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Abstract

The rice weevil Sitophilus oryzae (L.) (Coleoptera: Curculionidae), is one of the most important stored grain pest in India and has
been spread worldwide by commerce. Plants have developed subtile chemical defense mechanisms against insects and other
organisms; these defense mechanisms do not generally produce immediate death but do affect common biochemical and
physiological functions. In this study, we evaluated the repellency and antifeedant activities of Saraca asoca and Terminalia
arjuna bark extracts to control Sitophilus oryzae. The repellent activity against S. oryzae adults was more pronounced in methanol
extract of Terminalia arjuna bark as compared with Saraca asoca bark extract. The antifeedant activity against S. oryzae adults
was greater in methanol extract of Terminalia arjuna bark as compared with Saraca asoca bark extract. The potential insecticidal,
repellent and antifeedant activity of Saraca asoca and Terminalia arjuna bark extracts might be present in bioactive compounds.
Therefore, Saraca asoca and Terminalia arjuna could be considered an ideal grain (Rice) protectant from the point of view of seed

viability and safety to mammals.
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Introduction

The rice weevil Sitophilus oryzae (L.) (Coleoptera:
Curculionidae), is one of the most important stored grain pest
in India and has been spread worldwide by commerce. Both,
the adults and larvae feed on whole grains. They attack wheat,
corn, oats, rye, barley, sorghum, dried beans and cereal
products. Some plants of worldwide distribution in the
province of Cérdoba had shown, in previous observations,
antifeedant an repellent effects on insects. Plants have
developed for 400 million years and have acquired effective
defense mechanisms that ensure survival under rough
environmental conditions and in the presence of natural
enemies. Besides a number of morphological protective
mechanisms, plants have developed subtile chemical defense
mechanisms against insects and other organisms; these
defense mechanisms do not generally produce immediate
death but do affect common biochemical and physiological
functions (Prakash and Rao 1997) 81, The repellents are
desirable chemicals as they offer protection with minimal
impact on the ecosystem, as they drive away the insect pest
from the treated materials by stimulating olfactory or other
receptors. Repellents from plant origins are considered safe in
pest control; minimise pesticide residue; ensure safety of the
people, food and environment (Talukder et al., 2004;
Talukder, 2006; Maia and Moore, 2011) [7- 18 10 The plant
extracts, powders and essential oil from the different bioactive
plants were reported as repellent against stored grain insect
pests (Talukder et al., 2004; Owusu, 2001; Xie et al., 1995;
Koul et al., 2008; Boeke et al., 2004) [7. 4 22 7. 2 For
example, the essential oil of Artemisia annua was found as
repellent against Tribolium castaneum and Callosobruchus
maculates (Tripathi et al., 2004) 21,

Antifeedants, sometimes referred to as “feeding deterrents”
are defined as chemicals that inhibit feeding or disrupt insect
feeding by rendering the treated materials unattractive or
unpalatable (Munakata, 1997; Saxena et al., 1988) [12 161,
Some naturally occurring antifeedants, which have been
characterized, include glycosides of steroidal alkaloids,
aromatic steroids, hydroxylated steroid meliantriol, triterpene
hemiacetal and others (Jacobson, 1982) [l Essential oil
constituents such as thymol, citronellal and a-terpineol are
effective as feeding deterrent against tobacco cutworm,
Spodoptera litura synergism, or additive effects of
combination of monoterpenoids from essential oils have been
reported against Spodoptera litura larvae (Hummelbrunner
and Isman, 2001) Bl The screening of several medicinal herbs
showed that root bark of Dictamnus dasycarpus possessed
significant feeding deterrence against two stored-product
insects (Liu et al., 2002) . Recent chemical ecology studies
have shown that many of these secondary compounds play an
important role in plant-insect relations. Some compounds,
either separately or synergically, make up a chemical defense
barrier in the plant against certain pests and diseases. In this
study, we evaluated the repellency and antifeedant activities of
Saraca asoca and Terminalia arjuna bark extracts to control
Sitophilus oryzae.

Materials and Methods

Plant materials: The chosen herbal plants as Saraca asoca
and Terminalia arjuna barks were collected in January 2015
from Karaikudi surroundings, Sivagangai District Tamil
Nadu, India.

Preparation of powder: The plant leaves were collected and
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dried under shade. These dried leaves were mechanically
powdered and stored in an airtight container. These powdered
materials were used for further analysis.

Preparation of extracts

The collected Saraca asoca and Terminalia arjuna barks were
washed several times with distilled water to remove the traces
of impurities from the barks. The barks were dried at room
temperature and coarsely powdered. The powder was
extracted with aqueous and methanol for 24 hours. A semi
solid extract was obtained after complete elimination of water
and alcohol under reduced pressure. The extract was stored in
desiccator until used. The extract contained both polar and
non-polar phytocomponents of the plant material used.

Evaluation repellency activity

The area preference test described by McDonald et al. (1970)
(111 was used to evaluate repellent action of Sitophilus oryzae.
Test areas consisted of 6 cm Whatman No. 1 filter papers that
were cut two parts. In first part one ml (1, 2, 4, 8, 16 and 32%)
of methanol extract of Saraca asoca and Terminalia arjuna
bark. The other part (control) was only treated with 1 ml of
methanol. Both the treated part and the control part were air
dried to evaporate the solvent completely. A full disc was
carefully remade by attaching the treated part to the control
part with adhesive paper tape. Each filter paper was placed in
a petri dish and 10 adult of Sitophilus oryzae were released in
the center of each filter paper disc and covered. Each
treatment was replicated five times. The number of insects
present on control (NC) and treated (NT) strips were recorded
after 1, 2, 4, 8 12 and 24 h. Percent repellency (PR) values for
test was computed as PR= [(NC-NT) / (NC+NT)] x100
(Obeng-Ofori and Reichmuth, 1997) 121,

Evaluation antifeedant activity

Antifeedant activity was study as the methods of Keita et al.
(2001) 1 and Mahdi and Rahman (2008) I with some
modifications. The Saraca asoca and Terminalia arjuna bark
extracts were applied (spiked) to 10g grain, by mixing to give
10, 25, 50, 75 and 100 milligram per kilogram. Controls for

each set of treatments consisted of grain treated with water
only. Both the treated part and the control part were air dried
to evaporate the solvent completely. 10 adult Sitophilus oryzae
was introduced into the glass jars containing the treated or
untreated grains. The glass jars were covered with cotton
cloths held with rubber bands and allowed to feed for 7 days.
After the feeding period, grains were weighed, and weight loss
was measured. The percentage of antifeedant index was
calculated by this formula: %WL = (IW-FW) x 100/IW,
where the IW is the initial weight and FW is the final weight.

Results and Discussion

Evaluation repellency activity of Saraca asoca and Terminalia
arjuna bark extracts

Plants as alternative source of repellent agent, reported in
numerous ethnobotanical evaluations. The summary of recent
informations on claiming and efficacy of plant-based
repellents as well as promising new developments in the field.
Plant-derived repellents usually do not pose hazards of
toxicity to humans and domestic animals and are easily
biodegraded. Compared to synthetic compounds, natural
products are presumed to be safer for human. In general, the
extracts of Saraca asoca and Terminalia arjuna bark had a
moderate repellency effect on S. oryzae. These results agree
with those obtained by Talukder and Howse (1993, 1994) 1%
201 with extracts of A. polystachya on S. oryzae and T.
castaneum, although the latter species showed a higher
repellency effect; the authors also found a higher repellency
effect of extracts on S. oryzae, mainly extracts of methanol
(67%), acetone (67%), and ethanol (57%). In the present study
was to examine the Saraca asoca and Terminalia arjuna bark
extracts were repelled adults of S. oryzae. Where, the
repellency activities were dependent to the extractions dosage.
A highest concentration of methanol extracts of Saraca asoca
and Terminalia arjuna bark showed 80 and 100% repellency,
after 24 h against adult of S. oryzae, respectively. In overall,
the repellent activities were more pronounced for methanol
extract of Terminalia arjuna bark compared with Saraca
asoca bark extract. (Table 1 and Fig 1).

Table 1: Mean percent repellency values for different concentrations of Saraca asoca and Terminalia arjuna bark extracts against S. oryzae

% of Repellency Mean Repellency
Doses (%) ithr | 2hr [ 4hr | | 12hr |  24hr
Saraca asoca bark extract treated
1 2040.14 | 30+0.21 | 60+0.42 7010.49 7010.49 8010.56 55+0.36%
2 3040.21 | 80+0.56 | 50+0.35 8010.56 6010.42 7040.49 61.66+0.45°
4 5040.35 | 80+0.56 | 40+0.28 6010.42 7010.49 6010.42 60+0.42°
12 40+0.28 | 70+0.79 | 60+0.42 9040.56 7010.49 70£0.56 66.66+0.48°
24 60+0.42 | 50+0.35 | 40+0.28 | 100+0.70 | 70+0.49 9040.56 68.33+£0.49°
Terminalia arjuna bark treated
1 60+0.42 | 40+0.28 | 80+0.56 9040.56 8010.58 90+0.63* 58.33+0.35"
2 40+0.28 | 50+0.36 | 60+0.42 8010.56 7010.49 80+0.56* 63.33+0.45"
4 80+0.56 | 70+0.19 | 60+0.42 70£0.49 8010.56 90+0.63* 70+0.50°
12 70+0.49 | 60+0.42 | 70+0.50 8010.55 9040.62 80+0.56* 75+0.52°
24 70+0.49 | 80+0.56 | 80+0.56 | 100+0.71 | 80+0.56 | 100+0.71* 85+0.58"

Values are expressed as Meanz SD for six triplicates

Mean values within a column followed by different letters are significantly different from each other at P <0.05 level

comparison by Duncan’s multiple range test (DMRT).
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Fig 1: Mean percent repellency values for different concentrations of
Saraca asoca and Terminalia arjuna bark extracts against S. oryzae

Evaluation antifeedant activity of Saraca asoca and
Terminalia arjuna bark extracts

Antifeedant is defined as a chemical that inhibits feeding
without killing the insect directly, while the insect remains
near the treated foliage and dies through starvation. (Isman,
2002) M. This definition excludes chemicals that suppress
feeding by acting on the central nervous system (following
ingestion and absorption) or a substance that has sub-lethal
toxicity to the insect. Many well documented insect anti-
feedants are triterpenoids. Based on a 30-carbon skeleton,
these substances often occur as glycosides (conjugated with

sugars) and are often highly oxygenated. Especially well
studied in this regard are the limonoids from the neem (A.
indica) and chinaberry (Melia azedarach) trees, exemplified
by azadirachtin, toosendanin and limonin from Citrus species
(Adeyemi et al., 2009) 121,

Antifeedant is defined as a chemical that inhibits feeding
without killing the insect directly, while the insect remains
near the treated foliage and dies through starvation.
Antifeedant activity of methanol extracts of Saraca asoca and
Terminalia arjuna bark were assessed based on antifeedant
index. Higher antifeedant index normally indicates decreased
rate of feeding. In the present study, irrespective of
concentration used for extraction the antifeedant activity
varied significantly. The antifeedant activity of the extract of
barks were tested at different concentrations. The rate of
feeding significantly varied depending on the concentration of
the methanol extracts of Saraca asoca and Terminalia arjuna
bark. Data pertaining to the above experiment clearly revealed
that maximum antifeedant activity was recorded in Terminalia
arjuna bark as compared to Saraca asoca extract. This
indicates that the active principles present in the plants inhibit
larval feeding behaviour or make the food unpalatable or the
substances directly act on the chemosensilla of the larva
resulting in feeding deterrence. This study demonstrated that
the plant extraction is effective as antifeedant against S.
oryzae adults (Table 2 and Fig 2).

Table 2: Evaluation antifeedant activity of Saraca asoca and Terminalia arjuna bark extracts

Weight loss (gm)
S. No. Doses (mg/kg) Saraca asoca bark extract treated Terminalia arjuna bark treated

1 Control 9.65 9.65

2 10 2.85+0.20° 2.08+0.14°
3 25 2.12+0.152 1.45+0.10"
4 50 1.56+0.112 1.02+0.09°
5 75 1.07+0.072 0.92+0.06°
6 100 0.65+0.052 0.24+0.03°

Values are expressed as Meanz SD for six triplicates
Mean values within a row followed by different letters are significantly different from each other at P <0.05 level
comparison by Duncan’s multiple range test (DMRT).
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Fig 2: Evaluation antifeedant activity of Saraca asoca and

Terminalia arjuna bark extracts

Conclusion

The repellent activity against S. oryzae adults was more
pronounced in methanol extract of Terminalia arjuna bark as
compared with Saraca asoca bark extract. The antifeedant
activity against S. oryzae adults was greater in methanol
extract of Terminalia arjuna bark as compared with Saraca

asoca bark extract. The potential insecticidal, repellent and
antifeedant activity of Saraca asoca and Terminalia arjuna
bark extracts might be present in bioactive compounds.
Therefore, Saraca asoca and Terminalia arjuna could be
considered an ideal grain (Rice) protectant from the point of
view of seed viability and safety to mammals.
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