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Abstract- Sitophilus oryzae (L.) causes high risk to wheat seeds in storage such as weight loss, reduced nutrition value,
less germination of grains. The excessive use of pesticides and chemical compounds has an adverse effect on environment.
The nanoparticles have received much attention for controlling stored grain pests. Screening test was conducted to
evaluate the effect of Zinc Oxide nanoparticles (ZnO NPs) at different doses 1000 ppm, 2000 ppm, 3000 ppm, 4000 ppm and
5000 ppm per 20 g wheat grains along with control on S. oryzae. The results clearly showed that ZnO NPs had adverse
effect on the adults of S. oryzae. The results obtained indicated that the insects mortality (%) increased by increasing the
level of concentration of ZnO NPs and the period of exposure and the seed weight loss decreased after 40 days of storage.
Thus, the ZnO NPs are use as an alternative method as pesticides to control the S. oryzae insect pest because ZnO NPs

are safe for human and for environment.
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INTRODUCTION

Wheat is one of the major crops for world’s population
but the stored wheat grains are ravaged by a number of
insect pests. A large number of insect pests gain access to
the grain storage at various stages of processing of food
grains viz., during the process of development and
maturation of grains, processing in threshing yards, during
transit or while in storage.! The S.oryzae causes extensive
losses in the quality and quantity of stored Wheat grains.
Both the adults and larvae feed on whole grains.? The
efficient control of stored grain pest S. oryzae is the main
aim of Entomologists. Synthetic chemical pesticides have
been used for many years to control stored grain pests.’
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The application of insecticides and fumigants to control
storage insect has led to many problems including the
development of insecticide resistance, health hazards
especially to mammals and the risk of environment
contamination.* The chemical insecticides show negative
impact to the environment and are so much expensive.
Reacting to the disadvantages of using traditional chemical
pesticides was the need to use a new methods of combat,
such as nanotechnology.’

Nanoparticles have shown great role in agriculture
including management of pest. Nanoparticles having one
or more dimensions in the order of 100 nm or less.® In the
present research ZnO NPs were chosen to reduce the
stored grain pests. They kill the arthropods by removing
or adsorbing the epicuticular lipid layers causing excessive
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water loss through cuticle.” The potential of some
nanoparticles as insecticides in insect pest management
such as nanosilica,® silver nanoparticles® and aluminum
nanoparticles’ have been reported in several studies.
The objectives of the present study were:
¢ toevaluate the pesticidal effect of ZnO NPs against
S.oryzae adults.
¢ to study the reduction in the weight loss of wheat
grains treated with ZnO NPs.

MATERIALS & METHODS

Location of experiment

Research was conducted at the Entomology
Laboratory of University Department of Zoology, Ranchi
University Ranchi, Ranchi, Jharkhand, India.
Insect used

The adults of S. oryzae were collected from the wheat
grains reared in the Entomology laboratory of University
Department of Zoology, Ranchi University, Ranchi. Insects
were reared under laboratory conditions of 30+2°C, 50+5%
relative humidity in continuous darkness. For the experiment
new adults were selected.
Zinc Oxide nanoparticles

The colloidal form of ZnO NPs were obtained from
authorized Nano Research Lab.

Supplier : Nano Research Lab
Appearance : Powder

Colour : White

Solubility : Dispersed in water
pH : Neutral

Preparation of wheat grains and treatment with ZnO
NPs

500 g of wheat grains were taken, washed with water
and dried in sunlight. Then wheat grains were sieved to
remove stone, dust, insects. Five batches of wheat grains
were selected for the experiment. Three replicates of each
five batches of wheat grains containing 13% moisture were

sterilized at 60°C in hot air oven for one hour and left to
cool and reabsorb moisture. In three replicates 20 grams
of wheat grains were weighed in 150 ml jar for treatments
and control. Different concentrations of ZnO NPs, that is
concentrations 1000 ppm, 2000 ppm, 3000 ppm, 4000
ppm and 5000 ppm were prepared and mixed with all five
batches of the wheat grains in required doses.

Jars were shaken manually for 2 minutes for equal
distribution of ZnO NPs on wheat grains. The treated jars
were left for 24 hours before introduce the adults of S.
oryzae. After 24 hours of treatment 20 newly emerged
adults of S. oryzae were introduced in each batch for
infestation.

All treated batches and control were kept at 30+2°C
and 50+5% R.H. in incubator. Insect Mortality Percentage
was recorded after 1, 3, 5, 7,9, 11, 13 and 15 days post
treatment. Adult mortality of S. oryzae was calculated by
using the formula described by Devi ef al., (2014)'°.

] Number of dead insects
Adult Mortality (%) = Total number of insects %

The reduction in the weight loss of wheat grains was
calculated on 40* day after treatment. Initial weight and
final weight of all the five batches of wheat grains was
recorded and weight loss (%) was calculated by using the

formula described by Harris and Limblad (1978)!".
Wo—-W1

Weightloss (%) = TX 100

Where, W, = Initial weight of sample (g)
W, = Final weight of sample (g)

100

RESULT

Effect of ZnO NPs on adult mortality (%) of S.oryzae

Table 1 represents the toxic effect of ZnO NPs against
S. oryzae. The result obtained in table 1 indicated that the
percentage mortality increases with the increase in
concentration and period of exposure. In the higher

Table 1- Toxicity of ZnO NPs mixed with the media against Sitophilus oryzae

Treatments Adult mortality (%)

(ZnO NPs, Days after treatment (DAT)
ppm) 1 3 5 7 9 11 13 15
1000 0.00 1.89 2.05 2.29 3.65 5.86 8.30 8.46
2000 1.65 3.30 5.64 6.24 7.67 7.88 11.56 | 11.65
3000 1.79 4.39 6.87 7.38 11.99 | 20.79 | 29.17 | 31.85
4000 1.86 8.81 17.21 18.37 19.32 | 29.17 | 36.30 | 39.14
5000 5.00 | 10.16 17.52 | 27.63 | 3220 | 57.06 | 65.34 | 66.44

Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00
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concentration 5000 ppm adult mortality (%) varied in the
range of 5% to 66.44% from 1 to 15 days post treatment.
The highest mortality (%) found in treatment 1000 ppm,
2000 ppm, 3000 ppm, 4000 ppm were 8.46%, 11.65%,
31.85%, 39.14% at 15 days post treatment. In control there
was 5% mortality at 15 days post treatment.
Weight loss (%) of treated wheat grains due to S. oryzae
Table 2 represents the weight loss (%) of treated
wheat grains due to infestation by S. oryzae. Data was
recorded on 40* day after treatment. Data indicated that at
5000 ppm ZnO NPs the weight loss (%) was minimum
that is 0.9%. The control recorded 5.66% loss in grain
weight on 40" day of imposing treatment.
Table 2- Efficacy of ZnO NPs in weight loss reduction
against S. oryzae

Treatments Weight Loss (%)
(ZnO NPs, ppm)
1000 3.70
2000 1.65
3000 1.60
4000 1.35
5000 0.90
Control 5.66
DISCUSSION

From the data it was evident that the ZnO NPs were
effective because of increased insect cuticle contact.
Insecticidal efficacy of the dust becomes enhanced if the
particles are finely divided.!> Damage occurs to the insect
protective wax coat on the cuticle, by sorption and
abrasion.® The insects begin to lose water as the water
barrier is damaged'® and due to desiccation they die.

Since there is no reviews available on ZnO NPs toxic
effect against adult mortality of S. oryzae at temperature
(30+2°C, 50+5% R.H), so reviews of ZnO NPs at
28+2°C,70+£5% R.H and other nanoparticles are presented
here. Wille (1923)!* reported variable duration of life cycle
with 45 days in summer but taking as long as five months
in cool weather of autumn and winter for completion of
one generation. Attia Y. Keratum ef al, (2015)* noticed
that the adult mortality percent ranged between 2 and 46.8%
from 3 to 15 days of exposure with concentration % ranged
from 0.1 w/w to 0.8 w/w. Rouhani ef al., (2012)'> showed
the most mortality effect pertained to 28% ZnO against
Frankliniella occidentalis. Sabbour (2013)'¢ found that
aluminium oxide had the highest cumulative mortality 73.3%
followed by titanium dioxide reached 59.7% after 7 days

against S. oryzae. Debnath et al., (2011)® reported, the in
vitro cellular toxicity in human fibroblast cell line and acute
oral toxicity study in mice revealed that similar to the silica
NPs (25, 50, 125, 800, 2000, 5000 ppm) non toxic. ZnO
NPs are less toxic than SNPs. So, ZnO NPs can be used
to control S. oryzae in stored grains. Nanoparticles can be
useful in pest management as insecticides, however more
research is required to find out the detailed mechanisms of
action of ZnO NPs as nanocides.

CONCLUSIONS

At temperature 30+2°C, 50+5 % R.H the dose 1000
ppm of ZnO NPs causes mortality after 3 days of post
treatment. The ZnO NPs of concentration 5000 ppm causes
5% mortality after 1 day of post treatment and after that
mortality (%) increases upto 66.44% on increasing the
day of exposure. The weight loss (%) of wheat grains
decreases from 3.7% to 0.9% after treated with ZnO NPs
of concentration 1000 ppm to 5000 ppm. From the result
it is clear that ZnO NPs can used as an alternative to kill

the S. oryzae.
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