E proceedings

‘MDP1

Proceedings

Efficacy of Botanical Extracts Against Storage Insect Pests Tri-
bolium confusum (confused flour beetle) and Sitophilus oryzae

(Rice Weevil) *

B.G.B. Hemantha Piris !, Kandiah Pakeerathan 2* and Sairam Sayanthan !

Citation: Hemantha Piris, B.G.B.; Sa-
yanthan, S.; Pakeerathan, K. Efficacy
of Botanical Extracts Against Storage
Insect Pests Tri-bolium confusum
(confused flour beetle) and Sitophilus
oryzae (Rice Weevil), in Proceedings
of the 1st International Electronic
Conference on Entomology, 1-15
July 2021, MDPI: Basel, Switzerland,
doi:10.3390/TECE-10529

Published: 1 July 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2021 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(http://creativecommons.org/licenses

/by/4.0/).

license

1 Department of Biosystem Technology, Faculty of Technology, University of Jaffna, Ariviyal Nagar, 44000,
Kilinochchi, Sri Lanka

2 Department of Agricultural Biology, Faculty of Agriculture, University of Jaffna, Ariviyal Nagar, 44000,
Kilinochchi, Sri Lanka

* Correspondence: pakeerathank@univ.jfn.ac.lk; Tel.: +94-776969511

t Presented at the 1st International Electronic Conference on Entomology (IECE 2021), 1-15 July 2021;
Available online: https://iece.sciforum.net/.

Abstract: Storage insect pests are inflicting severe economic loss leading to food insecurity and hun-
ger. Research evidence suggests that synthetic chemicals are toxic to humans and are creating dele-
terious impacts on biodiversity. Therefore, this study evaluated natural plant extracts as alternatives
to synthetic insecticides in controlling storage insect pests in an eco-friendly manner. Fresh and dry
leaves, and seed kernel extracts of Azadirachta indica, Gliricidia sepium, Ocimum tenuiflorum, Cascabela
thevetia were tested against storage insect pests Tribolium confusum and Sitophilus oryzae. Cascabela
thevetia fresh leaves, flowers, seed kernels, and fresh leaves of A. indica, G. sepium, and O. tenuiflorum
were collected and aqueous extracts were derived. Two laboratory trials were conducted. The first
one was to understand the toxicity of aqueous extracts on pests. Therefore, 100 adult insects of red
flour beetles and rice weevils were topically applied with treatments at the rate of 10g/100 mL. The
second trial was to test the repellent properties of the aqueous solutions. Therefore, extracts were
applied over the sealed bait bags in a large closed container at the same rate. Inmediately after
treatment application, 100 adult insects of each group were released into the container containing
baits, and the container closed. Both trials were arranged in a completed randomized design (CRD),
replicated three times including the untreated control. From the first trial, the number of live insect
per treatments was counted after 30 seconds, 1 minute, 5-minute, 10-minute, 1 h, 2 h, and 24 h, and
mortality percentage were calculated. From the second trial, the number of insects inside the sealed
bags was counted 24 h, 48 h, 5 d after treatment. The data were subjected to ANOVA using SAS 9.1.
Tukey’s HSD multiple comparison test was used to identify the best treatment combination. The
result showed that C. thevetia dried seed kernels exhibited highly significant mortality of 50%
against rice weevils and 100% against flour beetles, after an hour and one minute, respectively, at P
<0.01. Ocimum tenuiflorum and A. indica showed 100 % mortality against flour beetles after 24 h, but
not in rice weevil. Repellency percentage was highly significant in C. thevetia dried leaf extract
(91.30% and 75.00%) and fresh leaf extract (86.36% and 78.05 %) after 24 hours and five days, re-
spectively at P <0.01. In the repellency treatment, C. thevetia dried leaf and seed kernel extract
showed highly significant repellency of 96.91% and 98.99%, respectively, against red flour beetles.
The repellency percentage of C. thevetia dried leaf, seed kernel extract and O. tenuiflorum were
81.79%, 66.67%, and 59.15% after 24 hours, respectively, and significant at P <0.05. The results sug-
gest that leaf and seeds of C. thevetin have high insecticidal properties and can be used to repel
storage insects in warehouses once potential toxicity to humans is determined.
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1. Introduction

A pest can be any living organism (animal or plant) that causes economic damage to
crops, livestock, stored foods, humans, and their wealthy livings [2]. Among the pests,
insects that are causing tremendous damage to stored products play a major role in food
shortage and food insecurity [1]. The Red flour beetle Tribolium confusum (confused flour
beetle) and Sitophilus oryzae (Rice Weevil) are more dangerous stored product pests and
can destroy large quantities of stored rice and flours in both short term and long term
storage by feeding, and deteriorate the quality by excreting fecal, shedding off exuvia,
excretion of gelatinous substances while laying eggs and pupating [11]. Control or man-
agement of stored product insects is important, unless, otherwise, contaminated food
products create financial, legal, aesthetic, ethical problems [1]. Traditionally, inert materi-
als (eg: wood ash) and fumigation were practiced for household level and commercial
level management of this menace, respectively. Fumigation at the commercial level using
toxic chemicals gives quick and prominent results [8], but overuse of noxious synthetic
insecticide caused dramatic impacts to the living and non-living things on the earth. Even
though the completely advanced hi-tech preventive and curative methods such as elec-
tronic nose, near-infrared spectroscopy, nanoparticle-based inert dust, acoustic technol-
ogy are being practiced in commercial level storage pest control [3], botanicals or plant-
based extracts proved to be eco-friendly and affordable mean to manage stored product
pests, even, by poor rural farmers [7;10;12;14&15]. Lower middle-income country Sri
Lanka has recently banned importing synthetic agrochemicals and fertilizers, therefore,
agricultural scientist’s responsibility is to invent cheap natural organic pesticieds to over-
come the pest problem for 70% of farming communities living in the rural areas. Based on
the above-mentioned criticisms, an investigation was planned with an objective to test
and formulate plant-based insecticide against storage insect pest using abundantly avail-
able underutilized herbs C. thevetia (yellow oleander), A. indica (Neem), O. tenuiflorum
(Thulsi or basil), G. sepium (Gliricidia) in Sri Lanka.

2. Materials and Methods

The investigation was carried out at the Entomology Laboratory of the Department
of Agricultural Biology, Faculty of Agriculture, the University of Jaffna from November
2020 to March 2021. The detailed information of materials used, and methods followed
are described below.

2.1. Sample Collection and preparation of botanical extracts

Flowers, fruits, and leaves of C. thevetia, and leaves of A. indica, O. tenuiflorum, G.
sepium were obtained directly from the herbal garden at the department of Agricultural
Biology, Faculty of Agriculture, University of Jaffna. Samples were surface sterilized us-
ing 2% NaOCl and double-distilled water, respectively. Water-based extracts were de-
rived from finely ground collected fresh and 14 days’ air-dried samples using protocol
presented by Mihaylova and Lante (2019) [5]. Then a series of centrifuges and filtration
was followed until getting solid free aqueous extract and the concentration was
10g/100mL. The aqueous extract was stored at 4 °C for further testing.

2.1.1. In-vitro assay on storage insects

Experiment-01: Rice weevils and red flour beetles were derived from the rearing unit
of the same laboratory. The nearly equal size and weight of 100 weevils/per container and
beetles/per container were released into separate testing containers. Then the 100%
(10g/100mL) concentration of prepared plant extracts was topically applied using a hand
sprayer at the rate of 500 I/Ha. The experimental setup was arranged in randomized block
design and replicated four times along with non-treated control. The number of dead in-
sects in each container after 30 seconds, 1 minute, 5-minute, 10-minute, 1 hour, 2 hours,
and 24 hours after treatment administration were recorded.
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Experiment-02: About 90 gunny bags of 500g capacity were prepared and filled with
250 grams of fresh rice and flour separately in each bag. The small holes were made phys-
ically on each bag to facilitate the insect to enter. Then every five bags were distantly
placed in large plastic containers, and four bags in every container was treated by single-
plant extracts and one left as control. The same procedure was followed for all the treat-
ments. Once treated, nearly equal size and weight of 100 weevils/per container and bee-
tles/per container were released into the treatment containers where baits were kept and
the container was closed. The experimental setup was arranged in randomized block de-
sign and replicated four times. After 24 hrs, 48 hrs, 72 hrs, and five days of insect release,
the number of insects present in every bag in every container was counted and the repel-
lent percentage was calculated.

2.2. Data analysis

The insect mortality percentage and repellency percentage were calculated using the
following formulas.

Mortality % = Number of death insects +100 %

Number of live insects released

Number of insects in un—treated samples—Number of insect in treated samples

*100 %

Repellency % =

Number of insects in un—treated samples

The data were subjected to ANOVA using SAS 9.1 student version, and Tukey’s HSD
multiple comparison test was performed to identify the best treatment at P < 0.05 using
the same software.

3. Results and Discussion

These experiments were conducted to test the efficacy of botanical extracts on the
major storage pests rice weevil and red flour weevil. The results of the study reveal that
the plant extracts show significant results among the different treatment combinations
and control at P <0.05.

The results of the investigations on Rice weevil show that at least 50 % mortality was
not observed in any of the treatment tested until an hour, whereas, after an hour, the sig-
nificantly highest mortality of 50 % was observed in C. thevetia dried seed kernel extract
treatment (Figure 1). Even though the 6% mortality was observed after one minute of
treatment in C. thevetia Dried Seed kernel extract, it was observed that weevils were ac-
tively moved immediately after application, and tried to escape from the treatment con-
tainer. Among the treatments, C. thevetia dried Seed kernel and leaf extracts can have po-
tentially high quantity active ingredients (phytochemicals) to repel or kill the weevils. In
the repellency experiment (Tablel), the results show that repellency percentage was
highly significant (P < 0.01) in C. thevetia dried leaf extract and fresh leaf extract with the
values of 97.96% and 88.89 %, respectively, after 24 hours of treatments administration.
Whereas in other treatments the repellency percentage was significant and above 50 % at
P <0.05.
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Figure 1. Mortality % of rice weevil to different plant extracts.

When increasing the time, the repellency percentage was declined (Table 1). But the
repellency percentage was highly significant in C. thevetia dried leaf extract (91.30% and
75.00%) and fresh leaf extract (86.36% and 78.05%) after 24 hours and five days, respec-
tively. Among the treatments, the O. tenuiflorum aqueous extract has the longer effect to
keep the weevils away, rather than killing the weevils (in the preliminary experiment time
84% of insects had escaped from the experiment area within ten minutes in open condi-
tions). This is an indication that the botanicals alter the behavior of the weevils towards
the repellency than kill. The death of weevils may be due to the high concentration of
Cardiac glycosides (thevetin A, thevetin B, Oleandrin, Neriifolin) [4]. Rajapakse (2009) re-
ported that the presence of highly poisonous cardiac glycosides in C. thevetia causes car-
diovascular system and also gastrointestinal tract failure which will lead to the death of
organisms [9].

Saljoqi et al. (2006) reported that botanical extracts of Melia azadarach, Perthenium hys-
terophorus, Phlogocanthus thyrsiflorus, Vitex trifolia, Zanthoxylum acanthopodium, and A. in-
dica were on rice weevils and tested result showed that plant powder M. azadarach rec-
orded the highest mean mortality of 80.54% at 35 days after treatment [13]. But current
study used aqueous extract and repelled more than 90% of the weevils within 24 hours.

The results summarized in Figure 2 show that mortality was observed after Thirty
seconds, One-minute, Five-minute, Ten-minute, One-hour, Two-hours, Twenty-four
hours of treatments on red flour beetles. Immediately after treatment administration, in
thirty seconds, highly significant 96% mortality was recorded in C. thevetia dried seed ker-
nel extract at P <0.01. After 24 hours of treatment administration, 100% mortality was rec-
orded in all the treatments except control. Therefore, it indicates, red flour beetles are
highly sensitive and susceptible to phytochemicals. In the repellency treatment (Table 2),
C. thevetia dried leave and seed kernel extract showed highly significant repellancy of
96.91% and 98.99%, respectively (Table 2). Whereas O. tenuiflorum fresh leaves extract and
A. indica fresh leaf extracts showed significant and more than 80% mortality at P <0.05.
When increasing the time, the repellent percentage declined and only C. thevetia dried
seed extracts showed more than 80% of repellency even after five days of treatment. Mor-
tality percentage observed was high in red flour beetle than rice weevil because it may
due to red flour beetles are delicate insects than Rice weevils [8].
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Figure 2. Mortality % of red flour beetle to different plant extracts.

Table 1. Repellency effect of botanicals on rice weevils.

Aqueous extraction After 24 hours  After 48 hours  After 5 days
Cascabela thevetia Dried flower 61.17< 66.67° 59.15b
Cascabela thevetia Dried Leaf 97.962 91.302 75.002
Cascabela thevetia Dried seed 71.79bc 43.754 38.71¢
Cascabela thevetia fresh leaf 88.892 86.362 78.052
Cascabela thevetia Fresh seed 63.01¢ 66.67° 57.14b
Ocimum tenuiflorum Fresh Leaf 70.13¢ 63.01° 70.132b
Azadirachta indica Fresh Leaf 78.05> 64.86° 64.86
Gliricidia sepium Fresh Leaf 61.11< 55.07¢ 41.27¢
Non treated (Control) 36.16¢ 10.37¢ 0.004

Values with the same alphabets are not significantly different according to the Tukey’s HSD at
95% confidence interval.

Table 2. Repellency effect of botanicals on red flour beetle.

Aqueous extraction After 24 hours After 48 hours  After 5 days
Cascabela thevetia Dried flower 75.00p¢ 71.79bc 50.75bc
Cascabela thevetia Dried Leaf 96.912 91.302 66.67b
Cascabela thevetia Dried seed 98.992 95.832 81.792
Cascabela thevetia fresh leaf 75.00b¢ 71.79b¢ 50.75b¢
Cascabela thevetia Fresh seed 79.52bc 78.05b¢ 43.75¢
Ocimum tenuiflorum Fresh Leaf 85.06° 85.06b 59.15b¢
Azadirachta indica Fresh Leaf 82.35b 79.52b¢ 46.15
Gliricidia sepium Fresh Leaf 61.114 52.944 46.15<
Non treated (Control) 15.00¢ 0.00e 0.00e

Values with the same alphabets are not significantly different according to the Tukey’s HSD at
95% confidence interval

Znuncio et al. (2016) reported that secondary metabolites such as alkaloids, amides,
chalcones, flavones, phenols, etc. present in neem and gliricidia cause insect death. Flavo-
noids are the most lethal compounds present in the gliricidia fresh leaves, and among
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flavonoids, biochanin and pinocembrin are more toxic to stored insects [6]. As mentioned
above, the various concentrations of cardiac glycosides (thevetin A, thevetin B, Oleandrin,
Neriifolin) present in the C. thevetia plant could be the reason for the high mortality in red
flour beetles when it contacts directly.

This study found that different storage insects behave differently to the plant ex-
tracts. Therefore, further study with more category of storage insect is needed to deter-
mine the LD 50%.

5. Conclusion

This study found that dried C. thevetia seeds and leaf extracts cause highly significant
mortality and repellent effect in both rice weevils and red flour beetles. Cascabela thevetia
seeds and leafs are more potential sources to prepare insect protectants. Cascabela thevetia
seeds are more toxic to human, therefore, further study related to side effects assessment
is recommended.
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