantity is a  critically important aspect of food 

security especially in developing countries. There 

is renewed enthusiasm towards the paradigm of 

sustainability which calls for the use of renewable 

products in a sustainable manner. Several bioresources 

have been screened for bioactivity against pests of 

agricultural products, however, most of these products 

do not advance beyond laboratory successes due to 

cost or non‑applicability. Our experiments have shown 

that the locally distilled solvent used was effective, 

reproducible, and easily available in rural settings where 

resource‑limited farmers need. The  innovation could 

also support the ecological approach to insect control 

in stored produce as it takes care of the environment, 

the safety of the farmer, and the final consumer as it is 

devoid of chemical residues and subsequently as a food 

security measure. Although the production of local 

ethanol is widespread, the composition of the initial 

raw materials is location specific. These results could 

be adopted in indigenous pest management strategies 

for stored produce after the economic feasibility and 

acceptance have been determined on a  farmer scale 

level. We, therefore, recommend the use of homemade 

solvents to sustainably extract botanical insecticides 

as a  cost‑saving mechanism and on an economic 

case‑by‑case basis in integrated insect management 

programs.
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