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Abstract: Laboratory tests were carried out to evaluate the efficacy of raw diatomaceous earth (DE) against
Rhyzopertha dominica and Tribolium castaneum in maize, sorghum and wheat. The tests were conducted
under ambient laboratory conditions (26-34°C and 27-51% r. h.). Thirty adult insects were bioassayed on 50 g
grain sample treated with the DE at five dose rates: 125, 250, 500, 1000 and 1500 ppm. Mortality of exposed
adults was measured after 7 d and 14 d exposure to treated grains. Number of progeny was assessed 80 after
removal of parent insects. Significant differences (P<0.05) in adult mortality were noted between dose rates and
exposure periods on all grain. Increase in dose rate and exposure period resulted in higher adult mortality and
progeny suppression. Efficacy of the raw DE varied with insect species and grain type. on all grain types it was
more effective against T. castaneum than R. dominica. Against R. dominica none of the dose rates gave
complete adult mortality after 14 d exposure or complete progeny suppression on any grain type, whereas
against T. castaneum complete adult mortality was achieved at 1000 and 500 ppm on maize and wheat,
respectively. Similarly, complete progeny suppression was achieved at 1000 ppm on these grain types. The
implications of these results and the potential of using raw DE to protect stored grains are discussed.
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INTRODUCTION Chemicals used for control of stored product pests or

Stored grain insects are one of the major causes of suitability and effectiveness of alternative methods of
store grain losses. Insect pest damage to stored grains control [6]. The public awareness and concern for food
results in major economic losses and in Africa where and environmental safety has led to more focused
subsistence grain production supports the livelihood of attention on research and development of reduced-risk
majority of the population, grain losses caused by storage control methods. A promising alternative with good
pests threatens food security [1]. potentials to minimize the adverse effects of insecticides

Protection of stored grains from insect damage is the use of diatomaceous earth (DE), the fossilized
currently relies on synthetic pesticides such as fumigants remains of diatoms that form an inert dust with low
phosphine or methyl bromide, or dust formulations of mammalian toxicity. This acts upon insects physically by
compounds  such  as  pirimiphos-methyl and permethrin inactivating the action of the epiculticular wax layer in
[2, 3]. The continuous use of chemicals to control stored preventing excessive water loss. DEs have low mammalian
grain pests has resulted in serious problems such as toxicity, do not break down rapidly or affect end use
development of genetic resistance, increasing cost, quality,  since  they  can be  removed  during  processing
handling hazards concerns about toxic residues in grains and  milling;  applied  directly  to  the   product  with
and threat to human health and the environment [4, 5]. almost  same  technology  as  traditional  pesticides  [8, 9].

as protectants, need also to be compared with the



Acad. J. Entomol., 5 (1): 16-21, 2012

17

Many DE formulations are now registered and Korunic [17]. while mineral composition was analyzed in
commercially available for use as grain protectants in the laboratory at the Department of Geology, University
many countries; and are generally affective against of Maiduguri by X-ray Fluorescence method on Minimate
stored-product insects [10]. Recently sufficient (Pananlytical Company, U.K.). The raw DE has the
information on the efficacies of commercial DE following properties: tapped density-312.5 g/L, pH-9.2;
formulations has been documented. The use of DEs to mineral composition: SiO -28.7%, Al O -12.6%, CaO-
control stored-product insects have been reviewed by 26.5%, Na O-11.6%, K O-9.3%, FeO-0.9%, ZnO-0.33%,
Golop [11], Korunic [12] and Subramanyam and Roesli [7]. CuO-0.18%, MnO-0.55% and LOI( loss on ignition)-1.76%.
However, there is scarcity of published information on The DE dose rates tested were 125, 250, 500, 1000 and
studies concerning raw DEs. Although all DEs affect 1500 ppm. For each grain type and dose rate combination,
insects in the same way, considerable variations in 250 g lots of grain were place in 1L capacity jars and the
efficacy among different formulations, grain types, insect appropriate amount of DE was added. The jars were then
species and live stages, physical conditions have been shaken manually for 5 minutes to achieve equal
noted [13-16]. distribution of the dust in the entire grain mass. For each

In Nigeria there are numerous local deposits of DE, grain type there was an additional 250 g untreated lot
which may provide low cost and sustainable source of DE which served as the control. The lots were then divided
for stored grain protection. However, their potential into five samples of 50 g for each treatment combination
insecticidal properties as grain protectant were not and the untreated control (2 x 3 x 6 factorial experiment
investigated. replicated 5 times, 180 jars). Thirty mixed-sex adult R.

In the present work, we examined the insecticidal dominica or T. castaneum were introduced into each jar.
potentials of Nigerian raw DE against R. dominica and T. The jars were caped with perforated plastic lids and kept
castaneum on three grain commodities. The objectives on a laboratory shelf. Dead adults were counted after 7 d
were to: (1). Evaluate the effects of application dose rate and 14 d. After the 14 d count, all dead and alive adults
and exposure periods on adult mortality and progeny were removed. The jars returned to the shelf and held at
production; and (2). Assess the influence of grain type on the same conditions for 66 d more, after which, the
DE efficacy. emerged adults were counted and recorded. 

MATERIALS AND METHODS statistical software (Statistix 8). Data on mortality were

The test insects used in our study, R. dominica and transformed while those relating to progeny were square
T. castaneum were obtained from cultures that were root [v(x + 0.5)] transformed to normalize variance. Data
maintained in the laboratory on wheat grains and wheat were then subjected to analysis of variance (ANOVA).
flour, respectively. For this experiment T. castaneum was Differences between means were compared using Tukey-
reared on wheat flour mixed with bakers yeast (20:1 w/w), Kramer (HSD) test at (P < 0.05) 
while R. dominica was reared on wheat grain. The adults
of both species aged 1-3 weeks were used in the RESULTS
experiments.

The grains used were maize (Local cultivar), sorghum Adult Mortality: The mortality of R. dominica adults
(cv. Ajama) and wheat (variety unknown) all obtained increased with increase in dose rate and exposure period
from commercial sources in Maiduguri, north-eastern (Table 1). Within each grain type there were significant
Nigeria.. The grain were cleaned and disinfected by differences (P <0.05) in mortality levels between dose
exposure to 60°C for 3 h in an air circulation electric oven rates, although in some cases the differences were not
(Chirana). Before the beginning of the experiments the significant. Similarly, within each dose rate significant
grain were left at ambient conditions (26-34°C, 27-51% r.h.) differences were noted between grain types. 
for 7 days to equilibrate with the relative humidity level. After 7 d exposure of R. dominica adults to treated

The DE, in a form of soft chalky rock, was obtained grains, the lowest mortality level was noted on sorghum
from the Department of Geology, University of Maiduguri, (15.3%) and ascended to 94.7% on wheat. For this
Nigeria. The rock was milled and analyzed for pH and exposure period, mortality level on sorghum was
tapped density in accordance with methods described by consistently lower than on wheat treated at all dose rates

2 2 3

2 2

All data were analyzed using the GLM procedure of

corrected using Abbot’s [18] formula, then arcsine
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Table 1: Mortality (% ± SE) of R. dominica adults exposed for 7 and 14 d on grain three grain types treated with different doses of raw DE
Cumulative % mortality
------------------------------------------------------------------------------------------------------------------------

Exposure period (days) DE dose rate (ppm) Maize Sorghum Wheat
7 d 0 5.34±1.7dA 2.7±1.3dA 2.7±1.3cA

125 31.5±5.3cA 15.3±2.5cB 38.7±5.2bA
250 50.9±4.1bA 16.7±1.8cB 55.3±5.0bA
500 58.9±2.9bA 17.3±1.9cB 42.7±6.7bA
1000 70.0±2.8abB 53.3±2.4bB 88.0±5.0aA
1500 76.7±1.8aB 79.9±3.7aB 94.7±1.7aA

14 d 0 8.0±1.9dA 6.7±1.5dA 6.0±1.3dA
125 62.7±1.9cA 21.8±2.2cC 49.3±2.9cB
250 65.3±1.7cA 26.7±2.8cB 73.9±4.3bA
500 83.3±1.1bA 37.9±4.2cB 75.3±4.8bA
1000 87.3±2.7bB 73.3±3.2bC 96.7±1.8aA
1500 98.0±0.8aAB 93.2±1.8aB 99.3±0.7aA

Within  each  exposure period and grain type means followed by same lower case letter (column) and upper case letter (row) are not significantly different:
Tukey-Kramer HSD test, at 5% level of probability.

Table 2: Mortality (% ± SE) of T. castaneum adults exposed for 7 and 14 d on grain three grain types treated with different doses of raw DE 
Cumulative % mortality
------------------------------------------------------------------------------------------------------------------------

Exposure period (days) DE dose rate (ppm) Maize Sorghum Wheat
7 d 0 0.0±0.0dB 0.0±0.0cB 4.7±0.8cA

125 5.3±1.3cdB 0.0±0.0cC 12.5±1.2cA
250 11.3±2.2bcA 0.0±0.0cB 8.0±0.8cA
500 26.5±2.1bA 4.0±1.6bB 41.2±9.8bA
1000 96.7±1.1aA 3.3±1.1bB 87.9±6.0aA
1500 86.1±6.5aA 9.3±2.0aB 95.3±1.7aA

14 d 0 4.7±0.8eAB 2.0±0.8dB 6.0±1.3dA
125 14.5±2.7dB 2.6±0.7cdC 68.7±3.4cA
250 55.1±2.7cB 7.4±0.7cC 96.7±1.1bA
500 93.8±2.1bB 21.1±1.3bC 100±0.0aA
1000 100±0.0aA 60.6±5.2aB 100±0.0aA
1500 100±0.0aA 71.8±2.1aB 100±0.0aA

Within each  exposure  period and grain type means followed by same lower case letter (column) and upper case letter (row) are not significantly different:
Tukey-Kramer HSD test, at 5% level of probability.

Table 3: Progeny production (mean number of adults± SE) of R. dominica and T. castaneum on three grain types treated with different doses of raw DE 
Grain type
-----------------------------------------------------------------------------------------------------------------------------

Insect species DE dose rate (ppm) Maize Sorghum Wheat
R. dominica 0 57.6±4.5aC 253.0±13.2aB 612.2±87.9aA

125 26.2±7.0bC 230.8±2.6aB 364.2±22.0bA
250 5.0±1.1cC 199.8±24.7abB 386.4±15.1bA
500 6.8±1.0cC 149.0±6.3bB 379.4±28.3bA
1000 4.0±1.0cB 60.4±5.3cA 88.8±2.4cA
1500 2.8±0.4cB 9.8±1.9dA 6.8±2.4dAB

T. castaneum 0 22.0±2.5aB 45.2±1.7aA 39.0±5.1aA
125 5.4±1.7bC 48.8±1.3abA 23.2±6.0aB
250 3.4±0.3bB 30.6±1.6bcA 7.2±3.1bB
500 0.6±0.3cB 34.6±4.2cA 1.0±0.6bcB
1000 0.0±0.0cB 19.0±2.6dA 0.0±0.0cB
1500 0.0±0.0cB 17.2±1.6dA 0.0±0.0cB

Within  each  insect  species  and grain type means followed by same lower case letter (column) and upper case letter (row) are not significantly different:
Tukey-Kramer HSD test, at 5% level of probability.
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Table 4: Progeny suppression* of R. dominica and T. castaneum on three grain types treated with different doses of raw DE
Grain type
-----------------------------------------------------------------------------------------------------------------------------

Insect species DE dose rate (ppm) Maize Sorghum Wheat
R. dominica 125 58.4±12.1bA 8.8±1.1dB 40.5±3.6cA

250 83.3±2.6aA 21.0±9.8dB 36.9±2.5cB
500 77.6±3.5abA 41.1±2.5cB 38.0±4.6cB
1000 93.1±1.7aA 76.1±2.1bB 79.6±6.7bAB
1500 95.2±0.7aB 96.6±0.7aB 98.9±0.4aA

T. castaneum 125 75.4±7.6cA 0.0cB 41.5±14.6bA
250 84.5±1.1bcA 32.2±3.6bB 81.7±7.8aA
500 97.3±1.1abA 24.0±8.6bB 98.3±1.5aA
1000 100±0.0aA 57.8±1.5aB 100±0.0aA
1500 100±0.0aA 61.8±5.1aB 100±0.0aA

Within  each  insect  species  and grain type means followed by same lower case letter (column) and upper case letter (row) are not significantly different:
Tukey-Kramer HSD test, at 5% level of probability.
* Progeny suppression here is defined as reduction in progeny number in treated grain compared to the respective untreated control.

and maize treated at  500ppm. Irrespective of grain type In   the case    of    T.    Castaneum,    compared   to
survival of adults decreased with increase in exposure R. dominica very few progeny developed on all grain
period. Thus after 14 d exposure, more insects died at all types (Table 3). In contrast to R. dominica no progeny
dose rates with mortality ascending to >93.2% on grains developed on maize and wheat treated at > 1000ppm.
treated at 1500 ppm, although complete mortality was not Furthermore,   progeny   suppression   was   higher  with
achieved on any of the treated commodities. T. castaneum where > 97% progeny suppression was

In the case of T. Castaneum, as noted for the noted on maize and wheat treated at  500ppm. However,
preceding species, increase in dose rate and exposure when  this  species  was reared on sorghum treated at
period generally increased adult mortality (Table 2). 1500 ppm, progeny suppression was barely 62%
Mortality was very low on sorghum where >90% of compared to >95% in the case of R. dominica (Table 4).
exposed adult survived 7 d exposure to grains that were
treated even at the highest dose rate. In contrast, high DISCUSSION
adult mortality levels (>85%) were noted on maize and
wheat although differences between these two grain The results of the present study showed that raw DE
commodities were not significant (P>0.05) at dose rates at dose rate of 1000 ppm on maize or wheat caused
250ppm. When T. castaneum was exposed for 14d to complete  adult  mortality  and  progeny  suppression  in
wheat and maize treated at 500 and 1000 ppm, T. castaneum, whereas against R. dominica, doses
respectively, adult mortality ascended to 100%. >1500ppm may be required to achieved the same level of
Nevertheless, on sorghum, >25% of exposed adults control.  In  contrast  to  the  findings  of  this study,
survived the highest dose rate (Table 2). Mvumi et al. [19] noted that African DEs have insecticidal

Grain type influenced the efficacy of DE against both potentials when used at dose rates as high as 2500 ppm.
insect species. A general trend showed that the DE was Korunic [20] as cited by Mvumi et al. [19] noted that
less effective on sorghum than on maize or wheat, African DE samples which he investigated were
although differences between the latter two commodities unsuitable as grain protectants at dose rate of 1000 ppm.
were not significant in all cases. The explanation was that samples contain high level of

Progeny Production: Progeny production by R. dominica layers of DE deposits. In the case of the raw DE tested in
was influenced by grain types and dose rate. In the this study, the authors were not involved in the sampling
untreated control extremely high number of progeny process. Chemical analysis of the raw DE used in the
developed on wheat, many on sorghum, but few on maize current study showed very low SiO  content (28.7%)
(Table 3). Increase in dose rate resulted in decreased compared to 70-90% in commercially available
number of emerged progeny (<10/treatment), when grains formulations [21]. Nevertheless, high efficacy was
were treated at 1500 ppm. However, none of the dose rates observed against T. castaneum, which sustained 100%
was able to completely suppress R. dominica progeny. adult mortality and progeny suppression at dose rate 1000

contaminants and were not collected from deep enough

2
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ppm on maize and wheat. Thus, the present DE seems to species. T. castaneum was more susceptible to the raw DE
be more effective against stored-grain insects than those
studied by Mvumi et al. [19].

The general trend of efficacy observed in the present
study was similar to those reported by other authors. For
instance, T. castaneum was found to be more susceptible
than R. dominica. This is in agreement with the findings
of Subramanyam et al. [22], Korunic [12] and Stathers et
al. [10] that the bostrichids are tolerant to DEs. The
present DE was more effective on wheat and maize than
on sorghum against both insects species. However, on
sorghum T. castaneum appeared tolerant than R.
dominica. Consistent with the results of this study,
differences in DE efficiency between grain types were
noted in series of studies. Athanassiou et al. [23 ] noted
that DE efficacy on barley or rice was higher than on
maize. Vayias et al. [15] found that DE was more effectives
and stable on wheat than on maize. The fact that DE
efficacy varied among the grain types tested could be
ascribed to differences in physical and chemical
characteristic of the grains. These characteristics affect
the adherence of DE dusts to the kernels and
susceptibility to insect infestation [19]. 

According to Athanassiou and Korunic [24],
progeny production in the treatment commodity is
perhaps more important than parental mortality because
a grain protectant should protect the grain for a long
storage period. The fact that none of the dose rates tested
was able to completely stop R. dominica progeny can be
partially explained by the mode of action of DEs and life
history characters of R dominica. The mode of action of
DEs is such that desiccation takes place slowly and
exposed adult may tolerate short-term exposure and lay
eggs before dying, noting that ovicidal effects of DEs has
not been reported in literature. The larvae of R. dominica
spend most time within the host grain kerned thus
avoiding continuous exposure to DE particles on the
treated grain surface. This implies that higher dose rate
capable of rapidly desiccating R. dominica adults or its
first instar larva is require to prevent progeny
development. In contrast, T. castaneum progeny was
completely suppressed at dose rates 1000 ppm on
treated maize and wheat, given that the larvae of this
species do not bore into grain kernel, thus continuously
exposed to DE particles, which in turn leads to more rapid
desiccation and death.

In the light of these results, the raw DE tested in this
study has insecticidal potentials against T. castaneum
and R. dominica. Efficacy in terms of adult mortality and
progeny suppression varied  with  grain  type  and  insect

on both maize and wheat. Against R. dominica probably
a dose range from 1700 to 2500 ppm may provide complete
control, however, further experimental work is needed to
confirm this inference. 

In Nigeria, most farmers store grains in small
quantities using different storage structures such as pots,
bags, silos, metal and plastic containers, while commercial
grain dealers resort to use of storage bags. Application of
raw DE can be easily adopted for such storage practices.
The numerous local deposits of DE may serve as
alternative to synthetic insecticides provided farmer
accept the technology and DE treated grain is acceptable
to consumers. However, there is need for impetus on
broad base investigations and development of raw DE as
sustainable low-cost and reduced-risk grain protectant.
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