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Abstract
Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae) causes quantitative and qualitative losses to stored cereals. The 
excessive use of synthetic residual insecticides led to the development of resistance. These pesticides have adverse effect 
on the environment. Green synthesized nanoparticles can be a good replacement of synthetic insecticides. Nanoparticles of 
ZnO prepared using the extract of Eucalyptus globulus L. (Myrtale: Myrtaceae) were never evaluated against R. dominica. 
Therefore, the present study was planned to evaluate the insecticidal potential of leaf extract of E. globulus and green syn-
thesized zinc oxide nanoparticles (ZnONPs) against adults of R. dominica. Green synthesized ZnONPs were prepared using 
leaves extract of E. globulus as a simple, non-toxic and ecofriendly green material. Characterization of nanoparticles was 
carried out using UV- visible spectroscopy, Particle Size Analysis (PSA) and Scanning Electron Microscope (SEM) analysis. 
Insecticide bioassays were conducted using six concentrations (300, 600, 900, 1200, 1500, and 1800 ppm) of E. globulus 
extract. Similarly six dose rates (100, 200, 300, 400, 500 and 600 ppm) of green synthesized ZnONPs were evaluated after 
four exposure periods (3, 7, 11 and 15 days). The insect mortality due to E. globulus leaf extract was 62.5% against 1800 ppm 
dose rate while 80.5% mortality of insect was observed against 600 ppm dose rate of ZnONPs after 15 days exposure period. 
The LC50 for leaf extract of E. globulus and green synthesized ZnONPs were 1043.06 and 202.11 ppm respectively. Post 
treatment growth inhibition of R. dominica was 75.7% and 87.0% against extract and ZnONPs of E. globulus after 30 days. 
These results indicate that E. globulus leaf extract and green synthesized ZnONPs are effective against R. dominica and can 
be used as an eco-friendly approach for stored product pest management.
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Introduction

A number of insects cause infestation to stored cereals 
and their products (Stejskal et al. 2015). These insects are 
responsible for 10 to 20 percent damage to stored wheat 
(Khan et al. 2010). Post-harvest losses in stored cereals are 
up to 9% in developed countries while in developing coun-
tries these are 20% (Phillips and Thorne 2010).

Worldwide, Rhyzopertha dominica is the major primary 
insect pest of stored cereals and food commodities that 

has the ability to cause quantitative and qualitative losses 
(Mason and McDonough 2012). It is the common cosmo-
politan pest of food storages (Haines 1991) that can move 
down to a depth of 12 m into the grain mass, which is deeper 
as compare to other grain beetles (Flinn et al. 2010).

Currently, the main strategy to control stored product 
insect pests in warehouses is the phosphine fumigation along 
with the use of residual insecticides for surface treatment 
as grain protectants (White and Leesch 1996; Yasir et al. 
2021). Unfortunately, these insecticides cause contamina-
tion of food with toxic pesticide residues (Shojaaddini et al. 
2008; Debnath et al. 2011). Moreover, the development 
of pesticide resistance in stored product pests is the major 
issue in stored product pest managment (Lorini et al. 2006). 
Keeping in view the pest resistance and pesticide residues, 
it seems that chemical control is an approach that has limita-
tions for sustainable pest management. Therefore, in recent 
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decades, researchers are working on alternative strategies 
e.g. application of plant extracts, inert dusts (diatomaceous 
earth), microbial biopesticides and nanoparticles for sustain-
able pest management (NPs) (Chanbang et al. 2007; Liu 
et al. 2008; Debnath et al. 2011; Shafighi et al. 2014; Ziaee 
and Ganji 2016).

Plant products are cheaper biopesticides (Mishra et al. 
2012) that are potentially suitable for integrated management 
of stored product insect pests (Saxena 1989; Schmutterer 
1992). Eucalyptus extract contains bioactive compounds 
that have antifungal, antibacterial, antioxidative, fumigant 
and insecticide activities (Batish et al. 2008; Martins et al. 
2013; Sebei et al. 2015, Rossi and Palacios 2015). The leaf 
powder of E. globulus has insecticidal bioactivity against 
Callosobruchus maculatus (F.) (Coleoptera: Chrysomeli-
dae) a pest of gram seeds by reducing the insect oviposition, 
progeny emergence and grain infestation rates (Rahman and 
Talukder 2006).

Nanomaterials have great potential for their application 
in plant protection and nutrition due to their size-dependent 
qualities, high surface to volume ratio and unique opti-
cal properties (Oskam 2006; Puoci et al. 2008). In recent 
years, nanotechnology has emerged as a brilliant approach 
to develop more efficient products for pest control (Rouhani 
et al. 2012). In general, nanotechnology can be defined as 
manipulation of materials at the atomic level by a combi-
nation of engineering, chemical, and biological approaches 
(Cauerhff and Castro 2013). According to British Standards 
Institution nanotechnology is the manipulation and control 
of matter on the nanoscale dimension by using scientific 
knowledge of various industrial and biomedical applications 
(PAS 71:2011).

This technology is helpful for employing nanosized parti-
cles and nanoformulations of pesticides for sustainable man-
agement of insect pests (Khot et al. 2012). Nanoparticles 
are being used in many fields of agricultural biotechnology 
(Rahman et al. 2009) and have the potential to be used as 
insecticides (Leider and Dekorsy 2008). Silver nanoparticles 
have widely been used (Ki et al. 2007; Arjunan et al. 2012; 
Marimuthu et al. 2011) along with aluminum nanoparticles 
(Stadler et al. 2010, 2012) and nanosilica (Debnath et al. 
2011; Barik et al. 2012) for the management of indoor and 
outdoor pests across the world. Surface-functionalized silica 
nanoparticles are good substitute to conventional pesticides 
and showed very effective results against Sitophilus oryzae 
(L.) (Coleoptera: Curculinidae) (Debnath et al. 2011).

Different strategies are employed for the synthesis of nan-
oparticles. The traditional physicochemical methods have 
environmental concerns due to toxic compounds formed as 
byproducts. Physical methods require high temperature and 
pressure whereas chemical and biological methods require 
room temperature and pressure for reducing and stabilizing 

the nanoparticles. Green synthesis method is a fast, eco-
nomical, simple, environment friendly and reproducible 
approach to prepare nanoparticles (Mukherjee et al. 2001).

Nowadays, metal oxide nanoparticles are receiving 
remarkable attention, as they can transform the viable con-
ventional to unconventional materials in various fields of 
solid state. Metal oxide nanoparticles are being basically 
used as a heterogeneous nanocatalyst in a variety of organic 
transformations as they contain high surface area than their 
bulk counterparts (Iravani 2011 and Kavitha et al. 2013). 
Nanopesticides (NPs) seem to be environment friendly 
(Jiang et al. 2010). Nanoparticles can be helpful in applica-
tion of pesticides at reduced dose rate (Perez de Luque and 
Rubiales 2009) or can boost the effectiveness of insecticidal 
formulations (Liu et al. 2008; González et al. 2014; Patil 
et al. 2016).

Thus nanotechnology will reform agriculture including 
management of different insect pests of stored grains in 
near future. Green synthesized ZnO-NPs have not been used 
against R. dominica for their biocidal and growth inhibitory 
potential. Therefore, the current study was planned to evalu-
ate the insecticidal potential of E. globulus leaf extract and 
green synthesized ZnO-NPs against R. dominica.

Materials and methods

Insect culture

Heterogeneous population of R. dominica was collected 
from grain market and farmer storages located in district 
Faisalabad, Punjab, Pakistan. These insects were reared on 
sterilized wheat grains in plastic jars placed in cooled incu-
bator maintained at optimum growth conditions (30±2 °C 
and 65±5% R.H.) to get the F1 population of uniform age 
that was used for further bioassay studies.

Preparation of plant extracts

Leaves of E. globulus were collected, washed with water and 
dried in shade. Dried leaves were converted into fine pow-
der using an electric grinder. The rotary shaker was used to 
prepare the extract from leaf powder. In a flask, 50 g of leaf 
powder was taken in 200 ml acetone. The mixture contain-
ing flask was placed on rotary shaker at 220 rpm for 72 h. 
After that the extract was filtered out using the filter paper 
(whatsman No.1). To get the fine material, the extract was 
also centrifuged for 20 min. The course particles were set-
tled down and fine plant extract was separated into beaker. 
The filtrate was placed in a rotary evaporator to get the pure 
extract. The pure extract was stored in a refrigerator at 4 °C 
before their use for bioassay studies.
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Synthesis of ZnO‑ NPs

For the synthesis of ZnO-nanoparticles, 50 ml plant extract 
was taken in 100 ml beaker and boiled at 70–80 °C. Then, 
4gm of Zinc nitrate hexahydrate was added slowly into the 
hot plant extract, which will be converted into reddish brown 
colored solution. This reaction mixture was heated at 70–80 
°C with magnetic stirring. As the reaction progressed, the 
color of the solution slowly changed from reddish brown 
to pale yellow indicating the formation of ZnO-NPs. The 
heating process remained continue until the formation of 
reddish-orange colored paste. The paste was transferred to 
ceramic crucible followed by heating at 400 °C for 2 h. The 
obtained pale white colored powder was used for further 
studies (Aminuzzaman et al. 2018).

Characterization of the synthesized nanoparticles

UV–Vis spectroscopy analysis was done for characteriza-
tion of green synthesized ZnO-NPs at room temperature 
using UV spectrophotometer. The optical absorbance of 
bio-reduction metal oxide ions in the solution was meas-
ured in the range of wavelengths 300–800 nm. The results 
were recorded and the absorption curve was created. UV- 
Vis spectroscopy is generally known to study size and shape 
controlled particles in aqueous suspensions. The average 
particle size was determined by Particle Size Analysis.

The Scanning Electron Microscope analysis was done 
from Lahore University of Management Sciences (LUMS). 
The surface morphology, size, shape and structure of the 
green synthesized nanoparticles were investigated by Scan-
ning Electron Microscopy (SEM).

Bioassays

Bioassay to evaluate the toxicity of different 
concentrations of plant extracts

For the determination of toxicity of plant extract, experiment 
was carried out in petri dishes having size 9cm diameter and 
whatsman filter paper No.1 was used for bioassay. Different 
concentrations (300, 600, 900, 1200, 1500 and 1800 ppm) of 
E. globulus leaf extract were sprayed on filter papers which 
were allowed to dry at room temperature for 10 min. The filter 
papers treated with acetone alone were used as control. Thirty 
adults of R. dominica were released in each petri dish. Five 
wheat grains were placed in each petri dish as food to avoid 
starvation of insects. After that petri dishes were covered by 
the lid using adhering tape. All petri dishes were kept in incu-
bator at 30±2 °C and 65±5% R.H. Experimental design was 

factorial under CRD. Whole experiment was repeated four 
times. Mortality of beetles was observed after 3,7,11 and 15 
days of application of phytochemicals.

Bioassay to evaluate the toxicity of green 
synthesized nanoparticles

To evaluate the insecticidal bioactivity of green-synthesized 
nanoparticles, six concentrations (100, 200, 300, 400, 500 and 
600 ppm) of ZnO-NPs were applied on filter papers, after dry-
ing these were placed in petridishes. In control treatment, the 
filter-papers were treated with acetone only. Thirty adults of R. 
dominica were released in each petri dish. Five wheat grains 
were placed in each petri dish as food to avoid the chances of 
insect starvation during exposure period. The petri dishes were 
covered by lid using adhereing tape. All petri dishes were kept 
in incubator at 30±2 °C and 65±5 R.H. Factorial CRD design 
was followed for the experiment. The experiment was repeated 
four times. Mortality data of treated insects were observed 
after 3,7,11 and 15 days of treatment.

Growth inhibitory effect of plant extracts and green 
synthesized nanoparticles

Seven lots of 200 gm of sterilized wheat grains were taken 
in plastic containers. Grains were spread in the trays in a thin 
layer for uniform application of the test products. One lot of 
wheat grains was treated with 300 ppm of E. globulus leaf 
extract with the help of hand sprayer. 5ml of solution was used 
to treat the grains. Similarly other 5 lots were treated with 600, 
900, 1200, 1500 and 1800 ppm of plant extract separately. 
One lot of grains was treated with acetone and considered as 
control. From each treated lot, 50-gram sample was taken in 
small plastic jars (11 cm height × 6.5 cm width) which served 
as experimental unit. Thirty adults of Rhyzopertha dominica 
were released in each jar. Jars were covered with muslin cloth 
and placed in the incubator at 30± 2 °C and 65±5 R.H. Facto-
rial CRD design was followed for the experiment. Similar pro-
cedure was followed to evaluate the growth inhibitory effect 
of green synthesized ZnO-NPs using six dose rates (100, 200, 
300, 400, 500 and 600 ppm). Each experiment was repeated 
four times. Data regarding population build up were recorded 
after 30 days.

Statistical analysis

Mortalities were corrected by using Abbott’s formula (Abbott 
1925).

The mortality data were analyzed statistically using  Statis-
tix 8.1 Analytical software (2003)  for analysis of variance 

Corrected Mortality =

Observed mortality − Control mortality

100 − Control mortality
× 100
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(ANOVA) to determine the variation among concentrations 
and exposure periods. Means of significant treatments were 
computed using the Tukey-(HSD) test at α=0.05. LC50 was 
calculated using the Probit analysis (Finney 1971).

Growth inhibition of F1 progeny of R. dominica was cal-
culated by using following formula (Yasir et al. 2019).

Where t = the total number of insects developed in treated 
commodity

c = the total number of insects developed in control 
treatment

Results

The size reduction of zinc ions into ZnONPs were observed 
as the color changed from reddish brown to pale yellow indi-
cating the formation of ZnO-NPs. The diluted solution of 
synthesized zinc oxide nanoparticles was analyzed by UV- 
Vis spectrophotometer to check the maximum absorption of 

% inhibition of F1 progeny = (1 − t/c) × 100

ZnONPs. The maximum peak with wavelength 370 nm was 
recorded (Fig. 1). It indicates that maximum given peak of 
ZnONPs displayed excitation absorption (at 370 nm) due to 
their large excitation binding energy and sharp band, it means 
that zinc ions were efficiently reduced by the plant extract.

The average particle size of green synthesized nanopar-
ticles is 186.7 nm (Table 1). The results given in Fig. 2 rep-
resent the size distribution curve of ZnO-NPs in which the 
particle distribution is more uniform with a narrow range.

Scanning Electron Images (SEM) of green synthesized 
ZnO-NP (magnified×10000-300000) given in Fig. 3 show 
that ZnO-NPs are approximately spherical, flower and wal-
nut shaped. The results also represent that these nanoparti-
cles are crystalline in structure.

Toxicity of E. globulus leaf extract and green 
synthesized ZnO‑nanoparticle

The mortality data in response of six dose rates of plant 
extract and ZnO-NPs were recorded after 3, 7, 11 and 
15 days of treatment application. The analysis of vari-
ance (ANOVA) shows that all concentrations (df = 5, 

Fig. 1   UV–visible spectroscopy 
of green synthesized ZnO-NPs
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Fig. 2   Particle size distribution curve for ZnO-nanoparticles
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F = 445.90, P = 0.0000) and exposure periods (df = 3, 
F = 173.13, P = 0.0000) had significant effect on mortality 
while their interaction effect (df = 15, F = 2.04, P = 0.239) 
was not significant. The highest mortality (62.5%) of 
R. dominica was observed at 1800 ppm dose rate of E. 

globulus leaf extract after 15 days of exposure time while 
the minimum mortality was (10.8%) after 3 days. High-
est mortality values 48.3, 54.3, 58.9 and 62.5% with 
1800 ppm were observed after 3, 7, 11 and 15 days respec-
tively. The results regarding mean mortality were found to 

Fig. 3   (a-f) Scanning Electron Microscope (SEM) images of green synthesized ZnO NPs
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be dose and exposure time dependent (Table 2). The high-
est LC50 (1982.11 ppm) was recorded after 3 days while 
lowest LC50 was 1043.06 ppm after 15 days. The results 
show that as the exposure period increased the LC50 value 
decreased (Table 3).

In case of ZnO-NP, the analysis of variance (ANOVA) 
of mortality data of R. dominica treated with different 
concentrations after different exposure times show that 
all concentrations (df = 5, F = 470.93, P = 0.0000) and 
exposure periods (df = 3, F = 245.35, P = 0.0000) had 
significant effect on mortality. Similarly their interac-
tion effect (df = 15, F = 3.05, P = 0.0008) was also sig-
nificant. The maximum mortality (80.5%) of R. dominica 
was observed at 600 ppm dose rate of green-synthesized 
ZnONPs after 15 days of exposure time. While the mini-
mum mortality (17.5%) was observed at 100 ppm dose 
rate of ZnO-NPs after 3 days of exposure time. In case of 
different exposure periods, the highest mortality values 
55, 66.1, 73.2 and 80.5% were observed against 600 ppm 
after 3,7,11 and 15 days respectively. The results show-
ing mean mortality were found to be dose and exposure 
time dependent (Table 4). The LC50 values decreased 
from 564.77 ppm to 202.11 ppm as the exposure time  
increased which indicates the efficacy of the green- 
synthesized ZnONPs increased with the increase of expo-
sure period (Table 5).

Growth inhibitory effect of Eucalyptus globulus leaf 
extract and ZnO‑NPs

In another experiment, the effect of E. globulus leaf extract 
and green synthesized ZnO-NPs on growth inhibition of F1 
progeny of R. dominica developed on diet treated with dif-
ferent concentrations was observed after 30 days exposure 
time. The growth inhibition (%) increased with the increase 
in dose rate of bio-insecticides at the same duration. In case 
of E. globulus leaf extract 75.7% growth inhibition was 
observed at 1800 ppm dose rate, while 35.6% inhibition at 
300 ppm dose rate. In case of ZnO-NPs the highest growth 
inhibition was 87.0% of F1 progeny of R. dominica with 
600 ppm dose rate while lowest inhibition was 55.7% at 
100 ppm was observed (Table 6).

Discussion

In this study ZnO-NPs were synthesized using E. globulus 
leaf extract as reducing agent by green synthesis method 
and characterized by UV Vis-Spectroscopy, Particle Size 
Analysis (PSA) and Scanning Electron Microscope (SEM). 
Our results regarding characterization of ZnO-NPs with UV 
Vis-spectroscopy analysis absorption at wavelength 370 
nm are supported by Aminuzzaman et al. 2018 who found 
the absorption peak at wavelength of 375 nm of ZnO-NPs. 
According to our results regarding particle size of ZnO-NPs, 
the average size of green synthesized ZnO-NPs was found 
180.7 nm and these are also in accordance with Alam et al. 

Table 1   Particle size analysis of 
green-synthesized ZnO-NPs

a d.nm = diameter in nanometer, bPdI = Polydispersity index

Size (d.nm) %age intensity St Dev (d.nm)

Z-Average a(d.nm): 186.7 Peak-1 199.2 100.00 48.04
bPdI: 0.081 Peak-2 0.0 0.0 0.00
Intercept: 0.915 Peak-3 0.0 0.0 0.00

Table 2   Percentage corrected mortality (Mean ± SE) of Rhyzoper-
tha dominica adults caused by different concentrations of Eucalyptus 
globulus leaf extract at different exposure periods

Means (within the same column) with same letters are not signifi-
cantly different
Means of significant treatments were computed using the Tukey-
(HSD) test at α = 0.05
n (number of replications) = 4

Concen-
trations 
(ppm)

Exposure times (days)

3 7 11 15

300 10.8 ± 0.83d 20.7 ± 1.99c 22.3 ± 0.89d 26.8 ± 1.03e
600 23.3 ± 1.36c 25.0 ± 1.65c 35.7 ± 1.45c 38.4 ± 1.70d
900 27.5 ± 1.59c 34.5 ± 1.41b 39.3 ± 1.45c 45.5 ± 0.89c
1200 35.8 ± 0.83b 37.9 ± 1.41b 45.5 ± 0.89b 52.7 ± 0.89b
1500 44.2 ± 0.83a 49.1 ± 0.86a 55.4 ± 1.03a 57.1 ± 1.45ab
1800 48.3 ± 0.96a 54.3 ± 1.65a 58.9 ± 1.03a 62.5 ± 1.03a

Table 3   Toxicity of Eucalyptus globulus leaf extract against adults of 
Rhyzopertha dominica 

a LC50 = Lethal concentration that kills 50% of the exposed insects. 
bFiducial limits = Lower and Upper limits. cχ2 = Chi-square values. 
ddf = degree of freedom
n (number of replications) = 4, α = 0.05

Exposure 
time 
(days)

aLC50 (ppm) bFiducial limits cχ2 S.E Slope

3 1982.11 1178.94 − 3332.45 1.0 0.11 1.51
7 1769.06 938.79 − 3333.64 0.9 0.14 1.20
11 1285.50 700.80 − 2358.03 1.00 0.13 1.23
15 1043.06 557.52 − 1951.44 1.00 0.14 1.19
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2019 who reported the average size of green-synthesized 
Fe2O3NPs in range of 56-350 nm. Similarly Scanning Elec-
tron Microscope results of ours study are in good agree-
ment of findings of Pal et al. 2018 who reported that green 
synthesized ZnONPs are spherical and crystalline in nature. 
Phenols the major phytochemical components (Santos et al. 
2011; Campos et al. 2002) are present in extract of E. globu-
lus. In addition, phytochemicals e.g. flavonoids, glycosides, 
tannins, saponins, terpenoids and reducing sugars, involved 
in the bio-reduction of metal ions (Godghate and Sawant 
2014) are also present in E. globulus leaf extract. The poly-
phenols such as quercetin-glucuronide, epicatechin, (Santos 
et al. 2012) and flavonoids (Sheny et al. 2012; Raghunandan 
et al. 2009) present in E. globulus facilitate in transforming 
the shape of nanoparticles.

In the present study, the toxic effect of E. globulus leaf 
extract and green synthesized ZnO-NPs was evaluated 
against lesser grain borer. Plant extract had insecticidal 
effect on adults of R. dominica. Both eco-friendly biope-
sticides showed effective results but green synthesized 
ZnONPs showed more efficacy than E. globulus leaf extract. 
According to results of our experiments, morality of lesser 
grain borer increase with the increase in concentration 
of plant extract. Similarly with the increase of exposure 
period mortality of test insects also increased. Our results 

also revealed that as LC50 value decreased mortality of the 
insects increased which showed the efficacy of test products. 
The results of this study are supported by Malaikozhundan 
et al. (2017) who explained the insecticidal toxicity of Bt-
ZnO nanoparticles against Callosobruchus maculatus and 
found that these nanoparticles were much effective in the 
control of C. maculatus. Wazid et al. (2018) also investigated 
the insecticidal effect of zinc oxide nanoparticles against 
C. maculatus at different concentrations and recorded that 
as the concentrations and post treatment exposure time 
increased, the mortality also increased. Malaikozhundan 
and Vinodhini (2018) tested Pongamia pinnata coated zinc 
oxide nanoparticles against C. maculatus and results showed 
that due to Pp-ZnO NPs there was reduction in reproduction 
rate and hatchability of C. maculatus. Furthermore, 100% 
mortality of C. maculatus was observed due to Pp-ZnO NPs 

Table 4   Mean Mortality (%) of 
Rhyzopertha dominica caused 
by different concentrations of 
green-synthesized ZnONPs 
using Eucalyptus globulus leaf 
extract at different exposure 
periods

Means (within the same column) with same letters are not significantly different
Means of significant treatments were computed using the Tukey-(HSD) test at α = 0.05
n (number of replications) = 4, α = 0.05

Concentrations 
(ppm)

Exposure times (days)

3 7 11 15

100 17.5 ± 0.83f 23.2 ± 1.03d 28.57 ± 1.45e 37.0 ± 1.51e
200 24.2 ± 1.59e 26.8 ± 1.78d 33.03 ± 0.89e 49.1 ± 1.77d
300 32.5 ± 1.59d 41.9 ± 1.71c 47.32 ± 1.70d 53.7 ± 1.85 cd
400 39.2 ± 1.59c 52.7 ± 1.71b 58.93 ± 1.78c 61.1 ± 1.85c
500 49.2 ± 0.83b 58.0 ± 1.71b 66.1 ± 1.03b 71.3 ± 1.77b
600 55.0 ± 0.96a 66.1 ± 1.03a 73.2 ± 1.03a 80.5 ± 1.77a

Table 5   Toxicity of green-synthesized ZnONPs using Eucalyptus 
globulus leaf extract against adults of Rhyzopertha dominica 

a LC50 = Lethal concentration that kills 50% of the exposed insects. 
bFiducial limits = Lower and Upper limits. cχ2 = Chi-square values. 
ddf = degree of freedom
n (number of replications) = 4, α = 0.05

Exposure 
time (days)

aLC50 (ppm) bFiducial limits cχ2 S.E Slope

3 564.77 322.91- 987.77 0.99 0.12 1.37
7 371.38 227.33- 606.71 0.97 0.11 1.53
11 285.22 177.05- 459.46 0.97 0.11 1.58
15 202.11 118.09- 345.88 0.99 0.12 1.41

Table 6   Growth inhibition (Mean ± SE) of F1 progeny of Rhyzoper-
tha dominica caused by different concentrations of Eucalyptus globu-
lus leaf extracts and green synthesized ZnO-NPs after 30 days

Means (within the same column) having similar letters are not sig-
nificantly different. = 100*(1-t/c), where t is the number of adults in 
treated grains, and c is the number of adults in control
n (number of replications) = 4, α = 0.05

Test Product Concentrations 
(ppm)

Growth inhibition 
(%)

E. globulus leaf extract 300 35.6 ± 1.76e
600 39.8 ± 1.56de
900 44.5 ± 1.75d
1200 53.9 ± 1.48c
1500 64.9 ± 1.61b
1800 75.7 ± 1.36a

Green synthesized 
ZnO-NPs

100 55.7 ± 1.50d
200 63.5 ± 1.92c
300 69.4 ± 1.72c
400 76.0 ± 1.21b
500 82.5 ± 0.77ab
600 87.0 ± 1.40a
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at dose 25 μg /mL. Stadler et al. (2012) successfully applied 
nano alumina and found 100% mortality of S. oryzae. Effec-
tiveness of green zinc oxide nanoparticles may be attrib-
uted due to damage to protective wax coat on the cuticle 
of insects, both by sorption and abrasion so that the insects 
begin to lose water and die due to desiccation (Arumugam 
et al. 2015). The nanotechnology is greatly helpful for ecof-
riendly sustainable pest management, as nanoparticles show 
different electrical conductance, physical strength, biochem-
ical activity, and magnetic properties (Nykypanchuk et al. 
2008). Plant extracts can be proficiently employed for the 
synthesis of silver and gold nanoparticles as good reducing 
agents. With the use of plant extracts, the shape and size can 
easily be controlled. These types of nanoparticles produced 
using plants have been applied in a variety of applications 
for human benefit (Kumar and Yadav 2009).

In present study, the growth inhibitory effect of both E. 
globulus leaf extract and green synthesized ZnO nanopar-
ticles on the F1 progeny of R. dominica was also observed 
after 30 days. The results showed that both E. globulus leaf 
extract and green synthesized ZnO-NPs had notable effect 
but green synthesized ZnO-NPs were more efficient. The 
results of current study are supported by Doaa and Nilly 
(2015) who used silica nanoparticles against three main 
stored grain insect pests S. oryzae, R. dominica and C. 
maculatus and results were complete reduction in F1 prog-
eny obtained for all the three pest. Salem et al. (2015) used 
aluminium oxide and zinc oxide nanoparticles against Tri-
bolium castaneum (Herbst) (Coleoptera: Tenebrionidae) 
and obtained good results regarding mortality and growth 
inhibition.

Conclusion

The present study showed good toxicity of E. globulus leaf 
extract and green synthesized zinc oxide nanoparticles 
(ZnO-NPs) against R. dominica. Green synthesized ZnO-
NPs showed more toxicity than E. globulus leaf extract, 
Moreover, green synthesized ZnO-NPs has reduced the 
progeny development of the treated insects showing good 
growth inhibitory effect. Thus, green synthesized ZnO-NPs 
can be an alternative of conventional insecticides and can 
be used for ecofriendly sustainable management of stored 
product pests.
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