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ABSTRACT: This study was conducted in the laboratory pests of

stored product to evaluate and compare the efficiency of onc of the

most known pesticides (malathion) as a chemical protectant for

stored grains and the controlled atmosphere method using CO- or N,

gases against the rice weevil, Sitophilus oryzae (L.). The obtained

results could be summarized as follows :

1.The tested concentrations of malathion (2, 3, 4, 5 and 6 ppm)
caused different levels of mortality of S. oryzae adults exposed to
trecated wheat grains. The percentages of mortality after 4 days
were 84, 88, 92, 97 and 98% for 2, 3, 4, 5 and 6 ppm., respectively.

2.CO; pure had induccd 100% mortality for adults after 1 day of
exposure and after 2 days for eggs and larvae and after 4 days for
pupac. The adults were the most susceptible stage to pure CO;,
while pupae were the most tolerant to the gas under laboratory
conditions.

3.Carbon dioxide was more cffective at the highest temperature
(30°C) than at the lowest one (20°C).

4. The residual effect of malathion treated grains after one month
were 40, 66.47, 51.23 and 100% mortalities for eggs, larvae, pupae
and adults, respectively. After two months the mortalities were
62.57, 89.35, 80.21 and 100% for the different stages of the same
order. The mortality percentages due to both gases separately were
100% for all tested stages after one or after two months of tightly
storage. _

Key words: Inert gases, malathion, Sitophilus oryzae, modified

atmosphere, control.



INTRODUCITON

Attention has been focused on
the problems arising from the wide
use of chemical pesticides for pest
control  (specially  of  stored
products by the authorities
concerning the public health and
environment Wrold Health
Organization (WHO) and
Environmenta Protection Agency
(EPA) who emphasized upon using
of alternative methods for pest
control. Malathion was onc of the
most chemical protectants which
widely recommended n  many
parts of the world against nsect
pests  of stored products. Now a
days consumers expect pesticides
residue free food products or with
much reduced  residue  levels.
Modified atmospheres have an
important role in integrated pest
management  systems that  are
pesticide free (Banks er al., 1991).
Many studies have been conducted
to control the stored product pests
by using this gas singly or m
mixtures with oxygen and nitrogen
(Hashem, 2000). The
CO;z, as inert gas, lies m its
avatlability, relative convenience.
and safety of application beside the
tact that it does not leave toxic
residues (Jay, 1980 and Aamuir,
2006).

The present work deals with the
effictency  of CO; against the

Jifferent stages of the rice weevil,

action of

Autnig, of il

S, oryzae in comparison  with
malathion as the most known
chemical protectant against stored
product insect pests.

MATERIALS AND
METHODS

Rearing Technique of Test Insect

The original cultures of the rice
weevil, S, orvzae were started
through batches of adults collected
from infested stored grains.

Wheat grains variety Sakha 93
were used as a rearing host. I'resh
wheat grains were firstly examined
to insure and free of toxic residucs
then it were tightly packaged in
plastic bags and kept at - 13 °C. in
a deep freezer for 48 hr. at least to
kill insects and mites that nught be
present.  The  kernels  were
conditioned with respect to the
water contents to be about 12%
before starting the rearmg. Dry
yeast was added to the wheat
grains at a rate for 12 gm/kg and
mixed thoroughly. The stock
cultures were sct up by introducing
500 adults of the insect into cach |
kg, glass jar half filled with the
prepared medium  and  ughtly
covered with muslin sccured by
rubber bands. The jars werce kept in
an incubator at 27 += 1 “C. and 60 +
5% r.h. (Miller er af.. 1969). The
adults were permitted to oviposit
in these cultures for 3 days and
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then removed by sifting through a
No. 10 or 12 sieve. The medium
with eggs was returned to jars and
the jars were put again at the same
conditions. When the newly adults
were emerged (F1), large batches
were sieved, mixed thoroughly and
introduced into new prepared
rearing jars as mentioned above to
initiate  new  cultures.  The
following procedures were
conducted to obtain the different
stages experiments.

Egg stage

Bathces of 500 adults each ot |
-2 week. old were sieved out from
cultures and introduced to 1 kg
glass jars half filled with wheat
grains  mixed  with  yeast
(conditioned wheat grains + dry
yeast). After two days of egg
laying the adults were removed
and transferred to other new
prepared jars and the medium were
returned again to jars. Samples of
100 wheat grains (containing 0-2
day old eggs) were taken
randomly. These samples were put
separately inside wire gauze cages
to be ready for gas exposure or
malathion treatment. Four
replicates were prepared for cach

treatment as well as for the control.
Larval stage

The wheat grains containing 0-
2 day old eggs were left to obtain
larvae explained below two days
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as mentioned above in case of egg
stage were used for rearing the
larval stage as follows: Wheat
grains with 0 — 2 days old egg
were maintained at  the, same
conditions (27 £ 1 °C. and 60 + 3%
r.h.) for a period of 3 wecks to get
up approximately the mid period
of the larval stage. (sample of
grains were soaked in water for
one day and dissected thoroughly
to ensure existence and age of
larvae). Batches of 100 grains each
were taken randomly from these
grains and put inside wire gauze
cages (4 x 8 cm) to be ready for
treatments.

Pupal stage

Another batches of wheat grains
containing 0-2 day old eggs were
left to reach up the pupal- stage.
These grains were kept in the same
glass jars at the same conditions
for one month, then, the pupae
were developed (some grains were
dissected to ensurc the presence of
pupal stage). Batches of 100 grains
each (5 gm approximately) were
taken randomly from these grains
and put in cages as mentioned
above in larval stage to be ready

£ 3 ~ + Tatha
for different gases or to malathion

treatments.
Adult stage

A quantity of medium with 0-2
days old eggs was thus maintained
in the same jars of culture” at the
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same condition of rearing until
emergence of adults.

Batches of 30 adults (1-2 week.
old) each were collected from
cultures using a fine brush and
glass tubes these batches were
transferred to wire gauze cages and
used for testing. Large batches of
adults - were sieved from the
available cultures, mixed
thoroughly and used for initiation
new  cultures, 500 adults
approximately for each jar as
described before.

Gases Experiments

Vessels of insect exposure to

gases
Wire gauze cages (exposure
unit)

Copper wire gauze of 60

. mesh/inch were used for making
the cages of insect exposure to
gases.

These  cages  were

Aamir, et al.

cylindrical in shape (4 cm 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 (Fig. 1).

Plastic
chamber)

bags  (exposure

The known urin collection bags
(call also drainage bags in field of
medicine) were used as gas
exposure chambers (Fig. 2). These
bags are rectangular in shape (18 x
23 cm) and 2000 ml volume. Fach
bag has two tubes (hoses) at the
both ends. One of the two tubes is
long (inlet tube) at the front of the
bag and the other tube (outlet tube)
1s short and located at the other
end of the bag. Each tube has at its
free end a built in valve and a
cover which could be tightly
closed.

Fig. 1. Gas exposure units
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Fig. 2. Gas exposure chamber

Gas exposure procedures

The cages of the different stages
of S. oryzae prepared as mentioned
above were put (four-five
replicates for each stage) in the
plastic bags 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 cylinder
(CO; or Np) 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 completely
exchanging the air inside the bag
with the gas without any pressure
inside the bag. Valves of the
treated bags were tightly closed
and the bags were kept under the
tested conditions for the tested
periods of gas exposure. At the end
of exposure, the bags were aerated

and the wire gauze cages were
taken out from the bags and
examined immediately for
recording the death of adult stage.
The cages of the developmental
stages of S. oryzae (egg, larvae
and pupae) were maintained in the
incubator at the tested temperature
until adult emergence and the
percentages of mortality of these
developmental stages were
calculated, corrected using abbott ,
formula (Abbot, 1925) and
recorded. The data obtain were
statistically analyzed according to
(Finney, 1971), using the computer
(probit analysis program).

Compai‘ative Study Between
(malathion) and the Inert Gases
for Controlling S. oryzae

An experiment was conducted
in the laboratory to compare the
efficacy of inert gases (CO, and
N,) and malathion and one of the
most known protectant against the
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stored  product, insccts.  This
experiment was conducted as
follows :

Toxicity of malathion against
adult stage of S. oryzae

Treated grains technique was
used for evaluation the toxicity of
malathion to S. oryzae adults.
Serial concentrations of malathion
were prepared (using talc powder
as a diluent) on the base of weight
of insecticide to weight of grains.
Quantities of wheat grains (Sakha
93) 50 gm. each of about (3%
water content were put in vials of

3.5 x 0.5 cm. and mixed
thoroughly with the suitable
concentration of  malathion
powder. l‘ive concentrations of
malathion were tested to give
graduatcd  mortality (%) (o
cstablish the concentration
mortality regression line. Four
replicates  were  used  for  each

concentration as well as for the
untreated. Grains of  untreated
replicates were treated with tale
powder only.

adults of 1-2
weck-old were introduccd to cach
vial, the vials were covered with
muslin secured with rubber bands
and kept at 30 £ 1 °C and 60 = 5%
r.h. Mortality counts were recorded
daily for a period of 4 days and the
cumulative  mortality  percentages

Twenty  five

Jieagiiin, of add,

were rtecorded and  corrected
according to Abbott’s formula

(Abbott, 1925). The concentration
mortality regression lines were
statistically analyzed according to
the method described by Finnev
(1971).

The different  developmental
stages of S. ormzae which were
reared as mentioned before were
exposed separately to mert gases
and malathion as follows :

Twelve samples of 300 wheat
grains (15 gm) each infested with
the different developmental stages
of 5. oryzae (three for cach stage).
These replicates were treated with
malathion  powder  at  the
concentration that kill 98% of
adults (6 ppm according to the
previous tests) and put scparately
In wire gauze cages. Another 12
samples were treated with tale
powder only to be used as control
and tightly sealed. Thesc replicates
were introduced nto urin bags
(three replicates of each inscet
developmental stage for one bag).
Other three groups ot 12 similar
samples each onc of which was
treated with CO», the second group
was treated with N5 and the third
group was treated with the normal
atmospheric air to be used as
untreated. Method of gas exposure
was described  previously.,  All
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these bags were kept at 30 £ 1 °C
In an incubator.

The treated bags by malathion
and the two tested gases and their
untreated controls were opened
after one month to record the
mortality of adult stage and the
mortality of the other
developmental  stages.  Similar
experiment was conducted exactly
but the plastic bags (exposure
chambers) were opened after two
months.

RESUTLS AND
DISCUSSION

The efficiency of malathion,
CO; and N; treatments against the
different stages of the rice weevil,
S, oryzae under laboratory
conditions could be discussed as
follows :

Toxicity of Malathion

Data presented in Table 1
showed that the tested
concentrations of malathion caused
different levels of mortality (%0) of
S. oryzae adults. The of mortality
(%) after one day were 23, 31, 40,
76 and 80% for the corresponding
concentrations of 2. 3, 4. 5 and 6
ppm. respectively.

After 2 days exposure, the
cumulative mortality percentages
took the same trend of the first day
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recording 52% for 2 ppm and
increased to 85% for 6 ppm.
Mortality increased gradually as
the exposure period was increased
reaching to 98% after 4 days of
exposure t0 6 ppm. LCsy values
clearly decreased as the exposure
period of adults to the treated
grains increased recording 3.745,
1.792, 0.4299 and 0.725 ppm for 1,
2, 3 and 4 days of exposure
periods, respectively. LCq; values
took the same trend also recording
8.564, 7.0815, 3.969 and 2.997
ppm after 1, 2, 3 and 4 days of
exposure. respectively. It could be
concluded that treatment of wheat
grains with malathion at the
concentration of 6 ppm was
eftective to induce nearly completc
kill of all existed adults.

Efficiency of Carbon Dioxide
Under laboratory conditions

Data in Table 2 indicated that
the developmental stages and
adults of S oryzae exhibited
different levels of susceptibility to
CO, at different exposure period.
The mortality percentages of
insects after 6 hrs. of gas exposure
were 33.27, 39.42. 20.23 and
45.8% for eggs. larvae, pupae and
adults, respectively. Cumulative
mortality (%) increased in the
subsequent periods of exposure by
different rates reaching 100% alter
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24 hrs. exposure for adults and 48
hrs. for eggs , larvae and 89.4%.
for pupae. Adults were the most
susceptible stage while pupae were
the most tolerant stage , larvae and
~ eggs were in the middle position in
their susceptibility. LTsy values
were 9.064, 7.865, 13.956 and
6.854 hrs. for eggs, larvae, puape
and adults, respectively. LTy

Aamir, ef al.

values took exactly the same trend
of LTso recording 24.586, 19.678,
49.031 and 15.475 hrs. for eggs,
larvae, pupae and  adults,
respectively. Slope values of the

regression lines revealed that
larvae and adults were more
homogeneous in their

susceptibility to CO; than eggs and
pupae.

Table 1. Cumulative mortality percentages of S. oryzae adults
exposed to wheat grains treated with malathion dust at 30 +
1 °C and 60 = 5% R.H. for different exposure period

Concentrations Exposure periods (in days)

(in ppm) 1 2 3 4

Untreated 0 0 0 0

2 23 52 83 84

3 31 70 85 88

4 40 80 89 2P

5 76 &3 92 a7

6 80 85 95 98

LCs 3.745 1.792 0.4299 0.725

LCo 8.564 7.0815 3999 2°9%7

Slope 3.567 2.148 1828 2.0799

Table 2. Mortality (%) of the different stages of Sitophilus oryzae
exposed to pure carbon dioxide at 30 °C.

Treated Exposure periods (in hrs)
stages LCSU LC«)U Slope
6 12 24 48 72
Eggs 33.27 59.53 88.173 100 100 9.064 24586 2.957
Larvae 3942 65.13 95.7 100 100 7.865 19.678 3.218
Pupae 20.23 4193 72299 894 100 13.956 49.0312 2.348
Adults 45.8 73.84 100 100 6.854 15475 3.623

100
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Under different degrees of
tcmperature

Table 3 show the effect of
temperature on the efficiency of
CO, gas against the different
stages of S, oryzae at different
exposure periods. It was observed
that efficiency ol CO; gas clearly
mmcreased as the tested degrees of
temperature increased. At 20°C
and after 1 day exposure, adults
were the most sensilive stage
recording the highest mortality
percentage (89.32%) followed by
larval stage (81.19%) and egg
stage (70.83%) while the pupal
stage was the most tolerant stage
(55.73%). In the second day and
the subsequent days. the mortality
took the same trend of the first day
rcaching 100% mortality after the
4" day for adults and after the 6"
day for eggs and larvae. Mortality
of pupae reached to 99.9% after 6
days of gas exposure. LTsy values
were (.315, 0.427, 0.520 and 0.935
days for adults, larvae, eggs and
pupal stages, respectively. LTy
values took exactly the same trend
of LTsy. Slope values of the
regression lines revealed that eggs
and pupae were thc most
heterogeneous stages from  their
susceptibility point of view. The
other two stages (adult and larvae)
- were more homogencous for their
susceptibifity.
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At 25 °C the relative sensitivity
of the different stages to CO, gas
remaincd as that of the previous
lemperature, but the percentages of
mortality were increased than that

of 20 °C.

At 30 “C, mortality of (all
stages) increased comparing with
the temperatures less than 30°C. A
complete mortality of adults was
occurred after 1 day exposure only
while the other three stages were
completely died after 4 days. Slope
values of the regression lines were
2.715 for pupae. 4.026 and 4.321
for eggs and larval stages
indicating a higher degree of
homogeneity for the susceptibility
of egg and larvae to CO; gas.

Comparison Between
Malathion, Carbon Dioxide and
Nitrogen for Controlling 8.
oryae

Data presented in Table 4 show
the efficiency of malathion , CO;
and N, for controlling the rice
weevil.

After onc month exposurc the
mortalities (%) of tested stages
with malathion were 40, 66.47,
51.23 and 100% for egg. larvae,
pupae and adults, respectively.
Malathion was less etfective
against eggs, larvac and pupae of
S. oryzac but was very effective
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Table 3. Mortality (%) of the different stages of S. oryzae exposed to
pure carbon dioxide at different temperatures for different
exposure periods

Tested

Exposure periods (in days

stages : 2 5 i 4( d ; LCs LCy  Slope ngsg:;: ’
Eggs 70.83  84.67 90.32 100 0.520 2.724 1.782
Larvae  81.19 90.34 9871 100 0427 1623 2210 —
Pupae 5573 7184 8292 999 0935 4137 1.985
Adults 89.32  95.63 100 100 0315 1.092 2374
Eggs 82.09 9354 988 100 0415 1.468 2337
Larvae 9321 98.56 100 100 0282 0846 2.684
Pupae 6346 7973 9532 100  0.781 2616 2.441 2
Adults 94.6 99.9 100 100 0472 0859 4.933
Eggs 87.24 99 100 100 0.522  1.086 4.026
Larvae 96.36°  99.9 100 100 0.384 0761 4321
Pupae 7093 8573 992 100  0.671 1.990 2.715 0e
Adults 100 100 100 100 : : 3
Table 4. Mortality (%) of the different stages of S. oryzae as exposed

to malathion, pure carbone dioxide and pure nitrogen at
constant temperature of 30+ 1 °C

Treatment Exposur Tested stages
¢ periods
Eggs Larvae Pupae Adults

Malathion (6ppm) 40 66.47 51.23 100
Co, 2E 100 100 100 100

Qe
N, 100 100 100 100
Malathion (6ppm) 62.57 89.35 80.21 100
CO, 5 g 100 100 100 100

=

N, 2 100 100 100 100
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against adults at the tested
concentrations. The mortality (%)
due to the treatment (carbon
dioxide and nitrogen treatment)
were 100% for all tested stages.

After two months of infested
grains storage treated with the
tested chemicals the percentages of
mortality induced by malathion
were 62.57, 89.35, 80.21 and
100% for eggs, larvae. pupae and
adults, respectively, while the
tested gases completely killed all
stages recording 100% mortality at
the end of the tested pericd.

The protective and curative
control of wheat as any other
cereal from the rice weevil or any
other insect pests of stored
products were mainly based on
preventive measure and the use of
chemical prodectants and
fumigant. Inert gases represents
specially during the last three
decades the most suitable and sate
method for controlling pests of
stored products. The findings of
this study of both malathion and
inert gases are in agreement with
those  recorded by  many
mvestigators.  Alganatay  (1974),
Suchita er ¢l (1989) and Biswas et
al. (2001) found that malathion
was one of the most effective
compounds against the adults of

Nirophifus orvzae. Also. Kijajic
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and Peric (2006) applied the
insecticide  malathion  against
Sitophilus granaries adults. and
recported that malathion had the
least toxic effect on the weevils
originating {from Belgrade Port and
Kikinda.

However, in the present study
malathion was effective against
adults (which exposed directly to
grains treated by the insecticide
dust) but not effective against the
other stages (eggs, larvaec and
pupae) because these stages live
inside grains.

The tested gases (CO, and N)
were  more  effective than
malathion when the infested grains
were treatecd with these chemicals
and tightly stored for limited
periods.

The obtained results concerning
the efficacy of CO, against the
tested stages are in agreement with
those obtained by Zakladnoi
{1976) who reported that pure CO,
was more rapidly toxic than pure
nitrogen to the adults of Sitophilus
oryzae at all three experimental
temperatures (20, 25 and 35°C).
Jay (1984) noticed that increase in
temperature results i a  higher
mortality in case of insect
treatment with the atmospheric
vases and could be wuseful in
reducing  the  treatment  pertod.
Locaelh and  Daolie (1991
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investigated the effectiveness of

(O ar different temperature (20,
25, 30 and 40°C) against Sitophilus
oryzae and Rhyzopertha dominica
and found that lew eggs of R
dominica less than 1% could
survive at 20 “C for 48 h., while
100%  mortality was recorded
within 24 h. at 30°C. and within.
At 40 “C, the total larval mortality
was recorded within 30, 24, 24, 12
and. At 20, 25, 30, 35 and 40 "C,
respectively. Pupae were lcss
sensitive . to CO, than the other
stages.  Total adult mortality
occurred within 24, 12, 12 and 6h.
at 20, 25, 30 and 35C,
respectively. Suss and  Locatelli
(1991) mentioned that carbon
dioxide under high temperature
was toxic than at low temperature.
If the temperature is below the
optimum for inscct development,
its metabolism 1s slower and thus
less oxygen is required, the authors
added that increase in temperature
resulted in higher mortality and
could be useful in reducing the
treatment period. Some food stulfs
could be subjected to changes in

organoleptic quality and the use of

increascd temperature for reducing

RIS ~+ A4
trcatmeint iime wii o restricted 1o

some products only.

El-Lakwah et al.  (1992)
mentioned that CO; wuas more
ctiective at the higher temperature
than the lower one. and the
moriahiy of insects were increased

Aamr, G

generally as the concentration ot
CO; was increased. Ofuya and
Reichmuth  (1993) studied the
sensitivity of adults, eggs, larvac
and pupae of C. maculates and
Acanthoscelides obtectus mn
cowpea to pure CO, at 25 and 32
“C. and the 27 + 5% R.H. and
found  that  irespective  of
temperature all adults of both
bruchids were killed within 1 day
of exposure to  purc  CO»
atmosphere. All eggs were killed
in 5 days at 25 °C and in 3 days at
32 "C. All larvae and pupac were
also killed after 4 and 6 davs of
exposure at 32 and 25 (.
respectively.

Hashem (2000) stated that high
CO; contents were relatively more
toxic for all developmental stages
of (. maculates than  Na.
Rajendran er al. (2002) studied the
storage of basmati rice under CO-
rich atmosphere for 4 months. The
treatment  resulted  in 10O0%
mortalily of all stages of Tribolium
castanelium.
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