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ABSTRACT
Toxicological tests were carried out to evaluate the comparative efficacy of some fungal
(Aspergillus spp and Rhizopus spp) and plant based (Melia azedarach and Polygonum
hydropiper) extracts against red flour beetle (Tribolium castaneum Herbst) under laboratory
conditions; 65 ± 5% (Relative Humidity), 25 ± 2 0C (Temperature) and 8hL: 16hD
(Photoperiod). Oral toxicity data showed that the synthetic insecticide (chlorpyrifos) was by
far, more toxic as compared to the extracts as it killed almost all the test insects within 24
hrs post exposure. However, the extracts, i.e. Aspergillus spp, Rhizopus spp, M. azedarach
and P. hydropiper with mean mortality of 4.0, 3.0, 2.7 and 1.5, respectively proved
significantly more toxic as compared to control having mean mortality of 0.02. The extracts
also caused significant negative impact on the feeding potential of the test insects with
0.23g, 0.32g, 0.31g and 0.24g for Aspergillus spp, Rhizopus spp, M. azedarach and P.
hydropiper, respectively as compared to 0.44g, recorded in control. The contact toxicity test
resulted in almost identical outcomes in terms of mortality and diet consumption as
observed in oral tests. However, owing to relatively slower uptake of the chemicals in case
of contact poisoning, the lethal impact was exerted in longer period of time, hence resulting
in comparatively more diet consumption. The free choice test showed that botanical extracts
(M. azedarach and P. hydropiper) with 0.07g and 0.08g diet consumption, respectively
caused significantly more phagodeterrance as compared to Aspergillus spp (0.13g),
Rhizopus spp (0.11g), and control (0.17g).
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INTRODUCTION
Red flour beetle, Tribolium castaneum
Herbst (Coleoptera: Tenebrionidae) is a
polyphagous pest affecting stored
products worldwide, particularly in warmer
climates (Angelini et al., 2009). About 5-
15% losses occur in different stored
commodities worldwide due to the stored
grain pest (Padin et al., 2002), while in
Pakistan, the losses attributed to stored
grain pests in general range from 10-20%
(Rashid et al., 2012). These losses have
been recorded to be as high as 25-40% in
Africa (Haile 2009). Poor post harvest
practices and improper storage structures
are the major reasons for high amount of
losses in the developing countries.
However, owing to the high damage
potential of these pests, even in the
developed countries like the United
States, losses inflicted by the stored grain
pests run into millions of US dollars (Flinn
et al., 2003).
It has been reported that the life span of
its adult is more than one year (Ridley,
2011). Both, the adults and grubs have
chewing type of mouth parts. The adults
can feed on the grain while the larvae
prefer broken kernels and flour. Like most
of the stored grain insects, under normal
circumstances, colonies of T castaneum
inhabit the storage structures for years
and can be controlled only if the structure
is chemically treated or dismantled. In
addition to quantitative loss, nutritional
status, industrial properties, germination
percentage and aesthetic value are
affected by the adult and grubs of the
beetle (Ahmed et al., 2013).
Throughout the world, fumigants like
phostoxin, chloropicrin, methyl
isocyanate, hydrogen cyanide and sulfuryl
fluoride are commonly used against the
pest. Likewise, in Pakistan, virulent and
persistent chemicals like
organophosphates, carbamates,
pyrethroids and fumigants like aluminum
phosphide (phostoxin) and methyl
bromide are in use for the last few
decades. However, due to the negative
impact of these synthetic chemicals,
reduced consumer tolerance for pesticide
residues in food and increase in the

pesticide resistance level in the stored
grain pests, there is a need for exploration
of insecticides derived from natural
sources (Collins et al., 2002; Ahmad et
al., 2008).
The use of pathogenic fungi for pest
management has been studied for a long
time; however, its application for control
of stored grain pests has not remained a
topic of interest till date (Hidalgo et al.,
1998). These fungi cause virulent diseases
in insects and carry the potential for use
as insecticide against a variety of harmful
insects and are significant as innate
managers of insect populations in agro-
ecosystems. The application of
entomopathogenic fungi in combination
with insecticides is very beneficial for the
management of insect resistance against
insecticidal chemicals. These fungi and/ or
their products also act as insecticides
when applied alone (Gallo et al., 1978).
Fungal species like Beauveria bassiana,
Lecanicillium spp and Metarhizium spp
have been reported as effective against
the pest (Baier and Webster 1992; Hoy,
1999).
Usage of plant parts and extracts for
preservation of stored food materials is a
primitive method culturally practiced
throughout the world. Many poisonous
chemicals, mainly essential oils are
obtained from plants and commonly
applied for the suppression of stored grain
as well as other insect pests (Aslam et al.,
2002). Plant products like extracts,
powders and oils etc are reasonably
efficacious against insect pests infesting
stored grain. These products affect the
feeding, longevity, fecundity and neonate
survival of the target insects (Nadra
2006). The variety of ways in which these
potent plant products disturb the normal
biological processes of the target insects
ultimately retard their rate of population
build up, hence minimizing the damage
potential. More than 2400 plant species
have been recorded to contain compounds
with insecticidal properties (Abubakkar et
al., 2000).Chemicals extracted from
species belonging to Meliaceae family,
particularly Melia azedarach and
Azadirachta indica have recently got
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attention from entomologists due to their
effective role as pest management agents.
Antifeedant and repellent activity of the
isolates from Melia azedarach have been
studied in depth and reported by several
workers (Carpinella et al., 2002)

Replacement of the highly toxic chemicals
used in storages with relatively safer,
naturally derived compounds is a
necessity of the day. The present study
was therefore, conducted with the aim to
investigate the efficacy of some plant and
fungal extracts against T. castaneum.
MATERIALS AND METHODS
Toxicological tests were carried out to
evaluate the efficacy of fungal (Aspergillus
spp and Rhizopus spp) and plant based
(Melia azedarach and Polygonum
hydropiper) extracts in comparison with a
synthetic insecticide, chlorpyrifos against
red flour beetle (Tribolium castaneum
Herbst) under laboratory conditions; 65 ±
5% (Relative Humidity), 25 ± 2 0C
(Temperature) and 8hL: 16hD (Light;
Dark Period). These tests were performed
at University of Agriculture Peshawar
(UAP), Pakistan during 2013.
INSECT REARING
Cohorts of the test insects were obtained
from the insect rearing laboratory of the
Plant Protection Department as and when
required. The culture of T. castaneum was
reared and maintained under the
aforementioned environment for the last
one decade.
INSECTICIDES AND EXTRACTS
The fungal extracts were provided by the
Department of Agricultural Chemistry,
UAP, while Chlorpyrifos was obtained from
the local market. Botanical extracts were
prepared at the Department of Plant
Protection, UAP, using the following
procedure.
PLANT EXTRACTS PREPARATION
PROCEDURE
The leaves and stems of Polygonum
hydropiper L. and Melia azedarach L. were
collected from NDF (New Developmental
Research Farm), University of Agriculture,
Peshawar. Pakistan and were shade dried
in the laboratory. These shade dried
samples were then milled with the help of

an electric grinder. The samples (100g
each) were then soaked in 200ml of
DMSO (Dimethyl sulfoxide) for 24 hours.
The samples were then filtered after
stirring with the help of magnetic stirrer.
Required concentrations of the extracts
were prepared with the help of rotary
evaporator.
CONCENTRATIONS OF THE
CHEMICALS USED IN THE
EXPERIMENTS
Chlorpyrifos concentration was kept at
5000 ppm while all the extracts were used
at the rate of 10000 ppm.
ORAL TOXICITY TEST PROCEDURE
Oral toxicity test was carried out using
CRD (Completely Randomized Design)
under laboratory conditions. The
experiment had six treatments and was
repeated 10 times. Wheat flour (0.3g) was
treated with one ml of each test solution
for preparing the test diet. Wheat flour
and pesticide solutions were mixed and
pellets; each weighing 1.2g were made
from it. These pellets were dried at room
temperature. A cohort of ten (10) adult T
castaneum was placed in separate vials
(10 ml) along with a single pellet treated
with a particular test chemical the testing
arena.
Efficacy of the test chemicals was
evaluated on the basis of test insect
mortality and diet consumption. Diet
consumption data were noted at the end
of the experiment while insect mortality
data were documented on daily basis for
ten (10) days after exposure.
CONTACT TOXICITY TEST PROCEDURE
Contact toxicity test was carried out using
CRD (Completely Randomized Design)
under laboratory conditions. The
experiment comprised six treatments and
was repeated 10 times. For the purpose, 1
ml of the test concentration of each
chemical was used in the testing arena
(10 ml vial). In order to achieve uniform
spreading of the test solutions, the vials
were kept in a shaker for 10 minutes.
These treated vials were offered to T
castaneum adults (10) along with
untreated diet, after drying at room
temperature.
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Same parameters were used for recoding
the data as mentioned for oral toxicity
test.
PREFERENCE TEST PROCEDURE
Preference test was carried out using CRD
(Completely Randomized Design) under
laboratory conditions. The experiment
comprised five (5) treatments and was
repeated 10 times. Owing to its extreme
toxicity, the test insects would die after
contact with chlorpyrifos thus making it
impossible to judge the sub-lethal effect
of the extracts, hence chlorpyrifos was
excluded from this test. Each pesticide
solution (One ml) was used to treat the
diet (wheat flour of 0.3g). Wheat flour and
pesticide solutions were mixed and
pellets; each weighing 1.2g were made
from it. These pellets were dried at room
temperature. A cohort of ten (10) adults
of T castaneum was put in separate vials
(10 ml) and offered one pellet from all the
treatments in each vial. Preference of the
test insects for the chemicals was
evaluated on diet consumption basis for
which the data were noted at the end of
the experiment i.e. ten (10) days after
exposure.
ANALYSIS OF DATA
Analysis of the data were performed by
using the statistical software Statistix 8.1
(Analytical software, 2005) and means
were separated using LSD @0.05
probability level..

RESULTS AND DISCUSSION
According to some estimates around
10,000 arthropods cause serious
quantitative and qualitative damage to
stored food products including grains
worldwide (Rajendran and Sriranjini,
2008). Protection of these food
commodities, till date, is mainly
dependent upon the use of toxic chemicals
like phostoxin. However, increasing pest
resistance and decreasing consumer
tolerance for these chemicals necessitates
exploration of relatively safe alternative
sources for inclusion in pest management
programs (Collins et al., 2002; Ahmad et
al., 2008). The present experiment was
therefore, conducted to evaluate some of
locally available plants and fungi for their

potential insecticidal/entomopathogenic
properties.
Results regarding the oral toxicity test
(Table-1) revealed that both botanical and
fungal extracts were moderately
efficacious against the test insects. The
synthetic insecticide, Chlorpyrifos proved
extremely toxic with a mean mortality of
10. The extracts i.e. Aspergillus spp,
Rhizopus spp, M azedarach and P
hydropiper with 4, 3, 2.7 and 1.5,
respectively were recorded as moderately
toxic as compared to control which
recorded a mean mortality of 0.02. The
diet consumptions data (Figure 1) showed
that the least diet consumption was
recorded in Chlorpyrifos (0.002g) for the
obvious reason that almost all the test
insects were killed on the very first day;
probably just after having a taste bite.
The extracts with 0.23g, 0.24g, 0.31g and
0.32g mean diet consumption for
Aspergillus, M azedarach, P hydropiper
and Rhizopus, respectively showed
moderate level diet consumption as
compared to control treatment with 0.44g.
Results regarding contact poisoning
incurred by the test chemicals (Table-2)
revealed that the synthetic insecticide,
chlorpyrifos with a mean mortality of 8.5
was significantly more lethal to the pest.
Though, Aspergillus spp (4.2) caused
much lesser toxicity as compared to the
synthetic insecticide, yet it was
significantly more lethal to the test insect
when weighed against M azedarach (2.4),
Rhizopus spp (1.7) and P hydropiper (1.5)
were also found effective as compared to
control (0.03). Toxicity of all the test
chemicals expressed a positive correlation
with time as maximum mortality was
recorded at day 10, followed by days, 9-1.
Diet consumption data of the contact
toxicity test (Figure 2) showed a similar
trend within the treatments as observed in
case of oral test, however, with the
exception of chlorpyrifos, comparatively
more diet was consumed by the test
insects in all other treatments.
Data regarding free choice test (Figure 3)
showed that diet M azedarach exhibited
strong feeding deterrence with 0.07g
mean diet consumption. This was closely
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followed by P hydropiper (0.08g). The
fungal extracts exhibited moderate
feeding deterrence with (0.11g and 0.13g
diet consumption for Rhizopus (0.11g)
and Aspergillus (0.13g), respectively. The
control treatment with diet consumption
of 0.17g was significantly the most
preferred diet as compared to the rest of
the treatments. Owing to its extreme
toxicity, the test insects would die after
contact with chlorpyrifos treated diet thus
making it impossible to judge the sub-
lethal effect of the extracts, hence
chlorpyrifos was excluded from the
preference test.
These results regarding chlorpyrifos
toxicity against T castaneum are in close
conformity with the findings of Vojoudi et
al. (2012), Afaz and Ara (2006) and
Mansee & Montasser (2003) who reported
that chlorpyrifos was more toxic to the
pest as compared to several other
synthetic insecticides like dicofol,
carbosulfan, malathion, cypermethrin and
deltamethrin. These results regarding M
azedarach effects against the pest are also
parallel with that of Farkhanda et al.,
(2011) who investigated the toxicity of
different botanical extracts against T
castaneum as well as other stored grain
pests and reported that M azedarach had
lethal as well as repellent effects against
the pest as compared to the check. They
also detected three different components
in M azedarach ethanol extracts through
thin layer chromatography (TLC).
The present findings regarding the toxic
and repellent action of P hydropiper
against the pest are quite similar to that
of Kundu et al. (2007), despite the fact
that they have used different solvents,
concentrations and method of application.
The present results regarding toxicity and
repellency as caused by the fungal spp
also revealed that both the species were
relatively more efficacious in comparison
with botanicals extracts as well as the
untreated check. Efficacy and
entomopathogenicity of different fungal
species, particularly Beauveria bassiana
has been reported (Padin et al., 2002)
while that of the test fungi against T
castaneum has not been studied

extensively and relevant literature in this
regard is hard to find. Thomas et al.,
(2016) evaluated the efficacy of
Aspergillus spp against mosquitoes and
suggested that the species may be as
virulent against mosquitoes as a well
recognized entomopathogenic fungus.
Wakil et al. (2013) carried out a study on
stored grain insects in Punjab, Pakistan
with the aim to quantify the
entomopathogenic fungal flora for better
understanding the relationship between
geographical location and fungal
occurrence. They reported that
geographical attributes greatly influenced
the occurrence of entomopathogenic
fungi. They further reported that in all 195
insect cadavers were separated out of
25,720 insects collected during their
survey of different grain storage facilities
located throughout Punjab, Pakistan. The
major fungal genera isolated from the
insect cadavers were Aspergillus sp.
(22.6% occurrence), followed by Fusarium
sp. (15.9%), Alternaria sp. (10.8%),
Rhizopus sp. (8.2%), Penicillum sp.
(6.7%) and Mucor sp. (1%). More
interestingly, highest numbers (68) of
these fungal species were isolated from T
castaneum which is an evidence that the
entomopathogenic fungi in general and
those tested in our study in particular
have an association with pest. This
association needs to be further
investigated for use in future pest
management programs.
Several plant and fungal products have
been tested against stored grain pests for
the past few decades, albeit these
products could not find a considerable
place in the market due to their relatively
low toxicity and slow action. However, the
constantly escalating health concerns,
depleting insecticide efficacy and receding
profitability demand constant exploration
of the locally available sources for
expressed by the tested extracts was
significantly lesser than the synthetic
insecticide. However, the moderate level
of toxicity as shown by all the extract and
the feeding deterrence particularly
exhibited by the botanicals suggest
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further studies on their long term impact
on population build up of the pest.

CONCLUSION
Though, chlorpyrifos was found by far,
more lethal against the pest, T.
castaneum, however the extracts did
show moderate

efficacy. It was observed that botanical
and fungal extracts have the potential to
manage the pest up to a certain degree.
More importantly, repellency test revealed
that botanical extracts particularly, had a
repellency effect against T. castaneum
which is a useful attribute in terms of
damage control
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Table- 1. Mortality of T. castaneum adults as affected by oral application of fungal
and botanical extracts in comparison with a synthetic chemical.

Treatments Days Mean

1 2 3 4 5 6 7 8 9 10

Chloropyrifos 9 a 10 a 10 a 10 a 10 a 10a 10a 10a 10a 10a 10 a

Aspergillus 1 qr 2 op 2 kl 3 jk 4 fg 5ef 5 de 6cd 6 bc 7b 4 b

Rhizopus 1 qr 1 pq 2 lm 3 jk 3 ij 4hi 4 fg 4 fg 4 fg 4fg 3 c

Melia

azedarach

1 qr 2 no 2 no 2 mn 3 ij 3ij 4 hi 4gg 4 fg 4fg 2.7 d

Polygonium

hydropiper

0.6 s 1 qr 1 qr 1 qr 2 op 2mn 2 mn 2 mn 2 kl 2kl 1.5 e

Control 0.0s 0.0 s 0.0 s 0.0 s 0.0 s 0.0s 0.0s 0.0s 0.0s 0.2s 0.02 f

Mean 2.2h 2.6 g 2.8 f 3 f 3.6 e 3.9d 4.1cd 4.3bc 4.5ab 4.6a -

*Row wise means followed by the same letter do not differ significantly = * significance at p
< 0.05 LSD for days = 0.26, LSD for chemicals = 0.13, LSD chemicals and days = 1.9: (to
read table easily, rounding of data was applied).
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Table- 2. Mortality of T. castaneum adults as affected by contact application of
fungal and botanical extracts in comparison with a synthetic chemical.

Treatments DAYS Mean

1 2 3 4 5 6 7 8 9 10

Chlorpyrifos 7e 7 d 7 d 8 d 9 c 9 c 9 b 10a 10 a 10a 8.5 a

Aspergillus 3 h 3 h 3 h 4 g 5 f 5 f 5 f 5 f 5 f 5f 4.2 b

Rhizopus 0.4
q

1 op 1 op 2 lm 2 kl 2 ij 2 ij 2 ij 3 i 3 i 1.7 d

Melia
azedarach

2 ijk 2 ijk 2 ij 2 ij 3 i 3 i 3 i 3 i 3 i 3 i 2.4 c

Polygonium
hydropiper

1 p 1
nop

1
mno

2 lm 2 lm 2 lm 2 lm 2lm 2 lm 2 lm 1.5 e

Control 0.0q 0.0q 0.0q 0.0 q 0.0q 0.0q 0.0q 0.0 q 0.0 q 0.3q 0.03 f

Mean 2.2h 2.5g 2.6f 2.9 e 3.3d 3.4cd 3.5bc 3.6ab 3.7ab 3.7a

*Row wise means followed by the same letter do not differ significantly = * significance at p
< 0.05 LSD for days = 0.2, LSD for chemicals = 0.1, LSD chemical and days = 1: (to read
table easily, rounding of data was applied).
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Figure 1.  Effect of oral application of different chemicals upon diet
consumption by T. castaneum adults under laboratory conditions
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Figure  2. Effect of contact application of different chemicals upon diet
consumption by T castaneum adults.
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Figure 3. Effect of different botanical and microbial extracts on the feeding
preference of T. castaneum adults in free choice test under laboratory conditions.
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