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ABSTRACT: Different developmental stages of the Indian meal
moth, Plodia interpunctella were exposed to a modified atmosphere
of carbon dioxide in air-tight containers for different exposure
periods. Also, some biological aspects of stages obtained from eggs
and larvae that survived from CO2 treatments were studied.
Cumulative mortality percentages of the different stages were
increased as the exposure period to the tested gas (CO,) increased.
Complete mortality was recorded after 8, 8, 8 and 2 days for eggs,
larvae, pupae and adults, respectively. Adult stage was the most
sensitive to the gas than the other stages. High levels of larval
mortality occurred among those descended from the gas- survived
eggs especially of three days old. Percentage of larval mortality of
obtained from gas-treated eggs increased as the exposure period to
gas increased. Percentage of larval pupation clearly decreased for
larvae obtained from gas- exposed eggs for the longest period. First
larvae were more sensitive to the gas than the older ones especially in
the shortest period of exposure. However, survived young larvae
recorded the highest percentage of pupation than the third and fifth
instars. Emergence of adults descended from eggs and larvae that
survived from CO2 treatments clearly obtained as the exposure
period to the gas increased.

Key words: Carbon dioxide gas, Plodia Interpunctella, stages,
atmosphere, survived, mortality.
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INTRODUCTION

Stored-grain pests cause severe
quantitative and qualitative losses,
which have serious implications
for the availability of food,
especially in those areas of the
world where grain storage is
poorly managed due to the lack of
proper knowledge and technology
(Sauer et al., 1992 and Harein and
Davis, 1992). In developing
countries, the indiscriminate and
improper use of insecticides to
control the proliferation of stored
grain pests has resulted in the
development  of  insecticide-
resistant strains which require an
increase in pesticide dosage as
well as frequency of applications
to keep them under control
(Champ and Dyte, 1979).

It is therefore imperative to
develop alternative methods that
are economically feasible and
ecologically accepted to control
stored grain pests. Carbon dioxide
is now being used in several
countries for the treatment of
stored products, particularly grain
bulk to control insects (Cossentine
et al., 2004 and Conyers and Bell,
2007). The action of CO, as a
modified atmosphere treatment lies
in its  availability, relative
convenience, and safety of
application beside the fact that it
does not leave toxic residues
(Conyers et al, 2001). Modified
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atmosphere treatments depend for
their effectiveness in combating
insects by removal of life
supporting oxygen or addition of
toxic levels of carbon dioxide
which producing hypercarbonic or
combination of the two in practical
control treatments (Bell, 1984).

In practice, the effectiveness of
any chemical control measure or
non-chemical is based on insect
mortality thus ignoring other
effects that could be greater than
those shown by mortality data
alone. Alteration in the biological
aspects of insects surviving from
treatment with sub-lethal CO,
concentrations in atmosphere was
indicated by some investigators
(Hashem and Reichmuth, 1994,
Ismail et al., 1995; Hashem, 2000;
Aamir et al., 2006 and 2008). The
present work was undertaken to
investigate toxicity of carbon
dioxide gas on the different stages
of Plodia interpunctella.

MATERIALS AND
METHODS

Test Insect

A large batch of
P. interpunctella (Hubner) was
supplied by Stored Products Pests
Dept., Plant Protection Institute,
Dokki, Giza, Egypt as adults and
reared under laboratory conditions.
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Rearing medium used for rearing
this insect was composed of dry
date fruits with medium diet
composed of crushed maize
kernels (1000 gm) + sugar cane
powder (100 gm) + glycerin (25
ml) + yeast powder (5 gm)+ tap
water (75 ml). The adults were
introduced to 1 kg glass jars half
filled with commercial dry date
fruits and the jars were kept in an
incubator adjusted at 30+ 1°C. and

60+ 5% R.H. according to
Subramanyam and  Cutkomp
(1987).

The following insect stages
were exposed. Three ages of eggs
viz., 1, 2, 3 days old were exposed
to the gas. Five replicates of 20
eggs each were used. Eggs of each
replicate were gently put in the
plastic base of the wire gauze cage
over small quantity (0.5 gm.) of
medium diet. Three larval instars
(first, third and fifth larval instars)
were exposed to the gas. Five
replicates of 10 larvae each of each
instar were used for testing. Larvae
of each replicate were confined in
a wire gauze vial with small
amount of medium diet and small
pieces of dry date fruits. Pupae of
different ages (1- 3 days old
pupae) were used. Five replicates
of 5 pupae each were gently caged
in a wire gauze vial without any
medium diet to be ready for gas
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exposure. Newly emerged adults
(0- 1 day old) were used for
exposure to CO, gas. Four
replicates of 2 pairs of moths each
were used and introduced in wire
gauze cage supplied with small
amount of medium diet to be ready
for testing.

Gas Exposure Technique

Wire gauze cage was used as
exposure unit. Copper wire gauze
of 60 mesh/inch was used for
making the cages of insect
exposure to gases. These cages
were cylindrical in shape (4 c¢m
diameter x 7 cm height) supported
at the bottom with a plastic base
and at the other end with a plastic
ring covered with a punctured
covers or muslin cloth. The known
urine collection plastic bags were
used as gas exposure chambers.
These bags are rectangular in
shape (18 x 23 cm) and of 2000 ml
capacity (Aamir et al., 2008).

The cages of the different
developmental stages of P.
interpunctella which reared and
prepared as mentioned before were
put in the exposure chamber
through a lateral cut and the bags
were tightly sealed using a hand
pressing sealer. The air inside the
bag was allowed to get out by
gently pressing on the bag and then
the bag was connected to gas
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cylinder (CO,) through a rubber
hose and the long tube of the bag.
The gas was allowed to purge very
slowly inside the bag for about 20—
30 seconds to ensure complete
exchanging the air inside the bag
with the tested gas without any
pressure inside the bag. Valves of
the treated bags were tightly closed
and the bags were kept in an
incubator adjusted at 30 + 1°C for
different periods of gas exposure
(1, 2, 4, 6 and 8 days). At the end
of each exposure periods, the bags
were aerated and the wire gauze
cages were taken out from the bags
and kept at 30°C to record the
mortality. Egg stage mortality was
recorded after hatching where the
hatched larvae - were counted.
Mortality of larvae, pupae and
adults was directly recorded by
observation and using of a fine
brush. The mortality (%) data were
corrected by Abbott (1925) and
statistically analyzed according to
Finney (1971) using the computer
(Probit analysis program).

_RESULTS AND
DISCUSSION

Susceptibility of the Different
Stages to CO,

Data presented in Table 1
showed that mortality of insect
increased as the exposure period to
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the gas increased. Adult stage was
the most sensitive stage recording
a complete kill after 2 days of
exposure. Susceptibility of eggs
differed from one age to another
and from an exposure period to
another for the same age. Eggs of
two days old were less susceptible
than the other two ages, while
oldest eggs were the most
susceptible. However, all eggs of
different ages completely died
after 8 days of exposure (Table 1).
Larvae were less susceptible to the
gas than eggs during the first three
periods of exposure; older larvae
were more tolerant than the young
ones. A complete kill was occurred
for all ages of larvae after 8 days
of exposure. Pupal mortality took
approximately the same trend
recorded for larvae of the first
instar. Similarly, a complete
mortality of pupae was achieved
after 8 days of exposure. The LTs
and LTgy values of both stages
(eggs and pupae) were relatively
close and less than that of larvae
indicating that these two inactive
stages were more susceptible to the
gas than the larval stage. In other
words, larval stage of this insect
was the most tolerant stage to CO,
at any period of exposure but
completely died also after 8 days of
exposure (Table 1).
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Some Biological Aspects of
Stages Obtained from Eggs
that Survived Gas Treatment

Results in Table 2 indicate
generally that the studied biological
aspects of individuals obtained from
gas-treated eggs were clearly
influenced specially that developed
from the oldest eggs. Larvae
obtained from gas treated eggs
recorded different levels of morality
according to the age of treated eggs.
High levels of larval mortality
occurred among the larvae
descended from the gas survived
eggs specially those of three days
old eggs. Percentages of larval
mortality increased as the period of
eggs exposure to gas increased. The
highest mortality (79.6%) was
recorded for the larvae obtained
from three days old eggs exposed to
gas for 6 days. It was noticed,
however that pupation percentage of
larvaec obtained from gas- treated
eggs was clearly affected by the gas
exposure period. Percentage of
larval pupation clearly decreased for
larvae obtained from eggs exposed
to the gas for the longest period
compared with that descended from
eggs exposed to the gas for short
periods. There was no obvious
effect for the age of gas-treated eggs
on larval pupation. However,
pupation was slightly reduced for
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larvae obtained from the old eggs
especially that exposed to the gas for
6 days. Mortality of pupae obtained
from the larvae hatched from gas-
treated eggs was clearly affected by
gas treatment, age of treated eggs
and gas exposure period. High
percentages of pupal mortality were
recorded for the pupae obtained
from the eggs of different ages
exposed for 6 days to the tested gas.
Emergence percentages of adults
descended from gas treated eggs
were pronouncedly influenced by
age of tested eggs and gas exposure
period. Emerged adults obtained
from gas exposed eggs for longer
periods was highly reduced than that
exposed for’ shorter periods.
Emergence of adults descended
from young eggs exceed that
descended from old eggs. The least
percentage of adult emergence
(20.91%) was recorded for the gas-
treated eggs of three days old for 6
days.

Some Biological Aspects of
Stages Obtained from Larvae
that Survived Gas Treatment

.

Some biologd cal aspects of the
larvae at 1%, 2™ 3 and 5" instars
that survived from CO, treatment
were investigated. The percentage of
mortality of pupac and adult
emergence produced from survived
larvae are presented in Table 3.
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Table 1. Responses of the different stages of Plodia interpunctella
exposed to carbon dioxide after different periods at 30+ 1°C

Mortality (%) at exposure periods(in days) LTs LT.
Treated stages v ) y * *  Slope

1 2 4 6 8 (indays) (indays)

One day old - 5375 7193 §9.25 100 204 571 2.71
:‘3 Two days old - 4193 60.54 8436 100 262 6.71 3.15
= Three daysold -  62.57 84.12 9566 100 1.65 429 3.10
o First instar - 45.00 60.00 80.00 100 2.55 7.30 2.81
E Third instar - 3500 57.50 77.50 100 296 738 3.23
3 Fifth instar - 17.50 42,50 73.00 100 3.82 7.69 4.21
Pupae - 4545 63.63 81,80 100 246 687 2.88
Adults 87.50 100.00 - - - - - -

Table 2.Some biological aspects of Plodia interpunctella stages
obtained from eggs of different ages exposed to carbon
dioxide gas for different periods

Exposure periods (in days)
2 4 6 8
Treated 1891 3847 4546 -
Untreated  6.42 780 667 122
0 . Treated 81.08 61.53 54.54 -
7o pupation Untreated 93.58 9220 9333 878

° . Treated 2000 4375 66.67 -
ST IR naed 2 ST B 116
0 I‘eate . . . -
/6 emergence Untreated 9745 04.83 9101 8831
% mortality of larvae  Treated 1373 36.80 48.70 -
Untreated 3.80 520 790 10.81
% pupation Treated 8627 6320 5130 -
Untreated 9620 94.80 92.10 89.19
% mortality of pupae  Treated 2207 49.68 7055 -
Untreated 132 410 572 7.58
% emergence Treated 7793 5032 2945 -
Untreated 98.68 9590 9428 92.42
% mortality of larvae ~ Treated 3291 5237 79.60 -
Untreated 3.85 513  7.80 10.53
% pupation Treated 7465 63.60 4750 -
Untreated 96.15 94.87 9220 89.47
% mortality of pupae  Treated 16.80 60.60 79.09 -
Untreated 134 541 846 17.58
% emergence Treated 83.2 3940 2091 -
Untreated  98.66 94.59 91.54 9242

Treated eggs Studied aspects

% mortality of hatched larvae

One day old

Three daysold Two days old
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Percentages of gas survived
larvae that succeeded to pupate
were clearly reduced as the
exposure period was prolonged
for the three tested larval instars.
However, survived young larvae
recorded the highest percent of
pupation while those of the third
and fifth instar recorded the
lowest levels of pupation
especially with the two former
periods of exposure. High
numbers of pupae obtained from
the gas survived larvae were
died and didn't complete to

adults, especially of that exposed
to the gas for longer period (6

- days) and also that descended

from the oldest larvae Table 3. It
seems from the results that
percentages of adult emergence
that descended from gas
survived larvae were highly
reduced as the exposure period
to gas increased and also as the
mortality of pupae increased.
There was no obvious effect of
larval instar on the percentage of
adult emergence (Table 3).

Table 3. Some biological aspects of Plodia interpunctella stages
descended from larvae of diffcrent ages exposed to carbon
dioxide gas for different periods :

Larval instars

Studied aspects

Exposure periods (in days)
2 4 6 8

% pupation

Tome

]

N

2

= L) 1

< %o mortality of pupae

i

[
% emergence
o .

- Yo pupation

2]

d

w

=

=

=

e % emergence
% pupation

S

Nad

2]

=

=

S

& % emergence

Treated 81.81 81.25 50.00 -
Untreated 94.87 9230 89.74 84.20
Treated 16.67 3846 75.00 -

Untreated 2.78 5.60 8.34 11.20
Treated 83.33 61.53 25.00 -
Untreated 97.22 94.40 91.66 88.80
Treated 73.07 58.82 44.44 -
Untreated 97.43 94.87 92.10 89.47
% mortality of pupae Treated 2632 50.00 75.00 -
Untreated 2.71 6.90 8.34 8.60
Treated 73.68 50.00 25.00 -
Untreated 97.29 92.10 91.66 91.40
Treated 69.69 6521 50.00 -
Untreated 95.00 94.87 94.90 92.89
% mortality of pupae Treated  26.09 46.67 60.00 -
Untreated 0.00 2.71 890 5.90
Treated 73.91 53.33 40.00 -
Untreated 100.00 97.29 91.90 94.10
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These findings agree with those
obtained by some authors such as
Harein and Press (1968) who
exposed larvae of
P. interpunctella to mixtures of
nitrogen, oxygen and carbon
dioxide for 7 and 14 days. It was
found that mortalities increased by
extending the exposure period
from 7 to 14 days. Marzke and
Pearman (1970) who exposed
larvae of the Indian meal moth, P.
interpunctella to CO, for different
periods found  that larval
percentage of mortality increased
as the period of exposure
increased. They also added that
mortality varied with age and
species of insects. Tunc (1983)
studied the effect of low oxygen
and high carbon  dioxide
atmospheres on the eggs and
larvae of P. interpunctella. Results
indicated that 0~ 24 h. old eggs
were killed by 100% in low
oxygen atmospheres (1.8 and
4.2%) after 3 and 4 days of
exposure respectively. Only 7% of
the eggs could hatch in 5.7% CO,
after 4 days of exposure. High
carbon dioxide atmospheres (19.7—
44.3%) caused 100% or little less
morality of the eggs over 3 days
exposure. It was also found that
13— 16 days old larvae were more
tolerant than the eggs in both
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atmospheres. Suss and Locatelli
(1991) mentioned that - carbon
dioxide concentration of 70% in
silos containing 1000 tones of
wheat infested with Sitophilus
granarius, S. oryzae, Rhyzopertha
dominica, Tribolium castaneum
and Plodia interpunctella was
more effective against the test
insect at any time of sampling after
treatment. Sauer and Shelton
(2002) exposed the pupae of P.
interpunctella to atmospheres of
60 or 80 or 98% CO; in N, or 60
or 80% CO, in air at 26.7 or 32.2
°C. and 60% R.H. At both
temperatures, high CO,
concentration treatments combined
with nitrogen killed pupae faster
than high CO; concentration
treatments combined with air.
Navarro ef al. (2003) determined
the effectiveness of vacuum or
CO, in combination with increased
temperature.  For  controlling
Tribolium castaneum, Ephestia
cautella and P. interpunctella. For
E. cautella and P. interpunctela
adults were the most susceptible,
with LTgg of only 6 and S5Sh.,
respectively. Awadalla  (2006)
studied the effect of pure carbon
dioxide against Sitotroga
cerealella (Olivier), He reported
that cumulative mortality of the
different stages increased as the
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exposure period increased to reach
100% in the 4™ day for adults, in
the 7™ day for eggs and in the 9™

day for larvac and pupae,
respectively.
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