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and / or 1167 minutes at S5°C were
sufficient o achieve more than 95%
‘mortality of the pupal stage (Table 9).
Our results, on the effect of high
temperatures of 45°, 50°, 55° and 60°C on

the different stages of the pest concluded
that the exposure period more than 97.22
‘minutes at 55°C is sufficient to oblain
sufficient_mortality of different lfe
Stages of E. cautella.
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Discussion and LTyo); while late larval instars and
pupal stage were more _cold-tolerant
Stages (highest LT and LT,s). There is
Results of the present study cleatly 5o i

indicate that the ‘susceptibility to sub-
zero temperature differ according to the
developmental  stages. Generally. egg
stage and carly larval instars were the
most susceptible to 5°C (lowest LTz,

‘2 wide variation in cold tolerance among.
Stages of stored-product insects, 3
‘demonsirated by many authors (David et
al, 1977; Fields, 1992; Donahaye et al..
1995; Abdelghany et al  2010;
Loganathan et al. 2011) and others. In
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Matertals a

methods

Blo-agents: Two commercial compounds,
namely Bioarc ™ (Bacillus megaterium,
2.5 x 107 colony forming unit (cfug) and
Biozeid ™ (Trichoderma album, | x
107spores/g) used as bio-control agents
against, 7. semipenetrans in laboratory
and greenhouse conditions. The tested
compounds were obtained from the
identification of - microorganisms and
biological control unit, Plant Pathology
Research Institute, Agriculture Rescarch
Center, Giza, Egypt.

Inviro ex our rates (15.0, 200,
250 and 300 gl). of both Bioarc and
Biozeid were prepared and separately
tested against cach of one hundred
freshly  hatched _juveniles of T
semipeneirans in Petridishes (9 cm,
diameter). The examination was followed
according to schedule time of exposure
(12, 24, 48 and 72 hours). Petri dishes.
containing _distilled water served as
control and each treatment was replicated
four times, and incubation at 25 + 2° C.
Juveniles of 7. semipeneirans exhibited
o perceptible  movement  under
Stercomicroscope were considered as
dead, counted and the corrected mortality
(immobility  stages) ~percentage  was
calculated according to Abboit formula,
Abbott (1925).
Number o juniles iled

Y narber o javeriies * 100

Greenhouse experiment: This work was
undertaken in greenhouse of Plant
Pathology  Department, Faculty ~of
Agriculture, Assiut University, Assiut,
Egypt. Three months-old scedlings of
citrus rootstocks; Baladi orange (Citrus

sinensis) and Lime (C. aurantifolia) were
transplanted singly in clay pot (40 cm
diameter) filled with dkg sterilized
sandy-clay soil, then the pois were
divided into treatments according to the
following bio-agents rates, 20, 25 and 30
@/ of both Talbum and B. megaterium,
A volume of 30 cm’ for each bio-agent
was added to cach of three pois
(treatment). Nemathorin 10% G as a
nematicide conc. of 12.5kg/ feddan
(recommended dose) was used for
comparison. Afler 10 days of application
with either_bio-agents or Nemathorin,
cach pot was inoculated with 5000
juveniles of T. semipencirans obtained
‘from the stock culture and added around
the ot system of cach scedling. Pots
were aminged in a completely
randomized design for cach treatment
and watered. Plans were harvested 90
days after nematode inoculation. Data
dealing with fresh shoot and root weight
were  recorded.  Nematodes  were
extracted from 100gm soil according to
sieving and  modified _Baermann
technique Goodey (1957). Rools were
stained with acid fuchsin in lactic acid
Byrd et al (1983) and counted for
females/g root. Data was subjected to
statistical analysis using  ANOVA
Gomez and Gomez (1984) and means
were compared by Duncan's multiple
range test Duncan (1955).

Results and Discussion

In viro experiment: Data in Table |
showed that the percentage of 12
‘mortality increased with increasing the
rates and exposure periods. Both tested
compounds were found to be a highly
‘nematostatic against J2. Resuls showed
that the rates of 20, 25 and 30 g/ gave
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Introduction

Among stored product pests, the almond
moth, ~ Ephestia _cautella  (Walker)
(Lepidoptera: Pyralidac) is one of the
major date palm pests in Egypt. The
infestations  begin in date palm
plantations and contine in storchouse
through infested dates and can go
through multiple generations (Howard et
al,, 2001).Besides date palm fruits, dried
fig, raisin, rice and maize grains, cereal
products, cocoa, chocolate, spices, nuts,
dried fruit, processed foods and peanut
are reported as hosts of almond moth
(Singh & Moore, 1985; Shahhosseini &
Kamali, 1989; Hodges & Farrell, 2004;
Rees, 2007). Larvae cause a considerable
damage by feeding andlor by
contaminating stored food with dead
bodies and their own  products, ..
excreta, wibbing and silk.

Generally, control of stored product pests.
is applied using. insecticides such as

‘malathion, chlorpyrifos-methyl,
phosphine, and methyl bromide (Arthur,
1996).  Chemical insecticides have
showed  numerous  environmental
problems  such as_ depletion of
atmospheric ozone (Fields & White,
2002 Hamsen & Jensen. 2002).

development_of resistance in insects
(Sinha & Watters, 1985), mammalian
toxicity, disruption of the food chain.
proliferation of more harmful insecis and
sensitive species (Regnault-Roger, 1997).
Recently many rescarchers have been
devoted for secking altematives against
insect pests in warchouses.

Among the alternative control tactics,
physical control is one of the most
promising methods (Brower & Tilton,

1985; Sharma & Dwivedi, 1997: Faruki
et al., 2005; Ayvaz & Tuncbilek, 2006;
Ayvaz et al 2007, 2008; Azizoglu et al.,
2010,

‘The advantages of physical control (low
and high temperature) as a pest control
procedure includes the absence  of
undesirable residues in the treated foods,
o resistance  development by pest
insects and a few significant changes in
the physicochemical properties or the
nutriive value of the treated products
(Lapidot et al., 1991; Ahmed, 2001;
Zhao etal,, 2007,

The present study aimed to study the
effect of extremely low and high
temperatures on the mortality of the pest.
However, results of this study will be
useful for understanding the mechanism
of population build-up of Ephestia
cautella on date palm fruits. Moreover,
these information will be necessary for
the development of an IPM program for
date palm pests in Egypt.

Materials and methods

Rearing technique: The experimental
insects were collected from infested date
fruits of traditional stores and date palm
plantations in the New Valley
‘govemorate and transferred to laboratory
at Plant Protection Department, Faculty
of Agriculture, Assiut University during
June 2007. Larvae were collected and
kept in glass jars 2 Kg and provided with
clean semi-dry date fruits (Saidy) as
source of food until pupation. Pupse
were individually introduced into glass
vials (10x4 cm) and covered with muslin
by means of rubber bands until the adult

7
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Table 2 Effct of 8. megaeriam snd T album spp

Data on plant growth based on shoots,
roots and whole plant fresh weight show
in Table 3 rovealed that all tested
treatments applied at different rates.
successfully improved the growth as
compared to_infected untreated Baladi
orange and Lime scedlings. Significant
differences between B. megaterium and
T album observed in plant growth of
Baladi orange and Lime. A high
percentage of increase in fresh shoot and
rool weight was recorded with B.
meaterium a0d T. album at rate of 30g].
However, rate 20g1 for both .
megaterium and T. Album caused the
lowest increment in this respect. The
same trend was obtained with fotal plant
fresh weight as compared with nematode
alone. In general all tested treatments as
well as Nemathorin 10% G caused
remarkable increase in the plant growth
of Baladi orange and lime scedlings.
Nemathorin showed superior effect than
the two bio-agents, however the bio-
agenis were safer to human and animal

Mcane i e b e oy o . st gy G <005 g

health and the environment, as well as
lower cost These resulfs are in
agreement with those oblained by many
reporters Hammad and Zaid (2007),
Hallman et al. (2009), Affokpon et al.
(2011), Radwan et al. (2012). Cherif and
Benhamou  (1990) recorded that
Trichoderma spp. considered a. good
source of various foxins and may
produce lytic enzymes, so it may play an
important role in the inhibition of T:
semipenerrans populations. Also Spiegel
et al. (2005) concluded the direct fungal
parasitism of the spores to nematode and
diffusion of their lytic enzymes which
stimulated with special genes. These
enzyme genes were turned on during the
interaction between the fungus and the
nematodes.  So.  a significant
enhancement of fungal parasitism on the
nematode was done. Similar mode of
action of Bacillus spp. was noticed by
Niw-qiu_Hong, et al. (2006). when
extracted the crude extra-cellular protein
from culture of bacteria
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‘added also that most stored-product pests
are killed within hours afler they are
exposed fo temperatures of SOC_or
more. Neven (2000) demonstrated._ that
increasing the  treatment  temperature
markedly increased the cgg mortality
rate, with 100% mortality achieved afler
180, 120, 60, 40 and 305 at temperature
of S&, 60, 65, 70° and ISC,
respectively. She cxplained that, this
mortality  is generally due to
physiological  and biochemical
‘modifications (agglutination of protein
associated  with  different ' egg
constituents) that occur within the egg
during heat treatment-with the mortalty
rate rising s the extent of modifications
increases. Marouf et al. (2003) and Zhao
et al. (2007) elucidate that as temperature
rises the ireatment time required to
obiain the same disinfestations level with
Ephestia kuchniella  Zeller  oggs
decreases. Insect eggs are  very
Susceptible to temperature_above SO°C.
Adler (2006) tested the efficacy of heat
on the Mediterrancan flour moth E.
kuchniella in laboratory_experiments at
45°C, S0°C and 55°C. Eggs, pupal and
‘young larval stages were found to be the
‘most tolerant surviving up to 60 minutes
at 45°C. up to 7 min. at S0°C and up to 5
‘min at 35°C. Fitting a log trend through
the data gave lethal exposure fimes of
660 minutes at 45°C. 27 min at S0°C and
7.2 min at 55°C. Survival insects were
detected in_most  samples _where
temperature did not exceed S0°C. Ben-
lli et al. (2009) reported that below
SO°C. very long treatment times (> 60
min) were required to_achieve 100%
‘mortality. However, treatment time was
short (< 3 min) at temperatures over
S4C. Generally, in the laboratory
experiments, the lethal time toreduce
survival by 95% of eggs, early and late
larval instars and pupae of £. cautella at
5°C were 261, 262, 378 and 347
hous,  respectively.  However,

conceming  the effect of high
temperature of 45°, 55°, and 60°C, it
could be concluded that exposure time of
more than 97.22 minutes at 55°C is
sufficient to _achieve a complete
‘mortality of different life stages of E.
cautella It is clear that the manipulation
by extreme temperatures is providing a
useful tool for the control of the almond
‘moth, E. cautella in respect to Integrated
Pest Managemen Program.
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higher mortality ffect than 60% 12
‘mortality after 72 h exposure time. The
two bio-agents, B. megaterium and T.
album reached their highest activity at
rate of 30g afler 72h (90.5 and §8.3

Table 1. Efectof il e of . megatrim and

respectively). Results also  showed
significant differences  between_the,
Morcover, B.megaterium _exhibited
higher mortality effect than the T: album.

T b on 12 oty of . semipencrans

e
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Greenhouse expertment: Data in Table 2
represent the percentage of reduction in
number of 12/100g soil. mumber of
females/g root and final population of T:
semipenetrans that is obviously increased
with increasing bio-agents. rates. The
effect of B megarerium and T album at
30g/1 showed no significant difference in
previous criteria on both Baladi orange
and Lime. B. megaterium was found to
be more cffective than T. album in
reducing number of J2 and females. The
commercial products of B. megaterium

(90, 895% and T _album (883,
§9.0% af the rte of 30g1 gave the
highest % of reduction in number of J2
of 7 semipencirans on Baladi orange
and Lime respectively. Meanwhile the
highest % of reduction in number of
fomales/g rool  recorded with B
megaterium (76.6. 829 %) and 7. album
(720, 77.9% %) on Baladi orange and
Lime respectivly. The highes! reduction
in final population was oblained with .
megaterium on Baladi orange (8.3 %)
and Lime (59.1%).





OEBPS/Images/22-layout_006.jpg
Darvishetal. 2015

3 T001s Y7o o5 156
Eayinsrslara 7092035 2447000 son s
Lucinsarlrva 8192033 Ra1ox Wi e
Pua 02 17535, wn omes

Effect of high temperature on cgg stage:
Table (6) revealed that mortality tended
1o be increased with the increase of
temperature and  exposure _time.
Mortlites of £ cautella 24.00, 280,
3600, 4500 and 88%: 76.00, 8800,
92,00, 96.00 and 100.00%: and 88,00,
92,00, 96.00, and 100% were recorded
when cggs were exposed lo high
temperature of 45°; 0" and S5 for 5,
10,15, 20 and 25 minutes, respectively.
Exposure fime of 25 and 20 minutes i
effective to achieve 100.00% mortality
for the egg stage at temperatures of S0°
and SSC, respectively. The LTu and
LT, values were calculaed as 13.52 and
5906 minutes (slope = 207) for
temperature of 45°C; 137 and 1259
minutes (slope= 1.94) for temperature of
S0°C and 033 and 7.58 minutes (slope=
165 40,21 for the temperature of 55°C.
Thus exposure times 50.06, 12.59, and
7.88 minutes at 45°, S0° and S°C
respectively were suffcient o achieve
95% morality of the cag stage as
indicated by LT, value (Table ).

Effect of high temperature on late larval
Instars: Late larval instars of E. cautella
were exposed to 457, 507, 55° and 60°C
for 5,10, 15, 20 and 25 minutes.
Morality rates among treated larvac

showed @ time-mortality trend as
presented in Table (7). R ecorded
mortality values among the used

exposure times were 4.00, 8.00 and 20%
when the larvae exposed to 45°C for IS,
20 and 25 mints, respectively. Exposure
time of 25 minutes at high temperature of
55°C is sufficient to gel 100% mortality
for the late larval instars of the pest
(Table 7). The calculated LTsq and LTs
values were 40.15 and 97.22 minutes at
45°C; 1095 and 72.17 minutes at SO°C
and 287 and 17.65 minutes at S5°C,
respectively. Thus_exposure fime for
‘more than 97, 72, 17 minutes at 45, 50°
and 55°C is sufficient to achieve more
than 95% mortality for the late larval
instars as indicated by LTos values (Table
9)

Effct of high temperature on pupal stage
Data in Table (8) indicate that exposure
times of S, 10, 15, 20 and 25 minutes
were able {o kil 1500, 22 00, 300,
4400 and S800%, respectively at
temperature of 45°C. At 50 and SS°C,
‘mortality increased with the increase of
exposure fime. Exposure fime to 25
minutes at S0°C and 15 minutes at 55°C
s sufficent 1o achieve a complete
‘mortality for the pupal stage. The LT,
and LTos values were caleulated as 23.18
and 9029; 613 and 33.5%; 182 and
1167 minutes when the pupal stages
exposed to_45', S0° and SSC,
respectively. Thus. exposure times for
more than 90 minutes at high
temperature of 45°C; 33 minutes at SO'C

a
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emergence. The newly emerged adults
were transferred into ovi-position cages
‘measuring 30 x 30 x 35 cm at a rate of
about 10 pairs males and females / cage.
‘The cages consisted of a wooden bottom
‘and side, the other sides were made of a 2
mm wire mesh and the whole unit was
covered with a wood plate. A cloth
sleeve was fitted to the wooden side to
cnable handling the moth. The pest was
reared under laboratory. conditions for
several generations before the study was
underiaken _to  ensure  complete
adaplation. The present  investigations
were carried out fo study the effect of
low temperature and high temperature of
45°, 50° 55° and 60°C on mortalty of
egg, laval and pupal stages of the
almond moth, £ cautella

Effect of ow temperature (°C): The time.
at which 50% (LTs) and 95% (LTss) of
the treated insects died, was determined
by cooling groups of 80 eggs, early (1-2
days old), late larval instars( >25 days.
old) and pupae. Four replicates of 20
individuals of cach stage for cach
treatment were exposed to temperature of
=S°C for 30, 60, 120, 150, 240, 300 and
360 minutes. After exposure, individuals
were transferred to laboratory conditions.
of temperature ranged from 25 to 30 °C
and 60 to 65% relative humidity. Eggs
and pupac were left undisturbed at room
temperature and laboratory conditions for
7 days and considered to be dead if no
hatch or emergence was noted by that
time. Early and late larval instars were
assumed to be dead if they did not
respond to a gentle prodding afler 24
hours recovery at boratory temperature.
Our observations clearly indicated that
we can distinguish between them after
about one day.

Effect of high temperatures: The effect of
high temperature on the mortaity of egg,
larval and pupal stages of the almond
moth was_determined. Temperatures
were 45°, SO°, 55° and 60°C and the
exposure times to cach temperature were
5,10, 15, 20 and 25 minutes. For each
temperature, separate sets of individuals
were used for the different exposure
intervals. About 80 eggs (<24 hrs old),
100 late larval instar and 30 pupae were
exposed fo cach temperature.  Afler
exposure, individuals were ~removed
from the oven and placed under
laboratory ~ conditions for - subsequent
assessment. Control - mortality _under
laboratory  conditions was ~negligible
through the test and no corrections were
necessary for treatment comparisons. If
all individuals were dead after initial
exposures as recorded at 60 °C, no
further tests were conducted. In case of
egas, mortality was evaluated using a
binocular microscope (Paralux 4-10%
‘magnification _power). ~Estimation of
mortalty on the egg, larval and pupal
stages were made as in the
aforementioned  treatment  (low
temperature treatment).  The values of
LTss, LTos and slopes were calculated by
4 probit_analysis wing SPSS V. 10
system (SPSS Inc., 1999).

Results

Effect of low temperature (5°0): Low
temperature of -5'C was tested against
cag, carly and late larval instars and
pupal siage2 of £ cautella. Data in
“Tables (1 - 4) showed the percentages of
‘morality in relaion to exposure time a -
S°C. The calculated values of LT, and
LTisare given n Table 5.

s
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Table 5 Plant growth respors of Bl cranse nd Lie sesdlings infected with T scmipencrans ndr
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‘This extraction killed about 80% of the
tested nematode within 24 h. They also
found that the purified protease can
hydrolyze several native proteinaceous.
substrates,  including collagen and
nematode cuicle. Beside this result the
percentage increase in fresh weight of the
whole plant which obtained by using bio-
‘nematicide agent supported by Haseb ot
al. (2005) & Khan e al. (2005). In
conclusion, the bio-effectiveness of
treatments  with  Talbum and .
megaterium at higher rate of 30 gl
resulted an improvement in  Baladi
orange and Lime growth and reduced the
reproduction rate of T. semipenctrans
further experiments are need o test £,
megaterium and Talbum ot rate 30 g
per square meter in open field as a bio-
‘nematicides.
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Effect of low temperature (-5°C) on cgg
stage: Table (1) revealed that the
exposure for 60, 90, 120, 180 and 240
‘minutes was able to achieve 40,00, 60.00,
865, 92.50, and 100.00% mortality,
respectively. Exposure time to 4 hrs was.
sufficient to achieve complete mortality
for the egg stage. The LTy and LTys
values were calculated as 65.26 and
156.99 minutes (slope = 4.09). It is clear
that about 160 minutes at -5°C were
sufficient to kill 95% of the egg stage
(Table 5).

Effect of low temperature (-5°C) on carly
Iarval Instars: Early larval instars were
exposed to -5°C for different fimes from
30 to 360 minutes. Table (2) revealed
that larval morialites increased with the
increase of exposure time up fo 130
‘minutes. Exposure early larval instars to-
S°C for 180 minutes was sufficient to
achiove a complete mortalty of this
stage. The LT,y and LT,s values were
calculated as 96.94 and 157.34 minutes,
respectively (slope = 7.09) (Table ).

Effect of low temperature (-5°C) on late
Iarval instars: Late instar larvae of £.
cautella were exposed for different times.
to -5°C. Mortalty rates among freated
individual larvac of the almond moth
showed @ time-mortality trend as
presented in Table (3). Data showed that
the different exposure fimes resulted in
considerable mortalites of the fested
larvae. Recorded mortality values among
the used exposure times were 6.5,
17,50, 75.00, 95.00 and 100.00% for the
exposure times of 90, 120, 130, 240 and
300 minutes, respectively. Complete
mortality was achieved for larvae
exposed to -5°C at 300 minutes or more.
Itis clear that the exposure time at -S'C

for one hour or less did not lead to any
‘mortality and the larvae completed their
development aftr this ime of exposure.

The LTy and LTos values were
calculated as 143.11 and 22653 minutes
(slope = 8.19). Thus exposure time for
‘more than 226.53 minutes was sufficient
to kil 95% of late larval instars as
indicated by the value of LTos (Table 5).

Effect of low temperature (-5°C) on pupal
stage: Table (4) revealed that exposure
times of 90, 120, 180, 240 and 300
‘minutes were able to kill 14.00, 62.00,
81,48, 92.59, and 100.00%, respectively.
Exposure time for Shrs or more was
Sufficient to achieve 100% mortality for
the pupal stage. The LTs and LTos
values were calculated as 11373 and
20864 minutes (slope = 5.5). Thus
exposure time for 208.64 minutes was
sufficient to achieve 95% mortality of
the pupal stage as indicated by the value
of LTos (Table 5). Generally, the increase
of the exposure time induced regular
increase in mortality percentages. Lethal
time to reduce survival by 0% (LT:0) of
egas, early, late larval instars and pupae
Of E cautella at -S°C were 1.09, 1.62,
2.39.and 1.90 hrs and those by LTos were
261, 262, 378 and 347 hes,
respectively.

Effect of high temperature: The effect of
high temperatures of 45°, SO°, 55° and
60°C on the mortality of the egg, late
larval instars and pupal stage of the
almond moth E. cautella was estimated.
Percentages of mortality in relation to
temperature and exposure fimes  are
shown in Tables (6-8). The calculated
LT and LTy values are given in Table
).
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Introduction

The citrus  nematode,
semipencirans Cobb, causes slow decline
discase, which name refers to the gradual
development of symptoms in the host and
slow rate of nematode population in
newly replanted orchards. The  citrus
nematode was recorded as a pathogen
attacking the roots of citrus trees in Egypt
by Oteifa (1955) as well as many
different countries of the world Duncan
and Cohn (1990). Management of the
citrus nematode remains difficult as no
single tactic provides adequate control of
the nematode, Verdejo and McKenry
(2004). Therefore, altemative methods of
controlling nematode in particular by the
use of microorganisms as_biocontrol
agenis are now being widely developed
and several of them are already being
produced commercially Montasser et al.
(2012). Bioproducts  contain
‘microorganisms  (bacterium, fungus,
virus, protozoan or alga) as an active
ingredicnt often referred to microbial
pesticides. They are host specific and
potential candidates with regard to
integrated pest management Arora et al.
(2000). Fungi and bacteria are among the
most_dominant soil-bome groups in
natural soil ecosystem and some of them
have shown great potential as biological
control agents for rool-knot nematodes.
Kerry (2000). The bacterial and fungal
bio-control agents were tested against the
nematode infection by many workers. T
album and B. megaterium have been used
as biocontrol agents against soil bome,
foliar and post-harvest phytopathogenic
fungal pathogens Abou-Zeid and Zaid
(2006). The soil fungi Trichoderma spp.
are potential nematode bio-control agenis.

Tvtenchulus

on many food, vegetables and cash crops
Dababat and Sikora (2007), Affokpon et
al. (2011). Besides Trichoderma spp., B.
megaterium is common soil beneficial
bio-fertlizer belonging to plant growth
promoting rhizobacteria have also been
used for controlling root-knot nematode
Padgham and Sikora (2007), Oliveira et
al. (2009). The biological effects of the
bio-active product of marine brown algae
of Ascophyllum _nodosum have been
proved  cconomic and  eco-friendly
‘approach in reducing rool-knot nematode
infestation Wu et al. (1998). In the past
few decades, a number of commercial
products based on microorganisms have
been developed and marketed s bio-
pesticides,  biofertilizers and  soil
amendments. However, the use of
imported forcign bio-agents, that are less
adapied to local climates, conditions or
target species, has lead to contribute a
limited success and variability of results.
It may therfore be necessary to isolate
and identify locally suitable isolates for
use in nematode management programs
Stiding (1991). The ability of &
megaterium (Bioarc) and T _album
(Biozeid) was tested for controlling
Meloidogyne incognita_on_tomato. by
Radwan et al. (2012) and Meloidogyne
javanica on sunflower by Hammad and
Zaid (2007),

‘The aim of the present study was assess
the effect of Bacillus megaterium and
Trichoderma against  citrus
nematode (Tylenchulus semipenctrans)
infected Baladi Orange and Lime
scedlings growth under laboratory and
greenhouse conditions.

album
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the present study. g stage ws the most
cold susceptibl Stag. This conclusion s
in agreement with the general heory that
th g 1 the most cold susceptbl stage
of most stored-product insects (Fiels,
1902). The pupal stage of . cautela wss
found 1o be the least senstve Sige 10 -
SC for which LT,y of 144 hrs were
required " (Donahaye et al. 1995)
Numerous studies have been undertaken
on the influnce of temperature close to
C and sub.zero tempertures on siored
product insects. Imai & Harada. (2006)
entoned that low temperature sirage
may present feasible” ahemative 1o
chermical fumigaton of stored tobaco.

Beckett (2011) demnstrated. that low
temperatures will have a_considerable
impact on the population parameers of
insects ‘and hence can be  available
method of  conwol.  However,
disinfstations of stored-product insects
with sub-zero temperatures are well
documented  (Fickds,  192;  Bank
&Ficlds, 1995; Donahaye et al. 1995;
Collins et al. 2006). The present data
clearly indicate that exposure o sub-zero
temperatures could result in 3 high
mortlity of this major pest of stored
product, thus providing a usefl tol for
it control in respect to Integrated Pest
Management Programs (IPM).

Eggs stage was the most sensitive stage
t0 high temperatures followed by pupac,
and late larval instars. Our resuls show
also_that more than 59.06 minutes at
45°C of exposure were sufficient to reach
2 95% martality of the cgg stage at 45°C.
Increase in temperature decreased the
exposure time for all stages of the pest.
On the other hand, the more exreme
temperature, the more quickly all stages
of E. cautella die, with death occurring

in a fow minutes at 60°C. Results
conceming the effect of heat freatment
on the different developmental stages of
E. cautella have been maiched carly by
Fields (1992), Marouf et al. (2003),
Adler (2006), Zhao et al. (2007), Ben-
Ialli ef al. (2009) and El-Naggar &
Mikhaiel (2011). Fields (1992) reported
that the more extreme temperature the
more quickly insects die, with death
occurring in a few minutes at 55 °C. He
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