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Abstract The maize weevil (Sitophilus zeamais Motschulsky) is a significant pest affecting
stored seeds and grains, leading to substantial losses in both quantity and quality. Utilizing
crushed plant powders derived from specific natural plants offers a promising alternative to syn-
thetic insecticides, which pose risks to both consumers and the environment. This study aimed
to evaluate the contact toxicity of Tridax daisy (Tridax procumbens L.) plant powder derived
from its aerial parts against S. zeamais when incorporated into jasmine brown rice, Oryza sat-
iva L., grains. Laboratory experiments were conducted at 30°C 6 5°C and 70% 6 5% relative
humidity following a completely randomized design with four replications and five treatments.
Jasmine brown rice grains were treated with different application rates of 0 (control), 20, 40, 60,
and 80 g/kg, with five pairs/replicate of 7-d-old S. zeamais. Results showed that T. procumbens
powder exhibited a contact toxicity of 93.08 g/kg of grain after 12 d, resulting in a mortality of
27.5%. Additionally, the F1 generation comprised 51 adults, indicating an 85% reduction in
adult progeny emergence. These findings demonstrate the potential of T. procumbens powder
as a natural grain protectant to control S. zeamais populations in storage.
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Stored products, such as grains and flour, are a crucial source of carbohydrates
worldwide. However, they are often susceptible to infestations by various types of
insect pests, resulting in a decrease in both quantity and quality (Boyer et al. 2012).
One significant factor contributing to these high storage losses is the presence of stor-
age insect pests such as the maize weevil, Sitophilus zeamais (Motschulsky) (Tefera
et al. 2011). This pest is a significant threat to stored maize grains in the tropics and
subtropics worldwide (Sagheer et al. 2013), showing a cosmopolitan distribution in
numerous warm and humid regions (López-Castillo et al. 2018). Infestation typically
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starts in mature crops when the grain’s moisture content has decreased to 18–20%
(Radha 2014), resulting in reduced production and compromised storage quality
(Arrahman and Saenong 2021). It can cause losses ranging from 20 to 40% during
cultivation and 30 to 90% postharvest and during storage (Odendo et al. 2001).

In addition to causing significant losses due to grain consumption, S. zeamais also
creates elevated temperature and moisture conditions that accelerate the growth of
molds, including toxigenic species (Chu et al. 2013), and the production of allergens
(Yang et al. 2020). As a result, the nutritional quality, weight, and germination rates of
seeds are reduced, which poses food safety concerns related to the transmission of
fungi and various types of bacteria. According to CAB International (2005) and Mark-
ham et al. (1994), both adult weevils and larvae feed on undamaged grains, reducing
them to powder. This results in the creation of holes in previously intact grains, render-
ing them nonviable and reducing their market value. Infested seeds with compro-
mised germs fail to germinate, further compounding the losses. The damage caused
by the feeding activities of adult weevils and the development of immature stages
within the grain are the primary impacts on the grain (Longstaff 1981).

To combat these losses, the control of this pest has heavily relied on synthetic
insecticides. However, this approach has led to environmental disturbances, increased
costs of application, pest resurgence, resistance to pesticides, and adverse effects on
nontarget organisms, including direct toxicity to users. Consequently, there is a grow-
ing urgency to develop new strategies that minimize environmental harm and reduce
the likelihood of the development of insecticide tolerance (Nayak et al. 2021). The use
of botanicals has emerged as a biorational management practice (Aboelhadid and
Youssef 2021; Babarinde et al. 2018, 2021), with studies such as Adarkwah et al.
(2017) exploring the combination of botanical powder with diatomaceous earth for con-
trol purposes. This shift has led researchers to investigate the efficacy of plant pow-
ders, extracts, and oils, offering economical and ecofriendly options for crop protection
(Damalas and Koutroubas 2020, Riyaz et al. 2022). Plant-derived substances are
gaining popularity due to their effectiveness in safeguarding agricultural commodities,
low toxicity to mammals and vertebrates, and limited persistence without adverse
effects on animals and humans (Kedia et al. 2015).

Botanical powders offer promise for wider acceptability, as their production
requires minimal technical expertise beyond drying and pulverization, making them
accessible to resource-poor farmers. Furthermore, their compatibility with other con-
trol strategies makes them suitable for integrated pest management approaches.
Despite these advantages, a significant challenge with botanical powders is their lim-
ited persistence. Their efficacy tends to diminish over time postapplication (Babarinde
et al. 2008). Therefore, there is a need to investigate botanical powders that offer both
cost effectiveness and sustained efficacy. In the selection of botanical species for pes-
ticide purposes, factors such as availability, affordability, ecological compatibility, and
ethnobotanical characteristics of the species should be carefully considered. The cho-
sen botanical species for this study, Tridax daisy (Tridax procumbens L.), is a tropical
plant species readily available locally. Its ethnobotanical characteristics suggest eco-
friendliness, making it a suitable candidate for pesticide use. Thus, this study aims to
evaluate the contact toxicity of plant powder from T. procumbens against S. zeamais,
contributing to the ongoing efforts to develop sustainable and effective pest manage-
ment strategies.
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Materials and Methods

Insect rearing. Maize kernels (Zea mays L.) were disinfected at 5°C for 1 wk
to eliminate any previously infested seeds before being used to feed S. zeamais.
Unsexed adults (150–200 individuals) were then released into 2-L plastic buckets
containing 1 kg of kernels as food material. The plastic buckets were sealed with
lids and placed in a growth chamber at 30°C 6 5°C, 70% 6 5% relative humidity
(RH), and a 12:12 h light:dark cycle at the Department of Agricultural Technology,
Faculty of Technology, Mahasarakham University, Maha Sarakham, Thailand, fol-
lowing the method described by Wanna and Kaewduangta (2022). Sitophilus zea-
mais populations were raised to increase their numbers and abundance. To
ensure uniformity of the test insects in the experiment, S. zeamais were separated
and reared again. Twenty pairs of S. zeamais were released into plastic buckets
containing 250 g of kernels and placed in a growth chamber to facilitate mating
and egg laying in the kernels for 6 d. Afterward, the adults were removed and the
eggs were allowed to hatch and develop into 7-d-old adults for further bioassays.

Plant powder. The aerial parts (stems, leaves, and flowers) of T. procumbens
were collected from the agricultural experimental field of the Department of Agri-
cultural Technology, Faculty of Technology, Mahasarakham University, Maha Sar-
akham, Thailand. They were then cleaned and dried in a hot-air oven at 30°C to
dry for 3 d. Following the method outlined by Wanna and Kaewduangta (2022),
the dried plant material was ground into a powder using an electric grinder and
sieved through a 0.5-mm sieve. The resulting plant powder was then stored in a
sealed dry bag until further use in further bioassays.

Contact toxicity and effect on newly emerged adult progeny (F1). The
experiment was designed as a completely random design with four replicates, five
treatments, and a total of 20 experimental units. A series of concentrations of plant
powder from T. procumbens had 0 (control), 20, 40, 60, and 80 g/kg grain. Plant
powder was mixed with 50 g of jasmine brown rice grains in a 250-mL glass bottle,
shaken, and thoroughly mixed by hand for 15 min. Subsequently, five pairs of adult
S. zeamais (7 d old) were released into the 250-mL glass vials containing jasmine
brown rice grains mixed with T. procumbens powder or not mixed with plant pow-
der (control). The glass bottles were covered with cheesecloth and placed in a
growth chamber maintained at 30°C 6 5°C, 70% 6 5% RH, and a 12:12 h light:
dark cycle following the method outlined by Wanna and Kaewduangta (2022). The
numbers of deaths of S. zeamais adults were recorded every 24 h at 3, 6, and
12 d after initiation of the test. After 14 d, a sieve was used to separate jasmine
brown rice grains from S. zeamais. Seeds were separated and kept in a growth
chamber until the newly emerged adult progeny (F1) of S. zeamais emerged. The
number of adult F1 progeny in each treatment was counted every 24 h until no
additional emergence of adult progeny (F1) was observed, depending on the life
cycle of S. zeamais under control treatment.

Data analysis. The mortality data recorded were adjusted for mortality in the con-
trol using Abbott’s formula when it exceeded 5% and expressed as a percentage
(Abbott 1925). Contact toxicity (50% lethal concentration [LC50] and 95% LC [LC95])
was assessed for concentration–mortality response using probit analysis (Finney
1971), expressed as g/kg grain. Mortality data were expressed as means 6 standard
error. The rate of reduction of the newly emerged adult F1 of S. zeamais or the
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inhibition rate (%IR) was calculated using the formula %IR ¼ (Cn � Tn) 3 100/Cn
(Tapondjou et al. 2002), where Cn¼ number of newly emerged adult F1 of S. zeamais
in the control treatment and Tn ¼ number of newly emerged adult F1 of S. zeamais in
the treatment that received T. procumbens powder. The significance of mean differ-
ences between treatments and the control was statistically compared using an analy-
sis of variance at P � 0.05, with means compared using the least significant difference
test through Statistix, version 9.0 (Analytical Software, Tallahassee, FL).

Results

Contact toxicity. The contact toxicity of T. procumbens powder on S. zeamais
adults was evaluated using the seed dressing method. The results showed that
after 3, 6, and 12 d of exposure, the contact toxicity values were LC50 ¼ 100.5,
94.66, and 93.08 g/kg, and LC95 ¼ 126.33, 123.97, and 123.65 g/kg grain, respec-
tively (Table 1). No mortality was observed in S. zeamais adults exposed to Khao
Dawk Mali 105 (KDML) brown rice treated with 20, 40, and 60 g/kg grain over 3, 6,
and 12 d; thus, these data could not be statistically analyzed (Table 2). However,
at a concentration of 80 g/kg grain, the mortality of S. zeamais adults was recorded
at 7.5% 6 5.00% after 3 d, increasing to 22.5% 6 5.00% after 6 d, and reaching
27.5% 6 9.57% after 12 d.

Effect on newly emerged adult F1. Using T. procumbens powder mixed with
jasmine brown rice grains for 14 d influenced the number of progeny adult emergence
of S. zeamais, with significant differences observed. The T. procumbens powder at a
rate of 80 g/kg grain yielded the least number of progeny adult emergence of S. zea-
mais, with 51.00 6 28.96 adults, which was statistically different when compared with
the rates of 60 and 40 g/kg grain (102.0 6 29.08 and 142.75 6 23.54 adults, respec-
tively). Furthermore, a significant difference was observed when comparing it with a
rate of 20 g/kg grain (218.0 6 22.68 adults). In the control (0 g/kg grain), the number
of progeny adult emergence of S. zeamais was as high as 347.75 6 40.43 adults
and was found to be significantly different when compared with all concentrations
of the plant powder tested (Table 3). Furthermore, it was determined that a plant
powder rate of 80 g/kg grain exhibited the highest inhibition rate of progeny adult
emergence of S. zeamais, with a value of 85.33%. This was followed by rates of

Table 1. Contact toxicity of Tridax procumbens powder against Sitophilus
zeamais adults.*

Time
(days) n

LC50 (50% CL)
(g/kg grain)

LC95 (95% CL)
(g/kg grain) Intercept χ2

3 200 100.50 (90.04–130.07) 126.33 (107.69–187.38) �8.39 0.61

6 200 94.66 (89.20–102.36) 123.97 (113.93–139.66) �5.31 12.38

12 200 93.08 (86.68�102.27) 123.65 (112.26�142.35) �5.0 20.50

* n ¼ 320 insects (adult S. zeamais) tested; LC50, LC95 ¼ lethal concentration (g/kg grain) that will cause
50% and 95% mortality of S. zeamais adults, respectively; CL ¼ confidence limit.
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60, 40, and 20 g/kg grain, which resulted in inhibition rates of 70.67%, 58.95%,
and 37.31%, respectively.

Discussion

The contact toxicity varied depending on the concentration of the plant powder and
the duration of exposure. Throughout Thailand’s history, plant powders have been com-
monly mixed with stored grains, offering a natural, safe, and cost-effective method to
shield grains from insect infestations. Previous experiments have primarily concentrated
on assessing the effectiveness of plant products over short periods. However, for the

Table 2. Mean (±SE) percent mortality of Sitophilus zeamais after contact
with Tridax procumbens powder in jasmine brown rice grains.

Concentration
(g/kg grain)

Mortality (%) of S. zeamais

3 d 6 d 12 d

0 (Control) 0.00 6 0.00 0.00 6 0.00 0.00 6 0.00

20 0.00 6 0.00 0.00 6 0.00 0.00 6 0.00

40 0.00 6 0.00 0.00 6 0.00 0.00 6 0.00

60 0.00 6 0.00 0.00 6 0.00 0.00 6 0.00

80 7.50 6 5.00 22.50 6 5.00 27.50 6 9.57

F test N/A* N/A N/A

* N/A ¼ not applicable.

Table 3. Mean (±SE) Sitophilus zeamais progeny emergence after exposure
to Tridax procumbens powder coated on jasmine brown rice grains.

Concentration
(g/kg grain)

Progeny adult
emergence (adults)

Progeny adult emer-
gence inhibition (%)

0 (Control) 347.75 6 40.43 a —

20 218.00 6 22.68 b 37.31

40 142.75 6 23.54 c 58.95

60 102.00 6 29.08 c 70.67

80 51.00 6 28.96 d 85.33

F test ** —

LSD 44.651 —

CV (%) 10.84 —

** ¼ significant difference at P � 0.01. Means within the column followed by the same letter are not signifi-
cantly different (least significant difference [LSD]): P . 0.05). CV ¼ coefficient of variation.
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practical application of plant materials in safeguarding stored grain products, there is a
need for additional information on the residual effects of these biorational agents over
extended periods against significant insect species (Ilboudo et al. 2010). In this study,
the application of T. procumbens plant powder resulted in a reduction in the number of
newly emerged adult F1 of S. zeamais. This decrease may be attributed to the contact
effects disrupting specific stages of embryo development. These findings agree with
studies by Tapondjou et al. (2005) and Ukeh et al. (2008), suggesting that reproductive
inhibition could occur because of the toxic impact of crushed plant powder on larvae
hatching from eggs laid on seeds, ultimately leading to a decline in offspring (F1). This
relationship is mirrored in a prior investigation by Wanna et al. (2021) on the impacts of
plant powder derived from the climbing wedelia (Wedelia trilobata [L.] A.S. Hitchcock),
a member of the same Asteraceae family as T. procumbens. At a rate of 80 g/kg
grains, the climbing wedelia plant powder reduced the F1 adult emergence of S. zea-
mais by up to 89.96%. This decline might be attributed to plant toxins entering the
insect’s body through contact with joints, legs, antennae, and other structures, ultimately
permeating the insect’s cells and tissues, leading to its demise (Guo et al. 2016). Fur-
thermore, Ramsewak et al. (1999) noted that the plant Acmella oleracea L., also from
the Asteraceae family, possesses high toxicity evident in insect stings. This heightened
toxicity could act as a deterrent to insects, inducing starvation and, ultimately, death.

Conclusion. The plant powder derived from the aerial parts of T. procumbens,
at a concentration of 80 g/kg of grain, exhibited potential for controlling newly
emerged adult F1 of S. zeamais through its contact toxicity to adult insects when
mixed with jasmine brown rice grains. However, it is necessary to conduct a com-
prehensive study on other effects, such as the residual effect or the persistence of
the effectiveness of T. procumbens powder in inhibiting the growth of the S. zea-
mais population during each storage period. This further evaluation will help deter-
mine the appropriate dosage for controlling S. zeamais in the future.
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