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ABSTRACT

The present study were carried out under laboratory conditions of 28 + 1°C
and 70 + 5% R.H. to evaluate the effectiveness of tricalcium phosphate (TCP) and
diatomaceous earth dusts (DE) separately and mixtures against rice weevil; Sitophilus
oryzae (L) and red flour beetle; Tribolium castaneum (Herbst). The results showed
that the action of the two dusts and their mixtures depend on the concentration and
period of exposure. S. oryzae was the more susceptible to the two tested dusts and
their mixture compared to T. castaneum. All dual mixtures of TCP and DE were more
effective to both tested insects at the all different concentrations and exposure periods
except the mixture No. 3 (30% DE + 70% TCP) with T. castaneum which had the least
effect after 2 weeks of exposure. Results obtained also showed that mixtures No. 3
had the highest percentage of mortality values compared to the other two mixtures.
Results also showed that the all treatments had a significant effect on the percentages
of germination and weight loss compared to control. The addition of DE to TCP can
minimize the required amount of in insect control and decreases the cost of control.

So, the addition of DE to TCP can minimize the required amount of DE in
insect control and decreases the cost of control where the DE agent is rarely
available and expensive. In conclusion we recommend to use of DE, TCP and
their mixtures in insect control of stored products where it is safe and cheap after
further studies to ensure the obtained findings in the present study.

INTRODUCTION

Inert dusts such as ash, lime, various ground minerals and clays have
a long history of use for grain protection (Ebling, 1971; Golob and Webley,
1980; Ross, 1981; Quarls, 1992a, b). There are several advantages to using
inert dusts to control stored-product insect pests. In the United States,
amphorpous silicon dioxide (diatomaceous earth) is considered "Generally
Recognized as a Safe" (GRAS) by US Food and Drug Administration and is a
registered food additive, silica aerogels have been shown to have low
mammalian toxicity (3160 mg/kg LDso, rat oral; Ebeling, 1971). Also, inert
dusts do not affect backing quality (Desmarchelier and Dines, 1987;
Aldryhim, 1990); and provide long lasting protection (La Hue 1965, 1978;
White et al., 1975).

Interest has revived in the use of inert dusts after neglect resulting
from the outstanding success of chemical protectants. La Hu, 1978 showed a
diatomaceous earth, kenite, added at 0.5 kg/t at 33°C, 40% rh. reduced
multiplication of S. oryzae and S. zeamais to one quarter of that on untreated
grain over a 6 months storage period.
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Now, inert dusts particularly those based upon activated silicas and
plant powders are finding increasing use as storage protectants in the grain
industry. These materials are not effective in conditions of low humidity
because they induce mortality causing desiccation, water is low because the
dusts remove waxy layer of cuticle of exoskeleton by adsorptions (Golob,
1997; Arthur, 2002, 2004 and Arthur et al., 2003).

The present study was conducted to evaluate the efficiency of two
inert dusts diatomaceous earth, tricalcium phosphate and their mixtures
against S. oryzae and T. castaneum at different periods and concentrations.

MATERIALS AND METHODS

1. Materials:
1.1. Insects:

The considered insects in the current investigation were rice weevil,
Sitophilus oryzae (L), (Curculionidae: Coleoptera) and red flour beetle;
Tribolium castaneum (Herbst); (Tenebrionida: Coleoptera). The original stock
culture of the insects was obtained from Stored Product Pest laboratory,
Plant Protection Research Institute. The insects were reared on samples of
Sakha 61 wheat grains for S. oryzae or wheat crushed for T. castaneum
under laboratory conditions of 28 + 1°C and 70 + 5% R.H.

1.2. Inert dusts:

1.2.1. Tricalcium phosphate dust (TCP):
Chemical name: calcium phosphate, tribasic.
Structure formula:

Empirical formula: CA302P2
Source: Plant protection Research Institute-Sakha-Kafr ElI-Sheikh, Egypt, it
was mixed with wheat grains at 0.5, 1.0, 2.0 and 3% (w/w%) concentrations.
1.2.2. Diatomaceous earth dust DE:
Chemical name: Silicon dioxide.
Source: It was purchased from Agrokaslet Co., Canada and Kindly was
obtained from ARC, Dokki Giza, Egypt. It was mixed with wheat grains at
0.05, 0.1, 0.2 and 0.3% (w/w%) concentrations. The two materials were
tested separately and in the following combinations:

Mixture No. 1:10% DE + 90% TCP

Mixture No. 2:20% DE + 80% TCP

Mixture NO. 3:30% DE + 70% TCP

Each mixture was evaluated at 0.5, 1.0, 2.0 and 3.0% w/w

concentrations by mixing it with whole wheat grains, for S. oryzaei or crushed
wheat grains for T. castaneum.
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2. Methods:
2.1. Toxicity and reduction in progeny tests:
The appropriate amount of the tested powders either separately or in
binary mixtures which give the required concentrations was mixed thoroughly
with 100 g wheat for S. oryzae or crushed wheat grains for T. castaneum,
then the treated media was introduced into glass jar each of 250 ml, twenty
adults of 1 to 2 weeks old of T. castaneum and S. oryzae were transferred to
each glass jar, every treatment was replicated three times. In addition three
replicates of untreated media were kept as control. All jars were covered with
muslin cloth, fixed with rubber band and kept at 28 + 1°C and 70 + 5% R.H.
Mortality assessment was conducted after one and two weeks from
treatment, alive insects were removed and reduction in Fi-progeny was
calculated 2 months post-treatment according to the following equation (El-
Lakwah et al., 1992).
No. of emerged adult in control - No. of emerged adult in treamtent

No. of emerged adult in control

% reduction = x100

2.2. Assessment of loss% wheat grain:

The weight loss of wheat grains and crushed wheat grains due to
infestation with S. oryzae and T. castaneum, respectively was also
determined two months after treatment for treatments or control by sieving
the dusts and insects from treated media. The weight loss of wheat grains
was calculated according to the following equation (Harris and Lindblad,
1978).

9% loss= INitial dry weight of grains - grains dry weight after 2 months 19

Initial dry weight of grains

2.3. Germination tests:

According to Qi and Burkhoder (1981) with slight modification the
germination tests were accomplished on treated wheat grains stored for two
months. Sixty grain seeds of each treatment were divided into three
replicates, placed on Petri-dishes containing cotton layer soaked with tap
water and covered with tissue paper. After four days grain germination
percentages were recorded.

Statistical analysis according to Duncan (1955) was used in this study.

RESULTS AND DISCUSSION

Results in Tables (1, 2, 3) indicated that the all studied parameters
were highly affected by the different treatments (concentrations of DE, TCP
and their mixtures). There were significant differences between the number
of emerged adults and F: reduction percentages at the all tested
concentrations of the tested material and their mixtures for the two studied
insects. Results also showed that % germination and % loss of wheat grain
by S. oryzae and T. castaneum were highly significantly affected by the
different treatments. However, all treatments had nearly low effect on the
germination (compared to the other tested parameters) by the exception the
fourth concentration of both DE and mixtures No. 3, the germination ranged
from (90-97%) in the remained treatments.
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Table (1): Analysis of variance for the number of offspring of S. oryzae
and T. castaneum exposured to diet admixed with
diatomaceous earth, tricalcium phosphate and their
mixtures.

DE TCP Mix. No. 1 Mix. No. 2 Mix. No. 3

S.OV. | d.F

SsOo.[TC|soO. [TC|sOo [ TCc |sOo[|[TC ]| soO | TC
Re 2 22 | 654 | 651 | 199 | 41 | 341 | 126 | 45 | 110 | 232
Tret. 293809**81328**204094**60737**307071**/101438**320789**99254**339148**101887**
Er. 8 72 | 158 | 102 | 405 | 46 73 24 | 179 | 60 | 181
Total 14

S.0. = Sitophilus oryzae

T.C. = Tribolium castaneum

Table (2): Analysis of variance of % adult reduction of S. oryzae and T.
castnaeum exposured to diet admixed with mixtures of
diatomaceous earth and tricalcium phosphate.

M.S.(mean square)
S.0.V. d.F
S. oryzae T. castaneum
Rep. 2 6.750 50.2
Treat. 11 74.286** 862.1**
Erro. 22 0.261 274
Total 35

Table (3): Analysis of variance of % germination and % weight loss by
S. oryzae and T. castaneum in tested treated diet by
diatomaceous earth, tricalcium phosphate and their
mixtures.

M.S
S.0.V. d.F % % loss
germination S. oryzae T. castaneum
Rep. (R) 2 21.16 5.17 1.79
Treat. (T) 20 42.89** 389.17* 63.92**
Error (E) 40 3.98 1.68 3.42
Total 62

Toxic action of TCP and DE on S. oryzae and T. castaneum:

Results obtained in Table (4) showed that adults mortality of the two
tested insects increased with the increase of concentrations or periods of
exposure. Results indicated that DE provided the most effective control against
the two stored product insect species, where concentration of 0.05% DE gave 80
and 91.7% mortality with S. oryzae at one and two weeks exposure periods,
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respectively, while TCP was less effective against the tested insects since the
concentration of 0.5% TCP caused 33.3 and 40.0% mortality with S. oryzae at
the same periods of exposure, respectively. For T. castaneum also the DE was
the most effective after the two periods post-treatment because the concentration
of 0.3% DE achieved 51.6 and 60% mortality, respectively, while, 1.0% TCP
treated diet gave 46.0 and 53.3% adult mortality at the two tested periods,
respectively (Table 4).

Effect on progeny:

Results obtained in Table 4 also showed the same trend mentioned with
toxicity, where the reduction % of progeny increased with the increasing of
concentrations. In general the DE had the highest adversed effect on progeny of
both S. oryzae and T. castaneum. Diet treated with 0.05% DE inhibited the
emergence of S. oryzae and T. castaneum by 81.1 and 40.5%, respectively
while that treated of 0.5% TCP reduced the produced progeny of both S. oryzae
and T. castaneum by 55.9 and 36.9%, respectively.

Action of binary mixtures:

In general the results obtained in Table 5 had the same trend with inert
dusts alone since the mortality increased with the increasing of concentrations or
the exposure periods. With the exception of mixture 3 against the T. castaneum
the remained mixtures had a good effect concerned to the reduction of progeny
for the two tested insects. Results showed that the effect of mixtures was nearly
equal to that of the single inert dusts except the mixture No. 3 with T. castaneum
which had the least effect. All treatments significantly reduced the % weight loss
and increased the reduction percentage of progeny compared to the control.
Results in Table 6 showed that the two tested materials and their mixtures had
low effect on the germination percentages of wheat grains if was compared by
the other tested parameters.

The obtained results are in agreement with El-Lakwah et al., 1999,
2000 and Abd El-Latif, 1999; who mentioned that DE was significantly more
effective than Kalel-Sous at its recommended rate especially at the higher
concentrations. Also, its effect against the adults of T. castaneum and active
and diapausing larvae of T. grarnarium was reduced compared to S. oryzae
and R. dominica.

Bioactivity of Katel-Sous and Diatomaceous earth mixtures was
investigated by El-Lakwah et al., 2001 on S. oryzae, R. dominica and T.
castaneum. The results indicated that the bioactivity of the two dusts and
their mixtures was concentration and exposure period-dependent. Adults
mortality increased with the reign of the concentration and exposure period.
T. castaneum was less sensitive to the two dusts and their mixtures as
compared to the other two insect species. Zayed (2005) studied the effect of
rice husk-ash and DE. separately and in mixtures on S. oryzae and T.
castaneum. The results indicated that adult mortality increased with rising of
concentration and exposure period. T. castaneum was less susceptible to the
two dusts and their mixtures as compared to the S. oryzae.
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Table (6): Effect of treating wheat grains with the DE, TCP and their
mixtures on germination after 2 months of treatment.

Conc. Conc. Treatment

Y%w/w PE Y%ow/w TCP Mix. No. 1|Mix. No. 2 |Mix. No. 3| Control
0.05 [96.0f 0.5 94.0 def 97.0 fg 96.0 f 90.0 be

0.1 95.0 ef 1 94.0 fg 95.0 ef 94.0 def | 94.0 def

0.2 91.0 cd 2 92.0 cde | 90.0 bc 90.0 bc | 92.0 cde 1009
0.3 84.0 a 3 90.0bc | 91.0bc | 90.0bc | 87.0ab

Demissie et al. (2008) evaluated the effectiveness of the
diatomaceous earth Silicosec, a mineral industrial filter cake and domestic
wood ash, applied at three different rates for the control of the maize weevil,
Sitophilus zeamais on three maize genotypes. Treatment with silicosec was
the most effective followed by filter cake and wood ash. The treatment
reduced progeny emergence, percentage of grain damage and grain weight
losses, but did not affect percentage seed germination. However, all
treatments caused high mortality (97-100%) after 15 days of exposure.

Fig. (1) Effect of the three mixtures on the tested insect species after one
and two weeks at 1% concentration comparing to TCP at its recommended rate
of application (1% wi/w).

Concerning the efficacy of the mixtures on S. oryzae (Fig. 1A), mortality
data clearly show that mortality values from the different mixtures were obviously
greater than those of TCP. Meanwhile, the mixture No. 3 was the most effective
at various exposure periods of one and two weeks.

In case of T. castaneum (Fig. 1B) the effect of mixtures was either less or
similar mortality values as compared to TCP for all mixtures and at various
exposure periods. Results showed that the addition of DE to TCP enhanced the
toxic property of TCP at overall of mixtures. So, the addition of DE to TCP can
minimize the required amount of DE in insect control and decreases the cost of
control where the DE agent is rarely available and expensive. In conclusion we
recommend to use of DE, TCP and their mixtures in insect control of stored
products where it is safe and cheap after further studies to ensure the obtained
findings in the present study.
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Fig. (1): Effect of the three mixtures at 1% w/w against S. oryzae (A) and
T. castaneum (B) compared to TCP at its recommended rate (1%
w.w)
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Table (4): Effect of inert dusts diatomaceous earth and tricalcium phosphate admixed with the wheat grains and
wheat crushed grains on S. oryzae and T. castaneum at the different periods after treatment.

% adult mortality No. of emerged adults . . .
after indicated period after 2 months (F1 Reduction % Loss % of diet weight
Conc. (F1 progeny) after 2 months
Inert dusts % wiw (weeks) progeny)
S. oryzae | T. castaneum
1 > 1 > S. oryzae|T. castaneum|S. oryzae|T. castaneum|S. oryzae [T. castaneum
0.05 [80.0(91.7| 16.0 | 24.0 148 d 280d 8l.la 40.5a 43.0 ef 6.0 a
Diatomaceous 0.1 |93.3|100| 26.6 | 28.3 115¢c 242 ¢ 85.4b 48.65b 29 c-f 49a
earth dust 0.2 100 | - 40.0 | 46.0 72b 102 b 90.8c 78.3c 2.0a-e 30a
0.3 - - 51.6 | 60.0 33a 53 a 95.8d 88.7d 1.0 ad 20a
0.5 [33.3|40.0| 40.7 | 46.6 346 d 297 c 559 a 36.9a 7.09g 5.0a
Calcium 1 40.0 ({48.3| 46.0 | 53.3 285¢c 267 c 63.7b 43.3b 5.0 fg 40a
triphosphate dusts 2 63.3|71.6| 61.3 | 68.3 217b 186 b 724 ¢ 60.5¢c 4.0 ef 25a
3 75.0/86.6| 65.0 | 80.0 103 a 88 a 86.9d 81.3d 2.1lae 20a
Control 785 e 471 de 54.0 h 24.0b

Table (5): Effect of mixtures of tricalcium phosphate and diatomaceous earth dusts against S. oryzae (S.0.) and
T. castaneum (T.C) recorded at different periods after treatment.

% adult mortality Fi progeny Reduction % Loss % of diet weight
Treatment Conc. % after indicated period (weeks) after 2 months (F1 progeny) after 2 months
wiw S. oryzae T. castaneum S. T. S. T. S. T.
1 2 1 2 oryzae | castaneum | oryzae | castaneum oryzae | castaneum
0.5 84.0 98 33.0 40.0 136 d 275¢c 82.7 a 416 a 3.7 ef 55a
Mixture 1 86.6 100 43.3 48.0 86 ¢ 79b 89.0c 83.2 de 2.5b-e 43a
No. 1 2 93.0 - 49.4 54.0 47 b 68 b 940e 85.6 def 1.0 ad 3.0a
3 100 - 51.6 60.0 32a 42 a 96.0 f 91.0f 0.5 abc 20a
0.5 92.0 100 36.0 43.3 120 c 220c 84.7b 53.3c 3.5ef 45a
Mixture 1 95.0 - 48.3 51.0 51b 92b 93.0d 80.5d 2.0a-e 4.0a
No. 2 2 97.0 - 52.0 60.0 33a 51a 95.74 f 89.0 def 1.0 a-d 35a
3 100 - 58.0 65.0 24 a 32a 97.0f 93.2f 0.3 ab 20a
0.5 93.0 100 39.0 40.0 60 c 215¢c 92.3d 54.4 b 3.0 def 40a
Mixture 1 96.0 - 41.3 46.0 42 b 91b 946 e 80.6 d 20a-e 3.0a
No. 3 2 98.3 - 58.0 60.0 20a 46 a 97.5 gh 90.2 def 0.7 a-d 25a
3 100 - 61.3 64.0 15a 23 a 98.0 h 95.1f 0.1a 20a
Control 785 ed 471d 54.0 h 24.0b




