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Abstract

Laboratory tests were conducted to evaluate the efficacy of three diatomaceous earth (DE) formulations; Celite 209,
DiaFil 610 and SilicoSec in three wheat varieties, Atilla-Gan-Atilla, Cetia and Seri M82, against Rhyzopertha dominica
(F.). The DE formulations were applied at four dose rates; 250, 500, 750 and 1000 mg/kg. Bioassays were carried out at
26-34°C and at 32-45 % relative humidity (RH). Efficacy was evaluated by recording adult mortality after 7 and 14 days,
and progeny production at 56 and 112 days after treatment (DAT). Adult mortality levels significantly differed among
varieties, exposure periods, DE formulations and their dose rates, ranging from 27.7 to 100 %. With all DE formulations
and wheat varieties, complete adult mortality was achieved at 1000 mg/kg and 14 days of exposure. SilicoSec was more
effective, proving higher mortality within shorter exposure period than other formulations. Progeny production was
significantly higher in untreated Cetia than in the two other varieties and always greater in untreated than treated grains.
Complete progeny suppression was recorded at 2750 mg/kg. Generally, the performance of all DE formulations was
greater in Atilla-Gan-Atilla and Seri M82 compared to Cetia.
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Introduction

Wheat, Triticum spp., is the world’s most widely grown cereal crop and it is a major food staple for most of
the world (Iftikhar et al., 2004). Nigeria requires 3.7 million metric tons of wheat annually and spends about
635 billion Naira (USD 3.91 billion) annually to import the commodity. Yet, current local production stands at
a meager 50,000-60,000 metric tones (Magaiji et al., 2012). Wheat is currently produced commercially in
Nigeria under irrigation conditions, mainly in the Sudan/Sahelian zones where night temperatures during
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most of the growing period (November — March) range from 15 to 20°C. Wheat growing (and storage) is the
key driver of sustained economic development and food security in the wheat growing Savannah belts of
Nigeria (Falaki et al., 2009; Nwaubani et al., 2014). Therefore, harvested wheat must be protected from the
agents of deterioration during storage to maintain a high quality for processing and consumption.

Insects are the major cause of deterioration of stored wheat. The lesser grain borer, Rhyzopertha dominica,
is @ major cosmopolitan pest of stored wheat. It is also considered to be one of the most destructive and
widespread species in stored cereal grains (Athanassiou et al., 2008). Females lay eggs on the outside of the
kernel and the first instars bore inside, where they continue development until adulthood. Upon reaching the
adult stage, the mature insect bores out of the grain kernel and creates a large exit hole (Potter, 1935). This
internal development makes management of the insect difficult (Chanbang et al., 2007). This pest has also
developed a considerable level of resistance to some synthetic insecticides (Lorini & Galley, 1995). While use
of synthetic insecticides had been relied upon for the control this pest, their adverse effects on the
environment, development of resistant strains and residues in food has motivated the search for safer
alternative methods.

Diatomaceous earths (DE) are fossilized skeletons of diatoms comprising amorphous or shapeless silicon
dioxide (silica) and small amounts of other mineral elements. In contrast to synthetic chemicals, DE adsorbs
the epicuticular lipid layers, inducing mortality mainly as a result of excessive water loss through the cuticle of
the insects (Korunic, 1998). There are several commercial DE formulations that are effective against an array
of insect pests. However, insecticidal efficacy differs significantly in relation to the physical, chemical and
morphological characteristics of species of diatoms (Korunic, 1998; Rojht et al., 2010). Other factors affecting
the effectiveness of the treatment are insect species, strain, stage of development and morphological
characteristics (Korunic, 1998; Rigaux et al., 2001), grain type and even variety within a grain type
(Athanassiou, et al. 2003; Kavallieratos et al., 2005; Kavallieratos et al., 2010). Physical factors, in particular
temperature and relative humidity, also influence DE efficacy (Subramanyam & Roesli, 2000). Diatomaceous
earth could be very effective in the management of stored product insects in the wheat producing savannah
zones of Nigeria, which are characterized by high temperature and low relative humidity during the hot
season (March — May) when daytime temperatures in the open commonly reach 50°C and relative humidity
as low as 10-20 % (Lale, 1998). These conditions increase DE efficacy (Fields & Korunic, 2000).

Because of the numerous factors influencing the insecticidal activity of DEs, it appears necessary to test the
different commercial products to evaluate their efficacy against different insect species infesting stored grain
under a given set of conditions. Despite the plentiful literature data on DEs, there are no publications on DE
studies involving R. dominica and local wheat varieties in Nigerian. Moreover, there are no DE studies
conducted under real or simulated conditions of arid environments. In this work, we evaluated the insecticidal
activity of three commercially available DE formulations against R. dominica in three wheat varieties under
ambient conditions characterized by high temperature and low relative humidity. The survival of adult insects
and their ability to reproduce in the treated wheat were measured.

Materials and Methods
Insect species

The test insect, Rhyzopertha dominica, was from a field population obtained from stored paddy rice in a rice
mill store in Muna village, outskirts of Maiduguri, Nigeria, in 2016. The samples were reared on wheat
(var. Norman B) in the laboratory under fluctuating ambient conditions (26-34°C and at 32-45 % RH). One
hundred adults along with 250 g of disinfested wheat grains were placed into 1L culture jars. After 10 days,
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the adults were removed. The emerging unsexed adults from the first generation reared on wheat, aged 1 to
2 weeks-old, were used for the bioassays.

Wheat varieties

The wheat varieties used in this study were Atilla-Gan-Atilla, Cetia and Seri M 82, and were obtained from
the selecting Institute, Lake Chad Research Institute (LCRI), Maiduguri. Brief characteristics of these
varieties are presented in Table I. Foundation seeds of the varieties were used in the tests. One-kg lots of
each variety were cleaned by shaking the wheat through a sieve (mesh 2 mm) to remove inert materials and
extraneous particles. Before use in experiments, the wheat was stored for at least 72 h at 6 to -18°C to Kkill
any residual insect infestation, and then transferred to ambient conditions to equilibrate for two weeks.
Moisture content was determined using Grain Moisture Tester PM 410 (Kett, USA). The initial moisture
contents of the grains ranged from 12.2 to 12.6 %. These were adjusted to a uniform moisture content of
14 % by the addition of the appropriate amount of distilled water, tumbled for 5 min and kept for 7 days in
airtight glass jars (Zakladnoy, 1985).

Table I. Plant and grain characteristics of the tested wheat varieties. Source: LCRI (2012).

Wheat variety

Grain Characteristic

Atilla-Gan- Atilla Cetia Seri M82
Protein (%) 132 15.1 14.1
Carbohydrate (%) 76.3 70.3 72.2
Fat (%) 1.5 1.9 1.7
Gluten (%) 12.7 12.9 125
Weight of 100 kernels (g) 2.940.1 3.4+0.2 3.0£0.1

DE Formulations

The DE formulations used were Celite 209, DiaFil 610 and SilicoSec. These were obtained from Diatom
Research and Consulting Inc., Canada. Celite 209 (Celite Corporation, USA) is a marine DE containing 87 %
Si02, 65.0 % of particles <12 um (Fields and Korunic, 2000); DiaFil 610 (Celite Corporation, USA) is a white
fresh-water DE containing 89-% amorphous SiO2 and crystalline silica >0.1 %. The median particle size is 10
pm, (Korunic and Fields, 2006). SilicoSec® (Biofa GmbH Munsingen, Germany) is a DE formulation of fresh
water origin, and contains approximately 92 % SiOz, 3 % Al203, 1 % Fe20s, and 1 % Naz0. The average
particle size is between 8 and 12 mm (Shaayesteh and Ziaee, 2007).

Bioassay procedure

The experiments were carried out at 26-34 °C and at 32 % and 45 % relative humidity (RH). Four
concentrations of each DE formulation were used (250, 500, 750 and 1000 mg/kg). Each glass jar contained
150 g of wheat grain and an individual dose of DE. An additional jar of untreated wheat served as control. All
jars were shaken manually for approximately 5 min to achieve distribution of the DE in the entire grain mass
(Kavallieratos et al., 2007a). Jars were left for 10 min to allow dust to settle before dividing into test vials.
From each treatment, 3 samples of 50 g each were taken from each jar and each sample was placed in a
vial. Then, 30 R. dominica adults were introduced into each vial and the vials were closed with perforated lids
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lined with Whatman filter paper on the inside to prevent the insects from escaping. After adult introduction,
vials were placed on a laboratory shelf. Mortality of the exposed adults was measured after 7, and 14 days of
exposure. After the14 days count, dead and live individuals were counted and removed, and then the test
vial containing wheat was returned to the shelf. The number of live progeny was counted 56 days after
treatment (DAT), returned to the jars and counted again after 112 DAT. Progeny suppression was
calculated using the formula: {(1 — no. of progeny in a treatment)/no. of progeny in control} x100 %
(Nwaubani et al., 2014).

Experimental design and data analysis

The treatments consisted of three wheat varieties and three DE formulations tested at (250, 500, 750 and
1000 mg/kg), replicated three times and laid in a factorial design. Adult mortality data were corrected for adult
mortality in the control using Abbott’s (1925) formula. Data on adult mortality and progeny were arcsine and
square root transformed, respectively, and then subjected to the analysis of variance (ANOVA) procedure of
the Statistix 8.0 (Statistix Inc.). Tukey-Kramer HSD tests at P<0.05 was used to determine statistical
differences among treatments. Non-transformed data are presented in Tables II-V.

Results

After seven days of exposure to treated wheat, mortality levels of R. dominica adults ranged from 27.8 % on
the variety Atilla-Gan-Atilla treated with 250 mg/kg of Celite 209 to 100.0 % on Atilla-Gan-Atilla and Seri M82
treated at 1000 mg/kg of SilicoSec (Table II).

Table Il. Mean mortality (%=SE) of R. dominica adults after 7 days of exposure to three wheat varieties treated with
different DE formulations and doses. For each DE formulation, means within a column followed by the same lowercase
letter are not significantly different, and each dose means within a row followed by the same uppercase letter is not
significantly different; there no letter exist, differences are not significant: Tukey-Kramer (HSD) test at P< 0.05.

Wheat variety
DE formulation Dose rate (mg/kg)
Atilla-Gan-Atilla Cetia Seri M82
250 32.246.2¢ 27.8+7.3c 45.6+2.9c
500 43.3+3.8cB 69.9+5.0bA 51.148.0bcAB
Celite 209
750 79.9+2.0b 76.5+1.9ab 73.3x7.7b
1000 93.3+1.9a 91.9+2.2a 95.6=1.1a
250 35.7+4.8¢c 27.7+4.0c 36.7+1.2c
500 67.8+4.0b 51.124.9b 62.246.2b
DiaFil 610
750 80.0+1.9ab 84.4+2.9a 75.6+2.9b
1000 88.9t1.1a 87.8t1.1a 88.9t1.1a
250 57.8+4.9c 42.2+4.0c 53.35.1b
500 84.5+2.2b 78.9+4.4b 72.2+2.2b
SilicoSec
750 92.2+1.1b 85.6+2.9ab 95.6+2.9a

1000 100£0.0a 96.7+1.9a 100£0.0a
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Significant differences in mortality levels were noted among dose rates of all DE formulations. Mortality level
increased with DE dose rate. Hence, >70 % of exposed adults died at dose rates of 2750 mg/kg, irrespective
of DE formulation and wheat variety. Differences in mortality levels among varieties were only significant
when Celite 209 was applied at 500 mg/kg.

More R. dominica adults died with increased exposure period. Thus, after 14 days of exposure, >70 % of
adults died when any DE formulation was applied at 500 mg/kg or higher (Table Ill). Within this exposure
period, complete mortality was observed at the highest dose rate of all the DE formulations, except on Cetia
treated with Celite 209. Generally, the most effective formulation was SilicoSec causing 100 % mortality on
all the varieties treated at =500 mg/kg, except on Cetia. Even then, the difference was not significant. This
was followed by DiaFil 610, which caused complete mortality at the highest dose rate. Also, within this
exposure period, significant differences in mortality levels among varieties were noted only with Celite 209
applied at 500 and 750 mg/kg (Table II).

Diatomaceous earth treatment significantly affected progeny production in R. dominica. Progeny production
of this species at 56 DAT was significantly higher in untreated Cetia compared to the other varieties.
However, this trend was not consistent in the treated grains. Also, significantly less F1 individuals emerged
from the treated varieties in comparison with their respective control grains (Table V).

Table Ill. Mean mortality (%+SE) of R. dominica adults after 14 days of exposure to three wheat varieties treated with
different DE formulations and dose. For each formulation, means within a column followed by the same lowercase letter
are not significantly different, and each dose mean within a row followed by the same uppercase letter is not significantly
different; where no letter exist, differences are not significant: Tukey-Kramer (HSD) test at P<0.05.

Wheat variety
DE formulation Dose rate (mg/kg)
Atilla-Gan-Atilla Cetia Seri M82
250 53.3x5.1c 38.9+8.0c 60.2+9.6¢
500 94.6+1.1bA 72.2+4.0bB 84.3+6.0bcAB
Celite 209
750 96.7+1.9ab 87.8+3.0ab 98.8+1.2ab
1000 100+0.0a 97.8+1.1a 100£0.0a
250 63.3t5.1¢c 60.0+5.0d 62.7+3.2c
500 88.9+1.1b 78.9+4.8¢c 88.0+5.3b
DiaFil 610
750 98.9+1.1a 94.4+1.1b 97.6+1.2ab
1000 100+0.0a 100£0.0a 100£0.0a
250 76.71.9b 84.4+2.9b 81.8+2.0b
500 100+0.0a 98.9+1.1a 100£0.0c
SilicoSec
750 100+0.0a 100£0.0a 100£0.0c

1000 100+0.0a 100+0.0a 1000.0c
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Table IV. Mean+SE number of live R. dominica adults on three wheat varieties treated with three DE formulations dust
formulation at four doses 56 DAT. For each variety, means within a column followed by the same letter are significantly
different: Tukey-Kramer (HSD) test at P< 0.05.

Wheat variety
Atilla-Gan-Atill Ceti Seri M82
DE formulation D(?:’:,;agt)e fla-san ;’a b 5 hl 5
No. of rogeny No. of rogeny No. of rogeny
suppression suppression suppression
progeny (%) progeny %) progeny %)

Control 0 62.3+4.5a - 106.748.5a - 69.3+7.1a

250 18.0+2.5b 711 29.7+2.0b 90.9 8.3+1.2b 88.0

500 1.010.0cd 98.4 0.740.3e 99.3 1.3+1.9d 98.1
Celite 209

750 0.0+0.0d 100 0.3+0.3e 99.7 0.0+0.0d 100

1000 0.0+0.0d 100 0.0+0.0e 100 0.0+0.0d 100

250 18.0£1.2b 711 11.7£1.5¢ 89.0 5.7+2.2bc 91.8

500 2.3£0.9cd 86.7 2.3£0.9de 97.8 0.3+0.3d 99.5
DiaFil 610

750 0.0+0.08d 100 0.0+0.0e 100 0.0+0.0d 100

1000 0.0+0.0d 100 0.0+0.0e 100 0.0+0.0d 100

250 3.5%1.5¢ 94.7 5.741.8cd 94.7 1.7+0.7cd 97.6

500 0.0+0.0d 100 1.3+0.9de 98.8 0.0+0.0d 100
SilicoSec

750 0.0+0.0d 100 0.0+0.0e 100 0.0+0.0d 100

1000 0.0+0.0d 100 0.0+0.0e 100 0.0+0.0d 100

Table V. MeanSE number of live R. dominica adults on three wheat varieties treated with three DE formulations dust
formulation at four doses 112 DAT. For each variety, means within a column followed by the same letter are significantly
different: Tukey-Kramer (HSD) test at P< 0.05.

Wheat variety
Atilla-Gan-Atilla Cetia Seri M82
DE formulation Dose rate : : : :
(mglkg) Progeny Progeny Progeny
No. of progeny suppression No. of progeny suppression No. of progeny suppression
(%) (%) (%)

Control 0 163.3+23.1a - 246.0+19.2a - 125.3+18.3a

250 10.0+1.5b 93.9 12.3£2.9b 95.0 6.7+2.0b 94.7

500 0.040.0c 100 1.0+0.6¢ 99.5 1.0£0.6bc 99.2
Celite 209

750 0.040.0c 100 0.040.0c 100 0.040.0c 100

1000 0.040.0c 100 0.040.0c 100 0.040.0c 100

250 3.3+1.5bc 98.0 6.0+2.2b 97.5 2.0+1.0bc 98.4

500 0.0£0.0c 100 0.340.3¢c 99.9 0.340.3¢ 99.7
DiaFil 610

750 0.0£0.0c 100 0.0£0.0c 100 0.0£0.0c 100

1000 0.0£0.0c 100 0.0£0.0c 100 0.0£0.0c 100

250 0.0£0.0c 100 3.74£0.7bc 98.5 0.740.3c 99.4

500 0.0£0.0c 100 0.340.3¢ 99.9 0.0£0.0c 100
SilicoSec

750 0.040.0c 100 0.040.0c 100 0.040.0c 100

1000 0.0£0.0¢c 100 0.0£0.0c 100 0.0£0.0¢c 100
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Discussion

The results obtained from this study showed that the DE products could be used to control R. dominica in
stored wheat under arid conditions. In the current study, adult mortality increased with increasing dose
rate and time of exposure from 7 to 14 days. These results are consistent with previous reports
(Athanassiou et al., 2005; Ziaee et al., 2007; Vayias et al., 2009) indicating that the efficacy of DEs requires
an extended exposure interval and elevated dose rate.

DE has a physical mode of action, since the DE particles grasp the insect cuticles while insects are moving
on treated grain. Further exposure means active contact with DE particles, which damages the cuticular wax
layer and insects die through desiccation (Korunic, 1998). Arthur (2004) reported that higher application rates
or longer exposure intervals were necessary for control of R. dominica because adults in DE treated grains
bored into kernels, stayed inside and avoided contact with the dust. Desmarchelier & Dines (1987) reported
that at least 1.0 g/kg rate of Dryacide in wheat at 28 days of exposure was necessary for the complete control
of R. dominica adults and their progeny, while 0.5 g/kg of Dryacide was sufficient for containment of the adult
population only.

Our results showed significant effects of DE formulation against R. dominica although the differences were
evident at lower concentrations. Previous studies indicated that the efficacy of DEs would be different against
the same insect species and different results were obtained, showing the influence of origin of DEs on their
insecticidal activity. For instance, Kavallieratos et al. (2007) noted that the DE formulation PyriSec was more
effective than SilicoSec and Insecto, rendering 100 % mortality to R. dominica adults after 14 days of
exposure on wheat. Baldassari et al. (2014) showed that the DE formulation Protector caused higher
mortality of R. dominica adults than SilicoSec, after two days of exposure when both were applied at 1000
mg/kg; thereafter differences were not significant. This differential performance could be ascribed to DE
origin. According to Snetsinger (1988) DEs of marine origin are less efficacious as an insecticide than fresh-
water ones. Korunic (1998) indicated that DEs differ in species of diatoms (shape), origin (marine or
freshwater), particle size distribution, SiO2 content and so on. Hence, these properties influence their
insecticidal activities. In the present study, SilicoSec containing 92 % SiO2 of fresh-water origin had the
highest efficacy, followed by DiaFil 610, also of fresh-water origin, and Celite 209 with marine origin was less
efficacious. These properties might have been responsible for the differences observed.

DEs are generally more slow-acting than traditional grain protectants (Golob, 1997; Korunic 1998), which
may allow adults to oviposit before dying and continue to cause grain damage (Subramanyam and Roesli,
2000). This probably explains why progeny production, even in cases of very high parental mortality, was not
prevented in some of the treatments. Similar observations were made by Athanassiou et al. (2003) and
Vardeman et al. (2006), and they concluded that, even if 100 % parental mortality occurs, progeny production
is unlikely to be prevented. Interestingly the number of progeny declined in treated grains, in contrast to the
more than two-folds increase in the untreated control at 112 DAT. Generally, the progeny suppression rate
was >93 %. These results suggest that the presence of DE may slowly eliminate R. dominica populations in
treated wheat. Moreover, as inert materials, DEs have a considerable level of persistence, which makes them
suitable for long-term grain protection.

Our results show the significant effect of wheat variety on the mortality of R. dominica, indicating that
variation among varieties of a particular grain type can influence the results of DE studies. The fact that DE
efficacy varied among the tested varieties could be attributed to differences in the physical or chemical
characteristics of the grain. Our results show that R. dominica was harder to control on Cetia, the variety on
which a higher number of progeny was recorded compared to the other varieties tested. The variety Cetia
had heavier kernels and high protein and gluten contents. These characteristics might have a negatively
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impacted on DE efficacy. In contrast to our results, Kavallieratos et al. (2010), found that protein content was
related to high DE efficacy levels in certain wheat varieties. Kernel size is also likely to play an important role
in the efficacy of dust formulations, since better distribution of the DE particles is achieved on smaller kernels
compared to larger ones (Athanassiou et al., 2003). The interactions among physic-chemical characteristics
of grain on DE efficacy is not well understood and requires further investigations.

In conclusion, this study confirmed the insecticidal effect of Celite 209, DiaFil 610 and SilicoSec against
R. dominica under an arid storage environment. This pest could be controlled by using these DE formulations
on stored wheat under the dry conditions of northern Nigeria. The recommended rate of 1000 mg/kg is
acceptable to the environment and peoples’ health and it has no influence on the quality of treated grains
(Korunic et al., 1996). Significant variations in DE efficacy may occur even among varieties of a specific grain
type. However, the mechanisms involved in the differential performance of DE formulations among varieties
are not established. Further investigations on varietal differences need to be carried out with a view to
incorporating varietal resistance as a component of a DE-based integrated pest management (IPM) strategy
and deriving maximum benefits from DE applications.

References

Abbott, W. S. (1925). A method of computing the effectiveness of an insecticide. Journal of Economic Entomology, 18,
265-267.

Arthur, F. H. (2004). Evaluation of methoprene alone and in combination with diatomaceous earth to control Rhyzopertha
dominica (Coleoptera: Bostrichidae) on stored wheat. Journal of Stored Products Research, 40, 485-498.

Athanassiou, C. G., Kavallieratos, N. G., Tsaganou, F. C., Vayias, B. J., Dimizas, C. B., & Buchelos, C.T. (2003). Effect of
grain type on the insecticidal efficacy of SilicoSec against Sitophilus oryzae (L.) (Coleoptera: Curculionidae).
Crop Protection, 22, 1141-1147.

Athanassiou, C. G., Vayias, B. J., Dimizas, G. B., Kavalieratos, N. G., Papagregoriou, A. S., & Buchelos, C.T. (2005).
Insecticidal efficacy of diatomaceous earth against Sitophilus oryzae (L.) (Coleoptera: Curculionidae) and
Tribolium confusum Du Val (Coleoptera: Tenebrionidae) on stored wheat: Influence of dose rates, temperature
and exposure interval. Journal of Stored Products Research, 41, 47-55.

Athanassiou, C. G., Kavallieratos, N. G., Vayias, B. J., & Stephou, V. K. (2008). Evaluation of a new, enhanced
diatomaceous earth formulation for use against the stored products pest, Rhyzopertha dominica (Coleoptera:
Bostrychidae), International Journal of Pest Management, 54, 43-49.

Baldassari, N., & Martini, A. (2014). The efficacy of two diatomaceous earths on the mortality of Rhyzopertha dominica
and Sitophilus oryzae. Bulletin of Insectology, 67, 51-55.

Chanbang, Y., Arthur, F. H., Wilde, G. E., & Throne, J. E. (2007). Efficacy of diatomaceous earth and methoprene, alone
and in combination, against Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae) in rough rice. Journal of
Stored Products Research, 43, 396-401.

Desmarchelier, J. M., & Dines, J. C. (1987). Dryacide treatment of stored wheat: its efficacy against insects, and after
processing. Austral Journal of Experimental Agriculture, 27(2), 309-312.

Falaki, A. M., Miko, S., Mohammed, I. B., Abubakar, I. U., & Valencia, J. A. (2009). Evaluation of some improved wheat
varieties at Chiyako, Jigawa State, Nigeria. Journal of Agriculture and Biological Sciences 4, 40-43.

Fields, P., & Korunic, Z. (2000). The effect of grain moisture content and temperature on the efficacy of diatomaceous
earths from different geographical locations against stored product beetles. Journal of Stored Products
Research, 36, 1-13.

Golob, P. (1997). Current status and future perspectives for inert dusts for control of stored product insects. Journal of
Stored Products Research, 33, 69-79.



Different diatomaceous earth formulations against the lesser grain borer Rhyzopertha dominica 15

Iftikhar, H. M., Shamsad, H. S., Sajjah, H., & Khalid, I. (2004). Growth, yield and quality response of three wheat
(Triticum aestivum L) varieties to different levels of N, P and K. International Journal of Agriculture and
Biology, 3, 362-364.

Kavallieratos, N. G., Athanassiou, C. G., Vayias, B. J., & Maistrou, S. N. (2007). Influence of temperature on susceptibility
of Tribolium confusum (Coleoptera: Tenebrionidae) populations to three modified diatomaceous earth
formulations. Florida Entomologist, 90, 616-625.

Kavallieratos, N. G., Athanassiou, C. G., Vayias, B. J., Kotzamanidis, S., & Synodis, S. D. (2010). Efficacy and adherence
ratio of diatomaceous earth and spinosad in three wheat varieties against three stored-product insect pests.
Journal of Stored Products Research, 46, 73-80.

Kavallieratos, N. G., Athanassiou, C. G., Paschalidou, F. G., Andris, N. S., & Tomanovié, Z. (2005). Influence of grain
type on the insecticidal efficacy of two diatomaceous earth formulations against Rhyzopertha dominica (F)
(Coleoptera: Bostrychidae). Pest Management Science, 61, 660-666.

Korunic, Z. (1998). Diatomaceous earths, a group of natural insecticides. Journal of Stored Products Research, 34, 87-97.

Korunic, Z., & Fields, P. G. (2006). Susceptibility of three species of Sitophilus to diatomaceous earth. In Lorini, .,
Bacaltchuk, B., Beckel, H., Deckers, D., Sundfeld, E., dos Santos, J. P., Biagi, J. D., Celaro, J. C., D'A,
Faroni, L. R., Bortolini, L. de O. F., Sartori, M. R., Elias, M. C., Guedes, R. N. C., da Fonseca, R. G. &
Scussel, V. M. (Eds) Proceedings of the 9th International Working Conference on Stored-Product Protection,
15-18, October 2006, Campinas, Brazil, 681-686.

Korunic, Z., Fields, P. G., Kovacs, M. 1., Noll, J. S., Lukow, O. M., Demianyk, C. J., & Shibley, K. J. (1996). The effect of
diatomaceous earth on grain quality. Postharvest Biology and Technology, 9, 373-387.

Lale, N. E. S. (1998). Preliminary studies on the effect of solar heat on oviposition, development and adult mortality
of the cowpea bruchid Callosobruchus maculatus (F.) in the Nigerian savanna, Journal of Arid Environment,
40, 157-162.

LCRI (2012). Lake Chad Research Institute, Maiduguri. Unpublished Report.

Lorini, 1., & Galley, D. J. (1995). Changes in resistance status of Rhyzopertha dominica (Fabricius) (Coleoptera:
Bostrichidae) a pest of stored grain in Brazil, with and without deltamethrin selection. Resistant Pest
Management Newsletter, 1(7), 5-6.

Magaji, M. D., Abubakar, B. Y., & Olabanji, O. G. (2012). Current status of wheat research and production in Nigeria -
Implications for food security. Presented at Wheat for Food Security in Africa Conference, October 8, 2012,
Addis Ababa, Ethiopia. www.slideshare.net/CIMMYT/09. Accessed 12.03.2013.

Nwaubani, S. I, Opit, G. P., Otitodun, G. O., & Adesida, M. A. (2014). Efficacy of two Nigeria-derived diatomaceous
earths against Sitophilus oryzae (Coleoptera: Curculionidae) and Rhyzopertha dominica (Coleoptera:
Bostrichidae) on wheat. Journal of Stored Products Research, 59, 9-16.

Potter, C. (1935). The biology and distribution of Rhyzopertha dominica (FAB.) Transactions of the Royal Entomological
Society of London 83, 449-482.

Rigaux, M., Haubruge, E., & Fields, P. G. (2001). Mechanisms for tolerance to diatomaceous earth between strains of
Tribolium castaneum. Entomologia Experimentalis et Applicata, 101, 33-39.

Rojht, H., Horvat, A., Athanassiou, C. G., Vayias, B. J., Tomanovi¢, Z., & Trdan, S. (2010). Impact of geochemical
composition of diatomaceous earth on its insecticidal activity against adults of Sitophilus oryzae (L.)
(Coleoptera: Curculionidae). Journal of Pest Science, 83, 429-436.

Shayeateh, N., & Ziaee, M. (2007). Insecticidal efficacy of diatomaceous earth against Tribolium castaneum (Herbst).
Caspian Journal of Environmental Science, 5, 119-123

Snetsinger, R. (1988). Report on shellshock insecticide. Report of Department of Entomology, Pennsylvania State
University, 1-7.

Subramanyam, B., & Roesli, R. (2000). Inert dusts. In Subramanyam, B., Hagstrum, D. W. (Eds), Alternatives to
Pesticides in Stored-Product IPM, 321-380. Kluwer Academic Publishers, Dordrecht, The Netherlands.



16 KABIRB. G. J. & BUKARA.

Vardeman, E. A., Arthur, F. H., Nechals, J. R., & Campbell, J. F. (2006). Effect of temperature, exposure interval and
depth of diatomaceous earth on distribution, mortality and progeny production of the lesser grain borer
(Coleopteran: Bostrichidae) in stored wheat. Journal of Economic Entomology, 99, 1017-1024.

Vayias, B. J., Athanassiou, C. G., & Buchelos, C. T. (2009). Effectiveness of spinosad combined with diatomaceous earth
against different European strains of Tribolium confusum du Val (Coleoptera: Tenebrionidae): Influence of
commodity and temperature. Journal of Stored Products Research, 45, 165-176.

Zakladnoy, G. A. (1985). Modern trend in protecting stored grains from insects. D.Sc. Thesis. All Russian Institute for
Grains and Grain Products Research, Moscow, 426 pp.

Ziaee, M., Nikpay, A., & Khashaveh, A. (2007). Effect of oilseed type on the efficacy of five diatomaceous earth
formulations against Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). Journal of Pest Science, 80,
199-204.



Different diatomaceous earth formulations against the lesser grain borer Rhyzopertha dominica 17

EOMKACHOCT PA3NTNMYMNTNX ®OPMYNALNJA ONJATOMEJCKE 3EMIBE
HA TPW COPTE NWEHWLE NPOTWB KUTHOT XULLKA
RHYZOPERTHA DOMINICA (F.) (COLEOPTERA: BOSTRICHIDAE)

BABA 'AHA Jyryaym KABMP 1 AXMALDY BYKAP

3Bon

CnpoBegeHa cy nabopatopujcka UCMUTUBAHA 33 NPOLIEHY edmkacHOCTU Tpu chopmynauuje aujatomejcke
semrse (DE); Celite 209, DiaFil 610 u SilicoSec Ha Tpu copte nwenuue, Atilla-Gan-Atilla, Cetia u Seri M82,
npotuB Rhyzopertha dominica (F.). ®opmynauuje amjatomejcke 3eMrbe Cy NpuMetseHe y veTupu fose; 250,
500, 750 u 1000 mg/kg. BuoTtectoBn cy uBeneHn Ha 26-34 °C u npu 32-45 % penatuBHe BRAXHOCTM.
EdpmkacHocT je npouewnBaHa e€BUOEHTUPAEM MOpTanuTETa afynTHWUX jeauHku nocne 7 u 14 paHa, a
NOTOMCTBA HakoH 56 M 112 gaHa HakoH TpeTMaHa. HMBO CMPTHOCTM agynTHUX jeAMHKW 3HauajHO ce
pasnukoBao Mehy copTama, nepuoauma usnarawa, opmynauujama aujaTomejcke 3emrbe U HUXOBUM
po3ama, y pacnoHy og 27,7 go 100 %. Ca caum dhopmynaupjama aujatomejcke 3emrbe 1 copTama niueHuLe,
MOTNYHM MOPTanMTET koA afgynTa je nocturHyT Ha 1000 mg/kg v 14 paHa w3narawa. SilicoSec je 6uo
euKkacHujW, WTO je y3pokoBarno Behy CMpTHOCT Yy Kpahem nepuody wanarawa Hero apyre copmynaduie.
Mpogykuuja noToMcTBa je buna 3HavajHo BuUwWwa y HeTpeTupaHoj Cetia Hero y apyre ABe copTe u yBek Beha y
HETPETMPaHOM Hero y TpeTupaHoM 3pHy. [oTnyHa cynpecuja NoToMCTBa je 3abenexeHa NpUMeEHOM [03e
=750 mg/kg. KapakTtepucTuke ceux cdopmynaumja amjatomejcke 3emrbe bune cy eehe y Atilla-Gan-Atilla n
Seri M82 y ogHocy Ha Cetia.
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