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ABSTRACT

Fine powders of orange peel (Citrus sinensis), scent leaf (Ocimum gratissimum), morinda leaf (Morinda lucida) and lemongrass (Cymbopogon citratus) were applied against 2-day-old
maize weevils, Sitophilus zeamais with a view to identifying
non-chemical control agent(s) of the weevils. Growth rate, antioviposition effect, repelling efficacy and mortality due to each
powder were determined. It took an average of 35.4 days for
weevils to develop from egg to adult and none of the powders
had adverse effect on growth rate. The powders repelled maize
weevils significantly, being strongest in C. citratus. However,
M. lucida did not achieve an effective antioviposition effect like
the other three plants. Percent weevil mortality was higher in
maize grains treated with C. citratus and M. lucida within the first
one week of application but the effect remained stronger in the
former beyond this period. The plant materials, especially C. citratus, showed potential for protecting maize grains against the
storage pest.
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1.Introduction
Maize, Zea mays L., is an excellent source of
carbohydrate and it ranked first in global cereal
production in 2014 (FAOSTAT, 2016). Africa
contributed 7.5% of the world total and Nigeria
with 10,790,600 tonnes ranked second in the
continent behind South Africa. Apart from serving
as food for man and animals, maize could be
processed into various industrial products such
as starch, sweeteners, beverages, oil, toothpaste,
alcohol and fuel ethanol (Abdulrahaman and
Kolawole, 2006). Field and field-to-store pests
are important factors limiting production in various
maize-growing areas of the world (Penagos et
al., 2003; Hassanali et al., 2008; Tefera et al.,
2011) with losses reaching millions of dollars
annually.

and continuous use of synthetic insecticides.
Approximately three million agricultural workers
experience pesticide poisoning each year
globally, and about 20,000 deaths are directly
linked to agrochemical use (Dinham, 2003; Darko
and Akoto, 2008). In developing countries, food
commodities often contain pesticide residues
above the maximum residue limit (Darko and
Akoto, 2008; Armah, 2011). There is, therefore, a
need for alternative control agents which are less
toxic to man and animals, and readily degradable.
Botanical pesticides are excellent alternative
candidates and plant extracts have been found
to function as ovicides, repellents, antifeedants,
fumigants and contact toxicants when applied
against target insect pests (Parugrug and
Roxas, 2008; Ogunsina et al., 2011). Several
studies have established that evolution of insect
Post-harvest losses to storage insect pests resistance to plant extracts is extremely slow,
such as the maize weevil, Sitophilus zeamais in contrast to resistance to synthetic chemicals
(Motschulsky), have been recognized as which develops rapidly (Feng and Isman, 1995;
an increasingly important problem in Africa Tangtrakulwanich and Reddy, 2014). Efficacy of
(Markham et al., 1994). Since subsistence botanical pesticides is very promising and they
grain production supports the livelihood of most have the potential of reducing production costs
people in the continent, grain loss due to the for poor tropical farmers (Amoabeng et al., 2014).
weevil is considered a threat to food security The main objective of this study was, therefore,
(Udo, 2005). Infestation commences in the to evaluate four locally available plants for
field but most damage is done during storage insecticidal activities against S. zeamais with a
(Asawalam et al., 2008; Demissie et al., 2008). view to identifying suitable non-chemical control
Adult S. zeamais usually bore into grains to lay agent(s).
eggs and after hatching, the larvae feed within
them. The feeding action and respiration within 2.Materials and Methods
the grains lead to heat and moisture build-up Insect rearing
(Arannilewa et al., 2006), presenting a condition Adult S. zeamais were reared on a susceptible
that is favourable for mould development and local maize variety in the Insect Physiology
aflatoxin production. In many tropical countries, Laboratory, Faculty of Agriculture, Obafemi
S. zeamais cause an estimated 30 to 80% weight Awolowo University, Nigeria. The maize grains
loss in storage (Agoda et al., 2011). Generally, were cleaned and kept in a deep freezer for at
damaged grains have reduced nutritional values, least a week to eliminate infesting insects, mites
low germination potential, reduced weight and or disease-causing microorganisms. They were
poor market values (Abebe et al., 2009).
later poured into clean plastic buckets and maize
weevils were introduced. The buckets with their
Synthetic chemical insecticides are used widely covers were perforated to allow ventilation. The
for controlling storage pests (Cherry et al., insects were reared for about three generations
2005; Agoda et al., 2011) but there is a global before newly-emerged adults were selected for
concern due to adverse effects associated with bioassays.
overreliance and excessive application of these
chemicals (Poletti and Omoto, 2003; Viegas- Plant materials
Júnior, 2003). Environmental hazards, resistance Orange peel (from Citrus sinensis (L.) Osbeck)
to insecticides, chemical residues in food and and fresh leaves of Ocimum gratissimum (L.),
side effects on non-target organisms are some Morinda lucida Benth. and Cymbopogon citratus
of the drawbacks associated with indiscriminate (DC.) Stapf were collected around Obafemi
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Awolowo University, Ile-Ife (7°28’ N, 4°34’ E).
The materials were air-dried in the laboratory
until crispy and ground separately using a
pulverizer. Each powder was sieved through a
0.5 mm size mesh to obtain uniform particle size.
The resulting powders were kept separately in
glass containers with screw cap and stored at
room temperature prior to use.

2012). The weevils were allowed to oviposit on
the grains for two days, after which they were
removed. Thirty randomly-selected grains per
Petri dish were examined under a dissecting
microscope 7 days after the ovipositing females
were removed. Since the eggs could not be
seen, presence of larval tunnels was used as a
basis for counting the number of deposited eggs.
A larval tunnel was equivalent to a deposited egg
Repellency test
and the total number of tunnels in selected grains
Behavioural study of maize weevils was carried per Petri dish was recorded. The examined
out using the still-air olfactometer described by grains were kept in separate glass jars till adult
Weeks et al. (2013), with a midline drawn to emergence and average development period
separate the odour and no-odour zones. Each (ADP) of S. zeamais per grain treatment was
plant powder was tested separately against determined by counting the number of days from
an empty pot and similar test was done using grain infestation to adult emergence.
Carbaryl
(1-naphthyl-N-methylcarbamate),
formulated as Vetox 85, for comparison of results. Adult mortality test
Maize weevils were exposed individually to the Maize grains were treated with each plant powder,
odour-no odour choice situation and a total of in Petri dishes, as described for anti-oviposition
80 weevils were tested per powder. Each weevil test and 20 newly-emerged maize weevils were
was introduced in the centre of the olfactometer introduced into each Petri dish. Similar assays
5 min after a test powder had been added in the with untreated and carbaryl-treated maize grains
odour pot and its response was observed for 10 were also set up for comparison of results.
min. Effect of a powder on a particular weevil Percentage adult mortality was determined at 3,
was recorded as a Yes (Y for repellence) if the 7, 14 and 24 days after weevil exposure (DAE)
weevil was found at the no-odour zone after to treated grains.
10 min and as a No (N for no attraction) for the
same weevil for not being found in the odour Statistical analysis
zone. Thus, either Y-N or N-Y decision was The percent mortality data and number of larval
recorded for each weevil in the Microsoft Excel tunnels were subjected to square root and
spreadsheet. Repelling efficacy for each powder natural log transformation, respectively before
(after 80 trials) was calculated as below;
analyses of variance (ANOVA) were carried
out. These were followed by separation of mean
values using Tukey’s Studentized Range Test
(HSD). Behavioural orientation of weevils in
the olfactometer was analysed by subjecting
Anti-oviposition test
the qualitative Y-N and N-Y data to Chi-square
In separate triplicated assays, 1.5 g of plant analysis. All analyses were carried out using
powder was mixed thoroughly with 30 g of maize SAS (2002) software version 9.00.
grains in a Petri dish followed by introduction of
20 newly-emerged but mated female weevils. 3.
Results and Discussion
Untreated maize grains served as control Behavioural response of maize weevils to
experiment while grains treated with carbaryl plant materials
served as chemical check. Maize grains without The results presented in Table 1 showed
any hole were selected for this experiment and that maize weevils were repelled by the plant
weevils were sexed by examining the rostrum materials and carbaryl. Plants contain a vast
and abdominal shape of the insects. Rostrum of array of secondary metabolites that are of crucial
male Sitophilus is rough, distinctly shorter and evolutionary importance for their biological
wider than that of the female, while the rostrum of fitness. They play defensive roles in plants
the female is smooth, shiny, distinctly longer and and also serve as fragrances or dyes (Fulda
narrower than that of the male (Ojo and Omoloye, and Efferth, 2015). A number of secondary
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Table 1. Repelling effect of selected plant materials against Sitophilus zeamais
Powder vs. blank

Chi square analysis for repel-

Repellency (%)

Citrus sinensis

lency
χ = 13.33, n = 80, P = 0.0041

76.67

Ocimum gratissimum

χ2 = 14.20, n = 80, P = 0.0013

80.05

Morinda lucida

χ2 = 13.10, n = 80, P = 0.0082

73.33

Cymbopogon citratus

χ2 = 22.13, n = 80, P = 0.0001

86.67

Carbaryl

χ2 = 25.20, n = 80, P = 0.0001

90.03

2

Table 2. Comparative effect of tested plant materials on oviposition and growth rate of Sitophilus zeamais
Powder
Citrus sinensis

Larval tunnel
0.13b

ADP (days)
35.2a

Ocimum gratissimum

0.14b

35.1a

Morinda lucida

1.04a

34.3a

Cymbopogon citratus

0.10b

36.8a

Carbaryl

0.00c

0.00b

Untreated

1.47a

35.8a

A larval tunnel is equivalent to an egg laid in a maize grain, mean values shown here are from 30 randomly-selected grains. ADP: Average Development Period (time taken by the weevil to develop from egg to adult). Values with similar alphabets within the same column are not significantly different at 0.05 level of probability.

Table 3. Percent mortality of adult maize weevils exposed to treated maize grains
Grain treatment
Citrus sinensis
Ocimum gratissimum
Morinda lucida
Cymbopogon citratus
Carbaryl
Untreated

Percent mortality at ith day after weevil exposure (DAE) to treated grains
3
7
14
24
8.33bc
5.00bc
10.00b
10.00b
100.00a
0.00c

10.00bc
5.00bc
11.67b
11.67b
100.00a
0.00c

11.67bc
8.33bc
11.67bc
13.33b
100.00a
0.00c

11.67bc
11.67bc
13.33bc
20.00b
100.00a
0.00c

Values with similar alphabets within the same column are not significantly different at 0.05 level of probability.
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metabolites e.g. alkaloids, carotenoids, essential
oils, flavonoids, hydroxycinnamates, organic
acids, phenolics, phenylpropanoids, terpenoids
and tannins in test plants (Li et al., 2006; Hakkim
et al., 2008; Avoseh et al. 2015) have fumigating
effect which is undesirable to insects. Keita et
al. (2001) suggested that the mode of action of
fumigant toxicity of plant materials against insects
might be the inhibition of acetyl cholinesterase
while Ohta et al. (2002) and Wangensteen et
al. (2003) reported that they inhibit activity of
the enzyme cytochrome P450 3A4 (CYP3A4).
Berdegué et al. (1997) reported earlier that
secondary plant metabolites act as repellents
and feeding deterrents while Berenbaum (1978)
concluded that they are toxic. It is, therefore,
natural for insects to avoid plant materials with
potent insecticidal secondary metabolites.
Powdered leaf of C. citratus (86.7%) was
the most repelling plant material in this study
followed by O. gratissimum while C. sinensis
and M. lucida (73.3%) had the least repelling
effect. The difference in repelling efficacies may
correlate with the type and strength of secondary
metabolites in plant parts used.

All maize weevils exposed to carbaryl-treated
grains died within the first three days of feeding
(Table 3). Carbaryl (a cholinesterase inhibitor)
interferes with the cholinergic nervous system and
causes death soon after ingestion by preventing
termination of neurotransmitter acetylcholine
activity (Kegley et al., 2016). Although toxic to
insects, carbaryl is relatively safe to mammals
as they are capable of metabolizing and
excreting the chemical especially in the urine as
glucuronides or sulfates (Sogorb and Vilanova,
2002; Xu, 2002). It is neither concentrated in fat
nor secreted in milk, so it is favoured for food
crops, at least in the US (Metcalf and Horowitz,
2014). The trend of weevil mortality was similar
for tested plant materials at 3 and 7 DAE,
respectively. Cymbopogon citratus and M. lucida
had comparable but significantly higher mortality
rate than C. sinensis and O. gratissimum for
each day. However, the efficacy of C. citratus
surpassed that of M. lucida at 14 DAE and this
strength was sustained at 24 DAE, making the
former the most effective plant material in the
study. None of the weevils fed on untreated maize
grains died throughout the 24-day observation
period. In an earlier study with powders of
Effect of plant materials on oviposition and Azadirachta indica (neem), C. citratus, Lantana
growth rate of maize weevils
camara (lantana), Ocimum basilicum (Basil) and
The plant materials, with the exception of M. Tagetes erecta (African marigold), Parugrug and
lucida, prevented egg laying significantly (Table Roxas (2008) recorded highest mortality in maize
2). The presence of a larval tunnel was used as weevils fed with C. citratus-treated grains. The
an indication for oviposition and this resulted from lemongrass is safe for managing storage insects
the feeding action of hatched larvae within the because it does not have mammalian toxicity.
grains. Absence of larval tunnels in grains treated
with carbaryl meant no egg was deposited. In 4.
Conclusion
addition to providing cues not conducive to This study has added to our understanding of
oviposition, all adult weevils died soon after they insecticidal efficacy of plant materials with a
were exposed to carbaryl as a result of contact promising level of repellency and considerable
toxicity. The average development period (range: anti-oviposition activity against the storage weevil
34-36 days) of adult weevils that emerged of maize. The plants screened in this study,
from treated and untreated maize grains did especially C. citratus, exhibited an encouraging
not vary significantly. This is an indication that potential and considering the benefits of using
tested plant materials did not affect growth and botanical insecticides, it would be worthwhile to
development of maize weevils within the grains carry out more studies to further determine the
possibly because insecticidal compounds in the suitability of these plants against the weevils.
plants could not penetrate grains effectively. The The efficacy of other plant parts such as root,
coleopteran spends its entire immature life within flower or whole plant against maize weevil and
the maize grain and only emerges from it as an other economic storage pests could also be
adult.
determined.
Effect of plant materials on adult weevil
mortality
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