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ABSTRACT: The present work aimed to study the efficacy of some inert dusts, i.e., calcium
carbonate (Caco;), white cement, black cement, sand, espidage, phosphate rock, sulfur flowers, talc
powder (Mgo), animal dung ash, zinc dust, diatomaceous earth (DE), silica gel and katel-sous (Ks)
against adults of the rice weevil, Sitophilus oryzae (L.) on two grain hosts (wheat and rice) comparing
with the organophosphorous insecticide malathion. The results indicated that adult mortality was
concentration and exposure period dependent. The most effective dust was katel-sous (Ks) powder.
The next effective dust was black cement, the other tested materials recorded different percentages of
cumulative mortality and could be arranged descendingly according to their efficiency as follows:
sulfur flowers dust, diatomaceous earth, white cement, phosphate rock, zinc dust, animal dung ash,
espidage, calcium carbonate, talc dust, sand and silica gel dust. The order of efficiency of these dusts
was changed when tested on rice grain. The number of progenies descended from adults of S. oryzae
that survived with the tested dusts for a period of 15 days on wheat and rice grains were influenced
significantly by the type of dusts. The lowest number of progeny was produced by the survivors of
sulfur dust. The highest number of progenies was recorded for the insects of control. The tested
materials affected significantly the grain weight loss. Sulfur dust was the most effective protectants as
it reduced the grain weight loss to the lowest value. The least effective dust in reducing grain weight
loss was silica gel dust. On rice grains the percentages of grain weight loss were generally less than
those of wheat grains because the rice grains were less preferable for breeding this insect, so, the
numbers of produced progenies were less than those on wheat. All tested dusts attained some
protection to treated grains, therefore, germination of grains treated with these dusts was generally
increased.
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INTRODUCTION

The rice weevil, Sitophilus oryzae (L) is one
of the most known primary insects of cereal
grains and other seeds causing a significant
damage around the world. One of the main
challenges facing the global grains industry is
the protection of stored commodities from insect
pests using safe agents. Most insect species of
stored products have developed resistance to the
commonly used toxic protectants and fumigants,
(Subramanyam and Hagstrum, 1995).
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The use of inert dust to control stored grain
pests is a technique with a long history and has
been reviewed by many authors (Ebeling, 1971;
Loschiavo, 1988; Shawir ef al., 1988; Aldryhim,
1990, 1993). Inert dust, besides being very safe
and presenting low toxicity to mammals, does
not affect grain baking quality (Ebeling, 1971;
Aldryhim, 1990).

The main aim of this work was to evaluate
the efficacy of some inert dusts, that are safe,
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available and cheap in the local area such as:
calcium carbonate, white cement, black cement,
sand, espidage, phosphate rock, sulfur flowers,
talc powder, zinc powder, animal dung ash,
diatomaceous earth, silica gel and katel-sous
against adults of the rice weevil, S.orzyae under
laboratory conditions. The effect of the tested
dusts on the number of progenies produced by
the treated adults, germination percentages of
treated grains and grain weight loss were also
studied.

MATERIALS AND METHODS

Tested Inset

One of the most dangerous insects to cereal
grains S.orzyae was chosen for this study. The
cultures were started by large batches of adult
initially collected from the infested stored
products in warehouses at Zagazig region. The
collected insects were mass reared for several
generations under the conditions of 28 + 2°C
and 60+5% RH.

Rearing Technique of Stock Cultures
Rearing medium

Wheat grains variety Sakha 93 were used as
a rearing host. Fresh wheat grains were firstly
examined to insure that they are in a good case
and free of toxic residues then they were tightly
packaged in plastic bags and kept at -13°C, in a
deep freezer for at least 48 hr. to kill any
infestation that might be present. The kernels
were conditioned with respect to the moisture
content to be about 14% before starting the
rearing or any experiment. Dry yeast was added
to the wheat grains at a rate of 120 g/kg and
mixed thoroughly. The stock cultures were set
up by intoroducing 500 adults (1-2 weeks
old)/’kg on rearing medium. Glass jars of 2 kg
capacity were half filled with the prepared
medium and tightly covered with muslin cloth
secured by rubber bands. Jars were kept in a
rearing room adjusted at 28 + 2°C and 60 +5%
RH (Miller et al, 1969). The adults were
permitted to oviposit in these cultures for 3 days
and then removed by sifting through a No. 10 or
12 sieve. The medium with eggs was returned to
the jars and the jars were kept again at the same
conditions.

Dusts Used
The following materials were tested:
Katel-sous (Ks)

A dust powder formulation contains 84%
calcium triphosphate plus 16% sulpher, produced
by Kafer El-Zayat (KZ) Company for pesticides
and chemicals, Egypt.

Diatomaceous earth (DE)

A dust powder formulation contains 97%
silicon dioxide produced by Fabrique Par,
Hedley Pacific Ventures LTD., Van Couver, BC.
Canada.

Black and white cement

A dust powder formulation contains clay and
limestone was exposed for a high degree of
temperature to produce calcium silicate (Arabian
Company).

Talc powder (oxide magnesium, Mgo)

A dust powder consists of magnesium silicate
hydrogenated Mg; Siy O;p or HyMg; (Sios)s.
(Opal Company, Egypt).

Sand dust

A dust powder formulation contains carbonate
sand is a naturally occurring granular material
composed of finely divided rock and mineral
particles. The second most common type of sand
is calcium carbonate, for example aragonite.

Calcium carbonate

A dust powder consists of calcium carbonate
(Caco;).

Espidage

A dust powder formulation contains of white
lead (Pbcos).

Flowers of sulfur

It is a very fine form of bright yellow sulphur
powder.

Zinc powder
A dust powder consist of Znc or Pbs or Ags.
Silica gel

It is a granular, vitreous, porous form of
silicon dioxide made synthetically from sodium
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silicate. Silica gel is tough and hard, it is more
solid than common household gelis like gelatin
or agar. It is naturally occurring mineral that is
purified and processed into granular. As a
desiccant, it has an average pore size of 2.4
nanometers and has a strong affinity for water
molecules.

Rock phosphate

A dust powder of an inorganic compound
and salt of phosphoric acid. Organic phosphates
are esters of phosphoric acid, phosphorite,
phosphate rock or rock phosphate is a non-
detrital sedimentary rock which contains high
amounts of phosphate bearing minerals. The
phosphate content of phosphorite is at least 15 to
20%; if it is assumed that the phosphate
minerals in phosphorite are hydroxyapatite and
fluoroapatite, phosphate minerals contain
roughly 18.5% phosphorite is roughly 3.7%
phosphorus by weight.

Animal dung ash

A dust powder formulation is output from
burn of the animal dung. Or manure is organic
matter, mostly derived from animal feces except
in the case of green manure.

Malathion

0, 0, dimethyl phosphordithoate of diethyl
mercaptosuccinate. Formulation: dust 1% Kafer
El-Zayat Company (KZ). The Local Company
and is processed for the preparation.

Evaluation of Inert Dusts Efficiency

To assess the insecticidal effect of the tested
dusts, glass jars (200 ml capacity) were used. In
each jar a quantity of uninfested 75 g wheat
kernels were put, which were thoroughly mixed
by hand shaking with the weighed amount of the
tested dust to give the required rate of each dust
application (1, 2, 3 and 4%). All the tested
materials (dusts) were sifted through a No. 25
sieve (25 mesh/inch) before using to be
homogeneous and fine. Batches of 20 adults
each of S oryzae (1-2 week-old) were
introduced into the jars (one batch for each jar).

The jars were covered with a piece of muslin
cloth secured with rubber bands and kept under
the conditions of 28 + 2°C and 60 + 5% RH.

The contents of the jars were sifted
separately through a 2 mm opening sieve after 5,
10 and 15 days post treatment to separate and
remove the dead insects from the grains. The
numbers of alive and dead adults were counted
at the end of last interval of inspection.
Percentages of mortality were accordingly
determined. The contents of each jar were
carefully returned again to the jars after any one
of the three inspections. The jars were inspected
again after 30, 45, 60 and 75 days to record the
numbers of descended progenies. Three
replicates were done for each rate of dust
application as well as the control treatment
which conducted using the same procedores
without the dusts. At the end of the observation
period of progenies counting (75 days), the
wheat grains of each jar were weighed to
determine the grain weight loss due to the
insects and the germination (%) of grains was
also tested.

Protection percentage

Seventy five days after dusts application, the
total number of progenies in each treatment was
counted. The effectiveness of the treatments
against the curculionid was calculated using the
formula developed by Tabu et al. (2012).

Protection (%) =

Total F, progeny in untreated control- total F, progeny
in treatment % 100

Total F; progeny in untreated control
Germination Test

Three samples of 50 grains each were taken
randomly from each jar at the end of testing
period (75 days) and put separately on a surface
of a cotton wool layer placed in a Petri dish (10
cm diameter). Cotton wool layers were wet
thoroughly with a tap water every day. The
dishes were kept under the laboratory conditions.
Daily average of temperature was recorded.
Germination of grains was determined after one
week of plantation by counting the viable seeds
and the germination percentages were calculated
for each sample according to Atwater (1980).
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Toxicity of Malathion to Adult Stage

The same procedures described before for
evaluation of the inert dusts efficiency were
used for evaluation the toxicity of malathion
dust 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 g each were mixed thoroughly
with the suitable quantity of malathion powder.
Four application rates of malathion (8, 16, 24,
32 ppm W/W) were tested. Three replicates
were used for each concentration as well as for
the control. Grains of the control were treated
with talc powder only. Twenty adults of 1-2
weeks old were introduced to each vial, the vials
were covered with muslin cloth secured with
rubber bands and kept at 28 +2°C and 60 + 5%
RH. Mortality counts were recorded after the
periods of 5, 10, 15 days and the cumulative
mortality percentages were recorded. The
mortality (%) were corrected according to
Abbott’s formula (Abbott, 1925).

The different aspects which were studied in
case of the inert dusts such as numbers of
progenies after 75 days, grain weight loss and
grain germination (%) were also studied for
malathion treatment.

Note: The above mentioned experiments
carried out on wheat grains were conducted
exactly on rough rice grains.

Data obtained of cumulative (%) mortality
after 15 days, total numbers of progenies after
75 days, grain weight loss and germination (%)
for each tested dust as well as the control were
statistically analyzed using analysis of variance
(F. test). Significant differences between means
of all treatments were tested using the least
significant difference method (LSD) (Gand,
2001).

RESULTS AND DISCUSSION

Efficiency of Dusts

The cumulative mortality percentages of S.
oryzae adults exposed to wheat grains treated
separately with different dusts (13 dusts) at four
rates of application for each dust after 15 days of
exposure were calculated (Table 1). It seems

generally that the tested materials were effective
and differed significantly from each other at any
of the tested rates of application (1, 2, 3 and 4%)
against the tested insect. The most effective dust
was Katel-sous (Ks) powder inducing 91.66% as
a general mean of cumulative percent mortality.
The next effective dust was black cement
recording 90% mortality. The other tested
materials recorded different percentages of
cumulative mortality and could be arranged
descendingly according their efficiency as
follows: sulfur flowers (88.25%), diatomaceous
earth (DE) (86.66%), white cement (71.66%),
phosphate rock (70.41%), zinc (68.75%), animal
dung ash (65.41%), espidage (63.75%), calcium
carbonate (60%), talc (57.5%), sand (50.83%)
and silica gel (40%). The order of efficiency of
these dusts against adults of S. oryzae was
changed when tested on rice grains (Table 1).
The most effective dust on rice grains was white
cement recording the highest percentage of
cumulative mortality (97.08%) as a general
mean of mortality after 15 days of exposure).
This dust was the fifth in order of toxicity when
tested on wheat grains, thus the type of grains
had a clear effect on the efficiency of the tested
dusts against the tested insect. It was observed
generally that, most dusts were more effective
when used on rice grains than on wheat grains,
this may be attributed to the amount of dust that
in contact to the surface of rice grains was so
much. Some of the tested dusts recorded
approximately the same efficacy on both hosts
such as black cement, sulfur dust, talc powder
and katel-sous. However, talk powder recorded
the lowest effect on rice grain.

In conclusion, Katel-sous and black cement
are promising as protectants against this insect
on wheat grains, while white cement and
diatomaceous earth are promising as protectants
against this insect on rice.

Data in Table 1 show also that there are
significant differences between the rates of dusts
application; percentages of insect mortality
increased as the rate of dust application
increased on both hosts. The highest percentages
of insect mortality were recorded for the highest
rate of application (4%).
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Table 1. Efficacy of different inert dusts at four rates of application against Sitophilus oryzae
adults at 30°C and 60+ 5% RH on two hosts

‘Wheat grains

Rice grains

Cumulative mortality (%) after 15

Cumulative mortality (%) after 15

Tested dust days of treatment days of treatment

Rate of application Rate of application
1% 2% 3% 4% O g0 g0, 3o, go, Ceneral
means means
Calcium carbonate (Caco;) 1833 56.67 7333 91.67 60.00 61.67 66.67 70.00 83.33 7041
White cement 56.67 61.67 7333 9500 71.66 91.67 9833 9833 100.00 97.08
Black cement 61.67 9833 100.00 100.00 90.00  86.67 91.67 95.00 100.00 93.33
Sand 13.33 2333 75.00 91.67 50.83  56.67 6500 7333 91.67 71.66
Espidage 20.00 55.00 8833 91.67 63.75 76.67 80.00 86.67 9833 8541
Phosphate rock 50.00 60.00 75.00 96.67 7041  60.00 63.33 83.33 100.00 76.66
Flowers of sulfur 80.00 83.00 90.00 100.00 8825 70.00 80.00 95.00 9833 85.83
Talc (Mgo) 36.67 60.00 66.67 66.67 57.50 41.67 45.00 65.00 8333 58.75
Animal dung ash 21.67 4833 9333 9833 6541 8833 91.67 96.67 100.00 94.16
Zinc 4833 51.67 76.67 9833 6875 7500 85.00 86.67 96.67 85.83
Diatomaceous earth (DE) 7833 81.67 8833 9833 86.66 91.67 93.33 9833 100.00 95.83
Silica gel 30.00 31.67 35.00 6333 40.00 66.67 6833 7500 8333 7333
Katel-sous (Ks) 80.00 91.67 95.00 100.00 91.66  85.00 8833 96.67 100.00 92.50

General means 4576 61.77 79.23 91.66 - 7320 7820 86.15 94.99 -

LSD, o5 level for dusts =10.36
LSD, o5 level for concent. =2.82
LSDy 5 level for dustsx concent. =20.72

As for the interaction effects of dusts x rates
of application on the cumulative percentages of
insect mortality on both hosts are shown in
Table 1. The results show that the higher rates of
application of some dusts (2", 3" and 4™) did
not differ significantly from each other, while
the lower one was differed significantly such as
black cement on wheat. In some cases the first
three rates (1, 2 and 3%) did not differ
significantly from each other but differed
significantly than the highest rate (4%) (Table 1).

The present results agree with those recorded
by: Strong and Sbur (1963) who tested in the
laboratory the effectiveness of diatomaceous

LSD, o5 level for dusts = 7.52
LSD o5 level for concent. =4.15
LSDy s level for dusts x concent. =15.06

earth at the rates of 4, 6 and 8 Ibs. per ton of
grains against S. oryzae, S. granaries,
Rhizopertha dominica (F.), Tribolium confusum
Duv., Oryzaephilus surinamensis (L.) and
Cryptolestes pusillus (Schonhen) under constant
conditions of 80 + 1°F and 60 + 5% RH. They
found that 4 Ibs. of diatomaceous earth per ton
of grains would prevent infestation for 6
months and still effective when the experiment
was terminated 12 months after initial exposure
to insects. Also, McGaughey (1972) recorded that
a diatomaceous earth produced 100% mortality
of S. oryzae and T. confusum when exposed for
21 days to rough rice treated with this material
at the dosages of 1.75 and 3.5 g/kg, respectively.
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Javaid and Ramatlakapela (1995) tested the
effectiveness of ash and sand against C.
maculatus in cowpea seeds. They showed that
cow dung ash at high doses was statistically
similar to the effectiveness of malathion dust in
some parameters. El-Lakwah et al, (1996)
studied in the laboratory the effect of cotton
stem and animal dung ashes on some stored
product insects, namely; S. oryzae, R. dominica,
T. castaneum, compared to Katel-sous. They
reported that adult mortalities increased with
increasing concentration and exposure period.
Complete mortalities for various insect species
after 3 weeks from treatment with animal dung
ash at varying rates (1-4%) and Katel-sous at
(1%), were recorded. Several proposed mode of
action for inert dusts have been extended by
various researchers. They are: inert dusts block
spiracles and insects die from asphyxiation,
dusts lodging between cuticular segments
increase water loss through abrasion of the
cuticle and dusts absorb water from the insect's
cuticle. Insects and mites die from ingesting the
dust particles and dusts absorb the epicuticular
lipids of arthropods leading to excessive water
loss through the cuticle. Death in arthropods is
attributed to this excessive water loss or
desiccation.

The most widely accepted explanation for the
action of inert dusts is that they kill arthropods
by removing or absorbing the epicuticular lipid
layers causing excessive water loss through the
cuticle (Zacher and Kuhike, 1931; Zacher, 1937
a,b; Chiu, 1939 a,b; Wigglesworth, 1944, 1945,
1947; David and Gardiner, 1950; Nair, 1957 ;
Tarshis, 1959, 1960, 1961).

The rate at which cuticular waxes are
absorbed by inert dusts may vary with the type
of waxes, temperature, relative humidity, oil
absorption capability of the inert dust, and dust
particle size distribution. Also, the rate of water
loss through cuticle of a given insect/mite
species varies with temperature (Edney, 1977;
Johnson et al., 2014; Kabir and Wulgo, 2014;
Korunic et al, 2014; Zhang et al., 2014).
Ebeling (1971) concluded that the insecticidal
efficacy of inert dusts primarily depends on the
pore size (>20 angstroms), large specific surface
area and the oil absorption capability.

Number of Progenies Descended from
Dust Survivors

Data presented in Table 2 show generally
that number of progenies descended from adults
of S. oryzae that survived the tested dusts for a
period of 15 days on wheat grains were
influenced significantly by the type of dust. The
lowest number of progenies (51.73 progenies)
was produced by the survivors of flowers of
sulfur dust, in other words, sulfur dust was the
most effective in reducing the number of
progenies. Diatomaceous earth, zinc and
calcium carbonate dusts followed sulfur dust in
their effects in reducing the numbers of
progenies recording 55.06, 59.31 and 63.91
progenies, respectively without significant
differences between them. The highest number
of progenies (194.60 progenies) was recorded
for the insects of control followed in descending
order by silica gel (157.65), talc powder
(153.12), espidage (132.65) and sand dust
(119.97 progenies). The other dusts produced
intermediate numbers of progenies.

It should be mentioned that low numbers of
produced progenies may be attributed to the
direct effect of the dusts on the mortality of
insect parents exposed to the dusts, as the
mortality of dust-exposed insects (parents)
increased the number of progenies decreased.

As regards to the effect of dust application
rate on the number of progenies, it was observed
generally that numbers of progenies were
significantly decreased as the rates of dust
application  increased recording  121.52
progenies for 1% and decreased to 76.95
progenies for 4% as general means, with
significant differences between the four rates of
application.

As the interaction effects of dusts x rates of
application on the number of progenies, it was
observed that as the rate of dust application
increased the number of progenies decreased for
all the tested dusts (Table 2).

In case of rice grains, the numbers of
progenies were clearly decreased comparing
with wheat grains. This may be attributed to the
higher mortality of dust-exposed adults (parents)
on rice grains than on wheat grains, therefore,
the number of survived adults (parents) was low,
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Table 2. Numbers of progenies descended from Sitophilus oryzae adults that survived after exposure
to the inert dusts at four rates of application for two weeks on two hosts at 30°C and 60+5%

RH

Tested dust

Wheat grains

Rice grains

Total No. of progenies

Total No. of progenies

Rates of application Rates of application
1% 2% 3% 4% General Protection 1% 2% 3% 4% General Protection

means (%) means (%)
Calctum carbonate (Cacoy) 69.33 68.67 64.00 53.67 6391 67.16  17.67 14.67 1333 11.00 14.16 38.39
‘White cement 127.00 104.00 76.00 54.66 90.41 53.53 1933 19.00 17.67 1433 17.58 23.56
Black cement 114.00 9233 75.00 44.66 8149 5812 13.67 13.33 12.00 1033 12.33 46.39
Sand 126.60 124.00 118.30 111.00 119.97 38.35 17.67 15.67 13.33 10.00 14.16 3843
Espidage 159.30 158.30 128.00 85.00 132.65 31.83 12.00 11.00 10.00 933 10.58 54.00
Phosphate rock 77.00 80.00 69.33 5833 71.16 3643 14.67 14.33 1330 11.00 13.32 42.08
Flowers of sulfur 81.00 5530 4930 2133 51.73 73.41 11.00 10.67 1000 7.67 9.83 57.26
Talc dust (Mgo) 188.30 152.00 147.60 124.60 153.12 2131 20.67 1933 18.67 13.33 18.00 21.73
Animal dung ash 127.00 121.67 9530 77.30 105.31 4587  13.00 14.67 1233 9.00 1225 4421
Zinc 80.67 60.33 50.67 45.60 59.31 69.55 17.67 14.66 1333 1033 13.99 39.17
Diatomaceous earth (DE) 5933 6533 60.00 35.60 55.06 7170 1833 16.00 15.00 1433 1591 30.82
Silica gel 195.60 192.00 130.0 113.00 157.65 18.98 1433 13.00 1233 9.00 12.16 47.13
Katel-sous (Ks) 101.60 9800 87.30 58.00 8622 5568 1333 12.00 1000 867 11.00 5217
Control 194.60 - 23.00 -
General means 121.52 111.89 96.10 76.95 - 16.16 15.09 13.87 11.52 -
LSDy o5 level for dusts = 14.67 LSDy o5 level for dusts = 1.87
LSDy s level for concent. =7.84 s LSDy s level for concent. =0.97
LSDy ¢5 level for dustxconcent. = 29.36 LSD o5 level for dustxconcent. = 3.76

so, produced less progenies. Rice grains are
considered less preferable host for this insect
than wheat grains, therefore, this insects bred
weakly on rice grains (Table 2).

El-Lakwah et al. (1996) reported that animal
dung ash was more effective than cotton stem
ash and gave at the highest rate (4%) nearly
similar reduction in F; progeny as katel-sous at
the recommended concentration (1%). Mewis
and Ulrichs (2002) mentioned that diatomaceous
earth (DE) at 1 and 2 g/kg rice reduced
population growth of T. castanum after 42 days.
They added that (DE) at 0.5 g/kg rice increased
the insect mortality of 7. castanum but did not
stop population growth.

Kabir ef al. (2012) evaluated the efficacy of
raw diatomaceous earth (DE) against R. dominica
and T. castaneum in maize, sorghum and wheat.
Significant differences (P< 0.05) in adult
mortality were noted between dose rates and
exposure periods on all grains. Increase in dose
rate and exposure period resulted in higher adult
mortality and progeny suppression.

Grain Weight Loss

Results respecting grain weight loss due to
the dust treated adults and their progenies are
presented in Table 3. The tested materials
affected significantly the grain weight loss,
flowers of sulfur dust was the most effective
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protectant as it reduced the grain weight loss to
the lowest value (16.75%) followed by Ks
(26.95%), phosphate rock (27.80%), espidage
(28.15%), white cement dust (29.25%), without
significant differences between the last four dust
treatments, the effect of the dust on reducing
grain weight loss may be mainly correlated with
the effect of the dust on adult mortality and
hence the number of produced progenies. On the
other hand, the effects of each dust on adults
activity and feeding behavior may be affected
their food consumption.

Data in Table 3 show also that higher rates of
dust application reduced significantly grain
weight loss than the lower rates of application.
This observation was found for all tested rates of
each dust on both hosts (Table 3).

On rice grains, the percentages of grain
weight loss were generally less than that of
wheat grains because rice grains were less
preferable host for breeding of this insect, so,
the numbers of produced progenies were less
than that on wheat. However, sulfur flowers dust
was the most effective dust since it caused the
lowest percent of grain weight loss on both hosts
(16.75% on wheat and 4.47% on rice) while
silica gel was the lowest dust (13™) in order of
efficiency on wheat while it was the twelfth in
order of efficiency on rice grains causing
(14.82%) weight loss. Control grain weight loss
recorded the highest percentage of grain weight
loss for both hosts (43.30% for wheat and
25.60% for rice).

Mugo et al. (2015) admixed diatomaceous
earth and wood ash with 100 g of maize or
wheat in ventilated glass jars. Dusts effectively
controlled S. zeamais with 95% - 100%
mortality. A delayed effect appeared to
contribute to the higher damage inflicted, hence
more weight loss was expected.

Germination of Wheat and Rice Grains

Germination of wheat and rice grains treated
with the tested dusts and artificially infested
with adults of S. oryzae was influenced
significantly by some dusts and not influenced
statistically by the other ones. Germination of
both grain hosts was differed from one treatment
to another without a clear trend, but germination
of control grains was generally reduced than

germination of all dust treatments. The results
showed that all tested dust treatments provided
some protection to treated grains, therefore,
germination of grains treated with dusts was
increased specially in case of wheat grains. In
case of rice grains the tested dusts increased
germination percentages than the control in most
cases (Table 4).

It is difficult to interpret the results of
germination percentages. There is no clear trend
for germination percentages, it is not generally
correlated with the cumulative percentage
mortality of adults and their progenies as a cause,
it may be correlated to the type of damage that
caused in grains due to the insect adults and
their progenies. It was expected that as the
cumulative mortality of insect adults increased;
their progenies were decreased and therefore,
the germination percentages increased. This
expectation or this trend is not really occurred.
The germination percentages of grains were not
correlated with one obvious factor.

Germination percentages of grains of both
hosts took a clear trend in relation to the rate of
dust application (Table 4). As the rate of dust
application increased the percentages of grains
germination increased. This result was recorded
for all tested dusts on both tested hosts.
However, rice grains were less attractive to the
tested insect, and the insects were poorly bred in
this host, so, germination of this host was much
more the germination of wheat grains.

Tabu et al. (2012) evaluated the efficacy of
some botanical inert materials and edible oils
against bean beetle, Callosobruchus chinensis L.
in stored chickpea. The botanical inert materials
and edible seed oils caused high adult mortality,
reduced eggs laid, reduced F; progeny
emergence, low seed damage and low seed
weight loss without affecting seed germination
in stored chickpea seeds.

Efficiency of Malathion dust (1%)

The effect of malathion dust 1% on adults
mortality, total number of progeny after 75 days,
grain germination (%) and weight loss of wheat
and rice grains are presented in Table 5. The
results indicate clearly that cumulative mortality
was increased by increasing the rate of
application. At the rate of 8 ppm, mortality was
78.33% 15 days after treatment and increased to
100% at the rate of 32 ppm.
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Table 3. Grain weight loss due to Sitophilus oryzae adults and their progenies reared on two host
grains treated with different inert dusts at four rates of application at 30°C and 60+5%

RH
Tested dust Wheat Rice
Grains weight loss (%) Grains weight loss (%)
Rates of application Rates of application
1% 2% 3% 4%  General 1% 2% 3% 4% General

means means
Calcium carbonate (Cacos) 43.00 40.00 38.00 22.00 35775 2880 19.00 1540 8.00 17.80
White cement 37.80 32.80 27.00 19.40 2925 1600 1140 780 220 9.0
Black cement 41.00 39.00 2940 28.00 3435 19.00 1020 820 7.00 11.10
Sand 45.00 4140 3260 29.60 37.15 1080 7.00 340 220 585
Espidage 4120 2720 2400 20.20 28.15 1540 13.00 640 540 10.05
Phosphate rock 434 3140 2740 9.00 27.80 11.80 10.00 820 7.00 9.25
Flowers of sulfur 2720 2500 9.60 520 16.75 650 500 350 290 447
Talc dust (Mgo) 4760 4340 3940 31.00 40.35 16.00 14.00 13.20 11.50 13.67
Animal dung ash 4360 43.00 3640 31.80 38.70  14.00 1390 1250 10.50 12.72
Zinc dust 4330 40.20 29.80 22.80 3402 1550 13.50 11.50 10.30 12.70
Diatomaceous earth (DE) 4140 3540 33.60 32.00 3560 1650 13.00 11.60 10.50 12.90
Silica gel 40.60 39.20 37.80 33.90 3787 1850 15.00 13.50 1230 14.82
Katel-sous (Ks) 43,60 37.00 19.00 8.20 2695 17.00 13.10 11.30 990 12.82
Control 43.30 25.60
General means 41.57 37.02 30.52 24.02 - 1652 13.12 10.86 8.95 -
LSD, o5 level for dusts = 12.02 LSD, o5 level for dusts =5.13
LSD, s level for concent. = 6.42 LSD o5 level for concent. = 3.85
LSDy o5 level for dustxconcent. = 24.05 LSD o5 level for dustxconcent. = 6.94

Table 4. Effect of different inert dusts at four rates of application on germination (%) of wheat
and rice grains artificially infested with Sitophilus oryzae at 30°C and 60+5% RH

Tested dust Wheat Rice
Germination (%) Germination (%)
Rates of application Rates of application
1% 2% 3% 4%  General 1% 2% 3% 4% General
means means
Calcium carbonate (Caco;) 18.50 28.00 40.00 42.00 32,12 3750 41.00 43.70 61.50 45.92
‘White cement 2450 27.00 2850 36.00 29.00 36.00 3620 39.50 49.50 40.30
Black cement 15.00 1530 2450 32.50 21.82 4450 4550 49.00 5325 48.06
Sand 1400 11.50 16.00 18.50 1500 58.75 59.50 66.00 77.00 65.31
Espidage 15.00 16.00 2220 33.00 2155  42.00 51.50 56.50 62.00 53.00
Phosphate rock 12.50 14.00 20.00 30.50 19.20 38.50 42.00 44.00 60.50 46.25
Flowers of sulfur 9.50 16.00 21.00 27.50 18.50 42.00 53.50 61.70 63.50 55.17
Talc (Mgo) 6.00 15.00 19.50 20.50 1525 51.00 46.00 56.00 62.00 53.75
Animal dung ash 1270 15.00 23.50 26.50 1942 4400 52.00 61.50 72.00 57.37
Zinc dust 17.50 17.50 23.50 36.50 2375 41.00 39.50 52.50 58.70 47.92
Diatomaceous earth (DE) 1550 16.50 24.50 41.50 2450 36.50 41.00 34.00 52.00 40.87
Silica gel 18.50 2450 5050 61.50 38.75 36.50 48.00 52.50 56.50 48.37
Katel-sous (Ks) 830 11.00 16.50 19.50 13.82 61.00 69.50 71.00 77.50 69.75
Control 10.50 46.50
General means 14.14 16.98 24.33 31.17 -- 4398 4797 5245 60.88 -
LSDyg s level for dusts = 10.71% LSDyg s level for dusts = 4.38%
LSD o5 level for concent. = 6.26% LSD, o5 level for concent. = 2.35%

LSDy o5 level for dustxconcent. = 23.43% LSDy s level for dustxconcent. = 8.81%
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Table 5. Effect of malathion dust tested at different rates of application against Sitophilus oryzae
adults on two hosts at 28°C and 60+ 5% RH

Concentration Wheat grains Rice grains
(ppm) Cumulative  Total No. of Germination Grain Cumulative  Total No. of Germination Grain
mortality (%) progenies (%) weight  mortality (%) progenies (%) weight
(15 days post- (75 days post- loss (15 day post (75 days post- loss
treatment) treatment) (%) treatment) treatment) (%)
8 78.33 126.66 11.50 36.80 71.67 17.60 78.50 9.60
16 81.67 119.00 25.50 28.60 78.33 14.60 81.00 8.90
24 96.30 52.00 43.50 17.40 80.00 13.30 84.50 8.60
32 100.00 32.33 62.82 8.40 88.33 11.00 86.00 5.40
Control 5.42 175.25 6.12 50.25 5.00 21.91 80.75 9.50
LSDy s 2.51 14.61 6.32 7.77 5.90 3.56 2.74 0.67
Total progenies decreased when the malathion at 10 ppm was inadequate for

concentration of malation increased. At 8 ppm,
Fi-progeny No. was 126.66 after 75 days of
treatment and decreased to 32.33 progenies at 32
ppm. The germination (%) increased when the
concentration of malathion increased, at 8 ppm
the germination percentage was 11.50% and
increased to 62.82% at 32 ppm. Weight loss of
wheat grain decreased when the concentration of
malathion increased. At 8 ppm, the wheat grain
loss was and 36.80% decreased to 8.40% at 32
ppm. In case of rice grains, similar results were
found; mortality (%) increased by increasing the
malathion concentration while total No. of
progenies after 75 days post-treatment decreased
from 17.60 at 8 ppm to 11.00 individuals at 32
ppm. Germination (%) increased from 78.50 at 8
ppm to 86.0% at 32 ppm. Weight loss of rice
grains decreased when the rate of malathion
application increased. There is no significant
difference between 8 ppm concentration and the
control (9.60 and 9.50%, respectively).

Similar results were obtained by some others
such as Waters (1959) who recorded that
malathion applied at 2 ppm to wheat caused
99% mortality of the rusty grain beetle,
Laemphloeus ferrugineus (Steph.). Karmer et al.
(1985) investigated the effect of malathion (10
ppm) as wheat grain protectant in small bins
against infestation of S. oryzae, T. confusum and
Plodia interpunctella (Hiibner) for two grain
storage seasons in Kansas. They found that

controlling the moth and beetle species. Bhuigah
(1993) studied the effect of fenitrothion (as
Edthion, Sovathion and Sumithion) and
malathion (as Syfanon and Fyfanon) as sack
treatments against S. oryzae in stored wheat in
Bangladesh during July to December 1991. He
noticed that all the tested insecticides and
dosages tested induced significant reduction in
numbers of the pest. The insecticides kept the
grain weight loss down to 14.05 — 23.13% as
compared with the control (45.79%).
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