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Abstract

Leaf powders of Ocimum graticimum, Morinda citrifolia, Aegle marmelos, Annona squamosa, Annona
reticulata, Olax zeylanica and Ricinus communis were screened for their insecticidal activity under
laboratory conditions (30+1 °C and 84 - 86% RH) against Sitophilus zeamais. The powders at the rate of
15¢/50g of maize grains were tested and adult mortality was recorded after 24 hours. O. zeylanica was
highly effective against S. zeamais eliciting 100% mortality. Mortality for other six plants was significantly
lower ranging from 5.28 to 21.24%. O. zeylanica was tested at five dose rates (1.0, 2.5, 5.0, 7.5, 10.0g) and
mortality of adult weevils was recorded after 6, 12 and 24 hours. Mortality of weevils increased with the
increase of the dose as well as the exposure time. Also, weevil mortality was 100% at the dose of 10g just
after 12 hours. Results of this study indicated that leaf powder of O. zeylanica was extremely toxic to S.
zeamaize weevils. LDg, and LDgg values after 6,12and 24 hours of exposure were 5.84, 2.47, 1.84g and
38.55, 8.33 and 6.51g respectively. The present study revealed that Olax zeylanica has high potential as a
bio-pesticide which can compete effectively with hazardous insecticides in managing S. zeamais
infestations.
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1. INTRODUCTION

Storage insect pests are a problem throughout the world, especially in the tropics because they
reduce the quantity and quality of grain. The control of storage insect pests is largely based on
synthetic insecticides and fumigants. Currently, in many countries including Sri Lanka, cereals and
pulses stored in warehouses are fumigated using synthetic chemicals such as phosphine. However,
these products adversely affect the environment and are hazardous to human health (Lee et al.,
2004; Tapondjou et al., 2002). The huge post harvest losses and deterioration of grain quality
caused by insect pests is found to be a major obstacle in achieving food security (Rouanet, 1992).

More recently, there has been a growing interest concerning the possible use of plant materials as
alternatives to synthetic insecticides. Higher plants are rich source of substances with insecticidal
properties (Arnason et al, 1989, Dev and Koul, 1997). Insecticides derived from these plants are
desirable because they are convenient to use and environmentally safe. Different plant preparations
such as whole plants, powders, solvent extracts, and essential oils are been investigated for their
insecticidal activity (Regnault-Roger et al 1993, Rembold 1994, Schmutterrer 1988, Prakash and
Rao 1997, Isman 2000, Weaver and Subramanyam 2000). Plant materials with insecticidal
properties have been used by farmers for generations throughout the world (Belmain et al., 2001)
and traditionally, farmers in Sri Lanka also have used various plant products as protectants against
storage pests.

The purpose of the present study was to evaluate the efficacy of some locally available botanical
products on the survival of the maize weevil, Sitophilus zeamais. Identification of such botanicals
will provide environmentally safe bio-pesticides to control storage pests, thus contributing to
increased food security in the country.
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2. MATERIALS AND METHODS

2.1. PLANT MATERIALS

Fresh leaves of Ocimum graticimum (Gasthala), Morinda citrifolia (Ahu), Aegle marmelos
(Beli),Annona reticulata (Weli anoda), Ricinus communis (Thel Endaru), Olax zeylanica (Mella)
and Annona squamosa (Seeni anoda) were collected from villages near the University. These were
washed and air dried and ground into a fine powder using a domestic electric grinder
(Multinational, 2101, India). These powders were kept in air tight jars before using in the
experiments.

2.2.  INSECT CULTURES

Sitophilus zeamais used for bioassays were obtained from laboratory cultures maintained on clean
and un-infested maize grains at 30+1°C, relative humidity of 85+1% and a photoperiod of 12h:12h
light: dark regime. One week old adults were used in all the experiments.

2.3. SCREENING OF PLANT MATERIALS FOR INSECTICIDAL ACTIVITY

Powdered leaves (15¢g each) of seven plants were admixed with fifty grams (50g) of clean and un-
infested maize grains in separate plastic containers (6.5cm diameter x 8cm height). The powders
and grains were then mixed thoroughly with the aid of a glass rod. Batches of thirty, unsexed adult
weevils were then introduced into each container. Muslin cloth was used to secure the mouths of
the plastic cups to ensure aeration and also to prevent insects escaping from containers. A similar
set up with untreated grains served as the control. The number of dead insects in each container
was recorded 24 hours after the introduction of insects and percentage adult mortality was
calculated separately for each treatment. This experiment was replicated five times.

2.4. INSECTICIDAL EFFECT OF OLAX ZEYLANICA

Plastic containers similar to those used in the screening test were used in this bioassay. Powdered
plant leaves of Olax zeylanica at the rate of 1.0g, 2.0g, 5.0g, 7.5g and 10.0g were tested against
adult maize weevils. The procedure followed to evaluate the insecticidal effect of Olax zeylanica
was similar to the previous screening test. In this bioassay, the number of dead insects in each
container was recorded after 6, 12 and 24 hours of exposure to treatments and percentage adult
weevil mortality was calculated. Five replicates were made for each treatment. Data on percentage
weevil mortality were corrected using Abbott’s (1925) formula.

2.5. DATA ANALYSIS

The percentage mortalities of adults were subjected to one-way analysis of variance (ANOVA).
Tukey’s multiple comparison test (p<0.05) was used to determine treatment differences. Data
obtained from various concentrations were subjected to probit analysis in order to determine the
lethal concentrations that Kill 50% (LC50) and 99% (LC99) of test insects using Minitab 14.

3. RESULTS AND DISCUSSION

Mean percent mortality of the S. zeamais after 24 hours exposure to powders of seven plant
species at 15g concentration is shown in Tablel. All the plant powders tested for their insecticidal
efficacy were found affecting the mortality among S. zeamais. All the plant powders tested for
their insecticidal efficacy had some lethal effect on the percentage weevil mortality. Compared
with the other six plants, powdered leaves of Olax zeylanica elicited exceptionally high mortality
(100%) in insects. This was followed by Ocimum graticimum with a 20.00% mortality and
Morinda citrifolia and Aegle marmelos with mortality of 16.00%. An extremely low toxic effect
was elicited by Ricinus communis, Annona squamosa and A. reticulata. No weevil mortality was
observed with the control.
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It is recorded that leaves of M. citrifolia are used by farmers to protect pulses from stored product
pests even though the results of the present study indicated very low insecticidal activity in
weevils. This may be because that leaves of these two plants act as repellents but not as strong
toxicants. These two plants showed very low mortality. Also, it is reported that leaves as well as
seeds of A. squamosa and A .reticulata show strong insecticidal activity against storage insect
pests such as Callosobruchus chinensis (Karunaratne and Wanniarachchi 2004, Dharmasena et al.
2001). Furthermore in contrast with the results of the present study, the insecticidal activity of
the oil of Aegle marmelos was reportedly effective against storage pests C. chinensis, Rhyzopertha
dominica and Sitophilus oryzae (Kumar et al. 2008). It is also interesting to note that leaves of R.
communis are effective as grain protectants against infestations of Tribolium castaneum (Haqg and
Abbas 2005). Keita et al. (2001) reported that powders made from Ocimum graticimum provided
complete protection against Callosobruchus maculatus. It can be suggested that significantly low
weevil mortality observed for these plants in the present study may be due to various reasons
including insect species and other physiological and environmental factors affecting effectiveness
of plants.

Table 1: Mortality of S. zeamais with different plant powders 24 hours after treatment

Plant Species % Mortality +SD
Ocimum graticimum 21.24 +1.69°
Morinda citrifolia 16.54+ 2.40°"
Aegle marmelos 15.84+ 1.47°
Annona squamosa 6.62+2.36°
Annona reticulata 5.28+1.80°

Olax zeylanica 100.00 +0.00°
Ricinus communis 5.94+ 1.47°

Means followed by similar letters are not significantly different from each other (p>0.05 Tukey’s
test); Mean values for five replicates ( MeantSD ).

Figure 1 demonstrates the effect of various doses of O zeylanica plant powder on the mortality of
the adults of S. zeamais. All the concentrations tested for their insecticidal efficacy were directly
proportional to the amount of powder used for treatment of grains and period of exposure.
Mortality of the weevils increased significantly (p<0.05) with the increase of powder concentration
ranging from 3% to 76% within 6 hours after treatment. After 24 hours of application, all tested
concentrations except the lowest two (1.0 and 2.5g), killed almost all the insects. At 1.0g
concentration, significantly very low mortality was obtained within 6, 12 and 24h post-treatment.
It is also of interest to note that 100% mortality occurred just after 12 hours of post-treatment when
weevils were treated with 10g of leaf powder. Furthermore, even with 2.5g of leaf powder, more
than 50% mortality was recorded after 12 hours.

Leaves of O. zeylanica may have been very potent because of the strong revolting odour they
produce when ground to a powder. The ability of this plant material to affect the mortality within a
few hours after treatment can be attributed to the fumigant effect of the plant powder on the
weevils. According to Adedire and Ajayi (1996), this may have exerted a toxic effect by disrupting
the respiratory activity of the weevils, resulting in asphyxiation followed by death. On the other
hand, adult mortality might also be attributed to the contact toxicity or to the abrasive effect of the
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powder on the pest cuticle (Mathur et al. 1985), which might also interfere with the respiratory
mechanism of the insect (Van Schoonhoven 1978; Agarwal et al. 1988, Kim et al. 2003).
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Figure 1: Insecticidal effect of Olax zeylanica leaf powder on adult S. zeamais at different
concentrations and time periods

When probit regression lines of the five concentrations at three different time periods were
analyzed, they showed a linear relationship between mortality percentage and powder
concentration at 12 and 24 hours after treatment (Figures 2a and b). Estimates of LDsg, LDgg Values
and their standard errors and 95% Fiducial Confidence Limits for 6, 12 and 24 hours post-
treatment are presented in Table 2. Values for LDsy were 5.84¢ (5.26-6.52) and 2.47g (2.24-2.71)
at 6 and 12 hours after treatment respectively. On the other hand, values for LDgy Were 38.559
(28.29-59.53) and 8.33g (7.11-10.21) at the same time periods. However, LDs, and LDy values
after 24 hours of exposure were 1.84 and 6.51g respectively. These results demonstrate that
powdered leaves of O. zeylanica were effective against the adult weevils at all time periods. It was
quite striking to note that with the increase of exposure time, the LDs, and LDgg values decreased
showing the lowest values at 24 hours of exposure. This means if the exposure time for the weevils
is long then the dosage required to kill 50% or 99% of test insects would be very much less.
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Figure 2: Log dosage—probit mortality lines (LDsy, and LDgg) for leaf powder of Olax
zeylanica against adult Sitophilus zeamais after a) 12 hours and b) 24 hours of exposure
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Table 2:  Probit analysis for insecticidal effect of Olax zeylanica leaf powder on Sitophilus
zeamais after 6, 12 and 24 hours of exposure

Time No. of insects | *LDsg SE(%) **|_Dgg SE(%)
used

(95% Fiducial (95% Fiducial
Confidence Limits) Confidence Limits)

6 HAT | 150 5.84 0.31 38.55 7.10
(5.26-6.52) (28.29-59.53)

12 HAT | 150 2.47 0.11 8.33 0.75
(2.24-2.71) (7.11-10.21)

24 HAT | 150 1.84 0.09 6.51 0.63
(1.65-2.03) (5.50-8.11)

HAT - Hours after Treatment
95% lower and upper fiducial limits are shown in parenthesis
*LDsp - Lethal dosage that kills 50% of the population
**|_Dgg - Lethal dosage that kills 99% of the population

World-wide research on the toxicity of different plant derivates including powders of plant leaves
show that many of these are toxic to stored product insects (Weaver et al. 1994, Talukder and
Howse, 1995, Xie et al. 1995, Tripathi et al. 2000, Park et al. 2003, Boeke et al. 2004, Talukder et
al. 2004, Islam and Talukder 2005).

Despite the fact that leaves of Olax zeylanica had been used by farmers in Sri Lanka since olden
times to protect stored grain from insect pests, no scientific research has ever been carried out until
now on the toxic effects of this plant. O. zeylanica being a medicinal plant and is consumed by
people in Sri Lanka would be rather a great advantage, as chemical compounds identified and
isolated from this plant would be environmentally sound having no harmful effects on non target
organisms.

Based upon the present study, it could therefore, be stated that leaf powder of O. zeylanica
possesses insecticidal activity worth exploiting for the management of stored commodities from
insect pests including maize weevil infestations. Moreover, these findings suggest that this powder
can directly serve as a highly potent and eco-friendly natural bio-pesticide or possibly as a guide
for the synthesis of novel insecticides.
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