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Abstract

HANIF, Ch. M. Sh., M.-UL-HASAN, M. SAGHEER, Sh. SALEEM, S. AKHTAR and M. IJAZ, 2016. Insecti-
cidal and repellent activities of essential oils of three medicinal plants towards insect pests of stored wheat. Bulg.
J. Agric. Sci., 22: 470-476

The present study was carried out to assess the efficacy of essential oils of some indigenous plants Melia azadarach
(Bakain), Azadirachta indica (Neem) and Datura stramonium (Datura) for their potential repellent and mortality efficiencies
against three most important insect pests of stored grain (7ribolium castaneum, Rhyzopertha dominica and Trogoderma gra-
narium). Experiment was performed at Grain Research, Training and Storage Management Cell of the Department of Agri.
Entomology, University of Agriculture Faisalabad. Three concentrations viz., 5%, 10% and 15% of essential oils with three
replications were applied. The results advocated Azadirachta indica, the most effective repellant against Tribolium castaneum
and Rhyzopertha dominica with maximum of 77.66% and 81.48% repellency respectively. While Datura stramonium depicted
highest repellency (76.43%) against Trogoderma granarium. For mortality assay, data was collected after 24, 48h and 72hr
of treatment with plant oils. The highest mortality of Tribolium castaneum and Trogoderma granarium was observed against
Datura stramonium which was 28.82 and 24.30% respectively. While in case of Rhyzopertha dominica observed maximum
mortality was 25.45% against Azadirachta indica. Results of the study strongly recommend the use of essential oils as stored
grain protectant.
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Introduction

Wheat (Triticum aestivum L.) is main cereal crop with the
major area under cultivation in Pakistan which plays a vital
role in improving the economic stability of the country. Wheat
is used as staple food by Pakistan’s 188.2 million of popu-
lation which is increasing day by day with a growth rate of
1.95% (GOP, 2013-14). Food with better quality is always
required for a nation to cherish people and to become stron-
ger among the world society (Ahmad, 2009). Its importance is
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understood by the reality that it contributes 10.3% to the value
added in agriculture and 2.2% to GDP (GOP, 2013-14).

In field fortunately this crop has no insect enemy. But
during storage heavy qualitative and quantitative damage by
insects is recorded (Parsad et al., 1977). A valuable loss of
15.3% is also been observed by Chaudhary (1980). The post-
harvest losses of wheat grain have been reported to 10—-15%
in Pakistan (Ahmad et al., 1994). Wheat grain losses due to
insect pest infestation have been estimated up to 10 to 20%
(Ramzan et al., 1991; Khan et al., 2010). Sitotroga cerellella,
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Tribolium castaneum, Rhyzopertha dominica and Sitophilus
spp. were the most commonly found live insects in the 75%
of the sample taken (Khan et al., 2010)

It is recorded that there are almost 1660 insect pest spe-
cies which attack on stored agricultural products after har-
vesting during storage period (Hagstrum and Subramanyam,
2009). While Tribolium castaneum, Rhyzopertha dominica,
Sitotroga cerellella, Trogoderma granarium and Sitophilus
spp. were recorded as most commonly found live insects
in the 75% of the sample taken (Khan et al., 2010). Stored
wheat is damaged by a number of stored grain insect pests
out of which Trogoderma granarium is one of the most de-
structive pests of stored grain throughout the world (Burges,
2008; Mark et al., 2010). Red flour beetle (7. castaneum) is
a major secondary pest which feed on processed or already
damaged grains by primary pests and causes economic loss
throughout the world (Danahaye et al., 2007). A survey car-
ried out by Irshad and Talpur (1993) showed Rhyzopertha
dominica F, Tribolium castaneum (Herbst) and Sitotroga ce-
rellela most commonly found and economic damage causing
insect pests of stored wheat in Pakistan.

From last many decades various types of fumigants and
synthetic insecticides are mostly used for the control of
stored grain pests but the frequent use of these pesticides has
made the pest strains resistant against these pesticides (Sub-
ramanyam and Hagstrum, 1995).

Methyl bromide proved itself as an efficient fumigant
against insect pests of stored grains (Le Goupil, 1932).
Moreover nonflammable, noncorrosive and insignificant
contaminations to commodities were the properties which
made it more suitable for insect control (Bond, 1984). Later
on in a meeting in 1992 it was agreed to reduce its use and
to find replacement because of its active role in ozone deple-
tion (Shaaya and Kostyukovsky, 2006). On the other hand
many important insect pests of stored grain (R. dominica,
T. castaneum and O. surinamensis) have developed resis-
tance against phosphine by reducing the respiration rate for
minimum phosphine uptake (Pimentel et al., 2007). In this
scenario it was necessary to search and evaluate better al-
ternative control strategies (essential oils) to control these
economic loss causing insect pests of stored grain.

Volatile compounds produced by higher plants are re-
sponsible for plant to plant interaction, defense mechanism
and for attracting pollinators (Batish et al., 2008). These vol-
atile compounds (essential oils) have also shown their insec-
ticidal efficiencies against stored grain insect pests (Bakkali
et al., 2008). Diverse effects have been exhibited by essential
oils against insect pests of stored products (Papachristos and
Stamopoulos, 2002). Some of these essential oils showed
acute toxicity against insects(Weaver et al., 1994) while oth-

ers have anti feeding (Huang et al., 1997), fumigant (Shaaya
et al., 1997), repellent (Ndungu et al., 1995), development
inhibition or may interact with biochemical and physiologi-
cal processes of insect pests (Talukder, 2006).

Present investigation aimed to assess the insecticidal ac-
tivities of essential oils, towards Tribolium castaneum, Tro-
goderma granarium and Rhyzopertha dominica.

Materials and Methods

Collection and rearing of insects

Tribolium castaneum, Trogoderma granarium and
Rhyzopertha dominica populations was collected from go-
downs of flour mills and grain market from Faisalabad, Paki-
stan. After collection, the insect population was kept in the
jars and was covered with muslin cloths to prevent escape.
Insect population was regularly checked for their growth,
and was sieved and transferred to new un infested wheat
flour diet. Temperature 30 + 2°C and relative humidity at
65 + 5% was maintained using incubator (Model MIR-254,
SANYO) in for maximum insect growth. Homogenous pop-
ulation of equal size and age was sieved out which later on
was used for bioassay studies.

Preparation of plant extracts and essential oils

Weighed amount of fully mature fresh plant leaves of
each botanical (Azadirachta indica, Melia azadarach and
Datura stramonium) were grinded separately after shade dry-
ing at room temperature. For extraction of oil, grinded sam-
ples were run on Soxhlet’s apparatus (Model WHM 12295,
DAIHAN Scientific Co., Ltd.) with acetone as solvent in
the flask. Solvent was evaporated leaving the essential oil.
Different concentrations of 5, 10 and 15% were prepared by
adding acetone for subsequent experiments.

Contact toxicity of essential oils

Experiment was carried out in 90 mm Petri dish lined
with whatman No 1 filter paper. Different concentrations (5,
10 and 15%) of essential oils of Datura stramonium, Aza-
dirachta indica and Melia azadarach were applied on the
filter paper and left the filter paper to air dry. Acetone alone
was applied on filter paper as control. Twenty adults of 7.
castaneum and R. dominica and grubs of T. granarium were
released separately in the Petri dish and covered it. Each
treatment was replicated three times. Completely Random-
ized Design (CRD) was followed for the experiment. Percent
mortality was recorded after 24, 48 and 72 hours. The surviv-
ing individuals of each treatment were transferred into the
new clean jars containing sterilized wheat flour and grains.

The mortality (%) was corrected by Abbots’s formula:



472 Ch. M. Sh. Hanif, M.-Ul-Hasan, M. Sagheer, Sh. Saleem, S. Akhtar and M. ljaz

Corrected Mortality = (M_—M /100 —M ) x 100,
where, M_ = Observed mortality, M_= Control mortality.

Repellent impact of essential oils

Area Preference Method was followed for the evaluation of
repellant activities of the essential oils (Caballero-Gallardo et
al., 2011). Filter papers were cut in two halves. Different con-
centrations (5, 10, and 15%) of solution were applied to half a
filter paper disc uniformly with a micropipette. The other half of
the filter paper was treated with acetone alone as a control. The
treated and untreated halves were air dried and attached to their
opposite sites using adhesive tape and placed in Petri dishes.
Twenty adults of each insect species were released separately at
the center of each filter paper. The dishes were then covered and
placed in dark. Three replications were used for each concentra-
tion. Observations on the number of insects present on treated
and untreated halves were recorded after 24 hours in mild light
to evaluate the repellency of these oils.

The following formula for the calculation of percentage re-
pellency (PR) was used as described by Asawalam et al. (2006):

(N —Np)
PR=——"-x100,
(N, + Ni)
where N_ = number of insects on the control (untreated) area;
N, = number of insects on the treated area.

Statistical analysis

Statistical analyses of all collected data of percent mor-
tality were subject to analysis of variance using Statistica-8
software. Means of significant treatments were compared us-
ing Tuckey HSD test at a2 = 5%.

Results

Repellent effect of plant essential oils

Data regarding percent repellency of T. castaneum, T.
granarium and R. dominica against Melia azadarach Azadi-
rachta indica and Datura stramonium revealed that percent-
age repellency of T. castaneum was concentration dependent
i.e increase in concentration resulted in higher repellency
percentage. It is evident from the Figure 1 that repellency
significantly increased with the increase in concentration of
essential oil. Azadirachta indica was found more effective
showing maximum repellency (77.66%) at 15% (heighest)
concentration, while in case of D. stramonium and M. azada-
rach highest repellency observed was 70.80% and 74.25% at
15% concentration respectively. Similarly in case of Rhyzop-
ertha dominica most effective essential oil was Azadirachta
indica (Figure 2) showing highest repellency (81.48%) at
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Fig. 1. Comparison of the means of the data regarding
repellency percentage of Tribolium castaneum at differ-
ent concentrations of oil of Melia azadarach, Azadirachta
indica and Datura stramonium
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Fig. 2. Comparison of the means of the data regarding
repellency percentage of Rhyzopertha dominica at differ-
ent concentrations of oil of Melia azadarach, Azadirachta

indica and Datura stramonium
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Fig. 3. Comparison of the means of the data regarding

repellency percentage of Trogoderma granarium at dif-

ferent concentrations of oil of Melia azadarach, Azadi-
rachta indica and Datura stramonium
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15% concentration, followed by Melia azadarach (74.23%)
and Datura stramonium (72.51%) at 15 % concentration.
While T granarium was most effectively repelled against
Datura stramonium (76.43%) and least (60.48%) against
Melia azadarach (Figure 3)

Table 1

Percent Mortality of adult of Tribolium castaneum (Herbst) against different essential oil concentrations of

Melia azadarach, Azadirachta indica and Datura stramonium

Insecticidal efficiencies of plant essential oils
All essential oils studied in this experiment showed sig-
nificant toxicity against 7. castaneum, T. granarium and R.
dominica. Mean toxic effect of D. stramonium was higher
than other essential oils against 7. castaneum, T. granarium

Time (h) Concentration (%) Mean Mortality + S.E*

M. azadarach | A. indica | D. stramonium
24 5 342+£293d 5.17+1.72e 5.10+2.93¢
24 10 6.81 +1.69 cd 12.07 £2.98 cd 10.18 £ 1.69 de
24 15 11.89 £ 1.69 bed 18.96 £ 1.72 be 13.57 £ 1.69 cde
48 5 8.51 £2.93 bed 10.35+1.72 cd 13.57 £2.93 cde
48 10 13.59 £2.93 abed 15.52 +1.72 bed 18.65 £2.93 bed
48 15 16.98 + 1.69 abc 24.14 +3.44 ab 18.65 £2.93 bed
72 5 16.98 +1.69 abc 15.52 +1.72 bed 23.74 +3.05 be
72 10 18.67 £2.93 ab 24.52 +1.72 ab 27.13 £ 1.69 ab
72 15 23.75+293 a 3448+1.72 a 35.60+1.69a
Table 2

Percent Mortality of adult of Rhyzopertha dominica against different essential oil concentrations of Melia azadarach,

Azadirachta indica and Datura stramonium

Time (h) Concentration (%) Mean Mortality + S.E*

M. azadarach | A. indica | D. stramonium
24 5 510£1.69 e 342+1.69 ¢ 510+ 1.69 e
24 10 10.18 £1.69 cd 13.59+£2.93 bed 10.18 £ 1.69 cd
24 15 1526 £ 1.69 be 16.98 £ 1.69 be 15.26 + 1.69 be
48 5 11.87 £1.69 cd 8.50+£2.93 cd 11.87£1.69 cd
48 10 16.96 +1.69 be 18.67 +2.93 be 16.96 +1.69 be
48 15 23.74+£293 b 23.75+£2.93 ab 23.74+2.93 ab
72 5 16.96 = 1.69 bc 15.28 +4.48 bed 16.96 + 1.69 be
72 10 22.04£1.69 b 2545+ 1.69 ab 22.04+1.69 b
72 15 3221+£1.69 a 35.61£1.69 a 3231£1.69 a
Table 3

Percent Mortality of adult of 7rogoderma granarium against different essential oil concentrations of Melia azadarach,

Azadirachta indica and Datura stramonium

Time (h) Concentration (%) Mean Mortality + S.E*

M. azadarach | A. indica | D. stramonium
24 5 5.12+1.69 f 1.72+£1.72 ¢ 6.00+0.34 e
24 10 8.50+£1.72 de 6.89 £ 1.69 de 849+293 e
24 15 16.98 £ 1.69 bed 12.07£2.98 cd 11.87£1.69 cd
48 5 10.20£1.69 d 6.89+1.72 de 10.18 £ 1.69 cd
48 10 1528 +1.69 ¢ 12.07£2.98 cd 1526 £ 1.69 bed
48 15 23.75+1.72 ab 18.96 + 1.72 be 18.65+2.93 be
72 5 1528 +1.69 ¢ 13.79 £ 1.72 bed 18.65+2.93 be
72 10 20.36 +1.69 be 20.69+1.72 b 23.74+£2.93 ab
72 15 30.52+£1.69 a 2931+ 1.72 a 31.52+£1.69 a




474 Ch. M. Sh. Hanif, M.-Ul-Hasan, M. Sagheer, Sh. Saleem, S. Akhtar and M. ljaz

while A. indica was observed to kill the highest percentage
of R. dominica. Higher concentrations of essential oils were
found more lethal as increase in concentration significantly
increased mortality against all test insects. Similar trend was
observed in exposure time. It was obvious from results that
contact insecticidal efficiency was significantly higher when
insects were exposed to essential oils for longer period of
time. All the essential oils expressed significant lethal ac-
tions against 7. castaneum. It is clear from the Table 1 that
application of highly concentrated (15%) D. stramonium
produced maximum mortality (35.60%) after 72 h of treat-
ment while minimum mortality was produced by M. aza-
darach (3.42%) at lowest concentration of 5%. Insecticidal
efficiencies of all tested essential oils were also significant
against R. dominica. Highest mean mortality (35.61%) was
exhibited by A. indica (Table 2) followed by D. stramonium
(32.31%), and M. azadarach (32.21%). Effect of different
essential oils was found significant against 7. granarium too
as 31.52, 30.52 and 29.31% mean mortality was exhibited by
D. stramonium, M. azadarach and A. indica respectively. It
is obvious from Table 3 that mortality was considerably high
when test insects were exposed to essential oils for longer
period of time.

Discussion

Studies were carried out to evaluate toxic and repellency
effectiveness of plant essential oils against stored grain in-
sect pests. Data depicted considerable repellency and toxic
bio activities of three indigenous essential oils against three
most important economic loss causing insect pests of stored
grain to possess potential as alternative compounds to cur-
rently used insect-control agents. Similar bio activities of
these essential oils have also been documented by Shaaya
et al., 1991; Huang et al., 2000; Rajendran and Sriranjini,
2008; Batish et al., 2008; Sahaf et al., 2008 and Cosimi et
al., 2009. All the essential oils assessed in this study exhib-
ited significant, time and concentration dependent mortality
against adults of Tribolium castaneum, Trogoderma grana-
rium and Rhyzopertha dominica, however Azadirachta indi-
ca was found more effective with 35.61% mortality against
Rhyzopertha dominica while Datura stramonium was more
effective against Tribolium cataneum and Trogoderma gra-
narium. Previous research testified Azadirachta indica as
potential for the field evaluation as grain protectant (Rahim,
1998; Lale and Mustapha, 2000; Khan and Marwat, 2003).
Similar trend was also observed by Manzoor et al. (2011)
who studied the toxic effects of Melia Azedarach, Mentha
longifolia, Myrtus communis, Cymbopogon citratus and Da-

tura stramonium and found D. stramonium most toxic with
21.43% mortality among all essential oils. Mortality in all
populations of tested insect pests was significantly affected
by dose rate. Insecticidal potential calculated was directly
proportional to concentration. Moreover Percentage of mor-
tality recorded was significantly high when insects were kept
in contact with essential oil for longer period of time. Stud-
ies carried out by Mahfuz and Khanam (2007) were also in
agreement this experiment who reported decrease in lethal
dose (0.681 to 0.289 mg/cm?) of D. stramonium extract
against 7. confusum with increase (24 to 72 h) in exposure
time.
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