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Abstract

The use of inert dust and carbonic organic acid
alone or combined may be an alternative method
to control stored grain pests. The aim of these
studies was to assess the insecticide effect of
diatomaceous earth and propionic acid alone or
combined for the control of stored grain pests in
rice. The “agulhinha” rice grain (Oryza sativa
L.) class was used. A complete randomized
design of 13 treatments, replicated three times,
was set-up with two diatomaceous earth
products, Keepdry and Bugram in three dosages
each, two dosages of propionic acid, and four
combination of diatomaceous earth and propionic
acid, and a control. Samples of grain were
collected at 2, 4, 8 and 12 months, after treatment
and infested with 20 adult insects of each species
of Sitophilus oryzae and Oryzaephilus
surinamensis. The mortality assessment of
insects was recorded after 30 days of infestation.
The diatomaceous earth treatments were effective
to control the storage grain pests after twelve
months of storage. The propionic acid alone was

not effective to control the pests but the
combination with diatomaceous earth showed to
be efficient in grain conservation and rice quality.

Key words: rice, diatomaceous earth, propionic
acid, grain quality, stored grain pests.

Introduction

The search for an economic, feasible, healthy
and environmentally safe solution for the
conservation of stored grain is a challenge for
agricultural and agro-industrial researchers.

The insects that attack stored grain are a
problem, mainly because of the quality and
quantity losses they cause, but also because of
the control methods used, which are highly toxic
chemical products that can cause pest resistance
(Lorini, 2003). The use of inert dust and short
carbonic chain organic acids, applied alone or
combined, is an alternative method to the use of
chemicals. Diatomaceous earth-based inert dust,
an abrasive and hygroscopic product derived



9th International Working Conference on Stored Product Protection

824

from diatomaceous algae fossils, acts by removing the
insect’s epicuticular wax, causing loss of water, and so
death by dehydration (Lorini et al., 2003).

Organic acids and their esters are substances
diffused in nature as intermediary or final
vegetable, animal and microorganism products.
These substances are used in grain conservation
due to their antimicrobial proprieties. The
antimicrobial activities of the organic acids and
their derived esters is due to the action of non-
dissociated molecular form of these substances
in the cellular content of the grain and associated
organisms (Cramel and Prestegard, 1977; Baird-
Parker, 1980; Kung et al., 2004).

The aim in this study was to asses the
efficiency of Keepdry and Bugram inert dust,
alone or combined with propionic acid, on the
control of the main stored rice pests.

Materials and methods

The grain was dried and stored in the Post
Harvest and Grain Quality Laboratory of DCTA,
FAEM and UFPEL, where the acid and inert dust
dosages were applied. The selection, rearing,
infestation and treatment insecticide assessment
took place at the Entomology Laboratory of
Embrapa Wheat, in Passo Fundo, RS.

The experimental design used was completely
randomized with thirteen treatments and three
replicates each one with 30 kg of rice. The
treatments consisted in different dosages of
diatomaceous earth-based inert dust of two
commercial formulations as shown on Table 1.

Samples of the rice grain were taken at 2, 4,
8, and 12 months during the storage period. To
asses the pests’ mortality 300g grain samples
were taken from each replicate, and placed in
glass jars, in which 20 adult insects of the species
Sitophilus oryzae and Oryzaephilus surinamensis
where released separately. These insects came
from a laboratory culture from Entomology
Laboratory of Embrapa Wheat. The jars were
sealed with filter paper and arboseal and
maintained in a room with temperature and
relative humidity of 25 ± 1 ºC and 60 ± 5%,
respectively.

The assessment of the adult mortality of each
pest species was made 30 days after infestation
through grain sieving and counting the number
of dead insects, and then calculating the mortality
percentage.

The results were submitted to statistical
analyses and to F test (p < 0.05). The means were
compared between themselves by Tukey test
(p <  0.05). The software used was SAS Institute
(Coimbra et al., 2004).

Table 1. Rice stored grain treatments of diatomaceous earth and propionic acid used in the experiment
to control stored grain pests Sitophilus oryzae and Oryzaephilus surinamensis.

Treatment Commercial formulation Dosage  (kg/ton of grain)
01 Keepdry 0.5
02 Keepdry 1.0
03 Keepdry 1.5
04 Bugram 1.0
05 Bugram 2.0
06 Bugram 3.0
07 Propionic Acid 0.3
08 Propionic Acid 0.6
09 Keepdry +  Propionic Acid 1.0 + 0.3
10 Keepdry + Propionic Acid 1.0 + 0.6
11 Bugram  + Propionic Acid 2.0 + 0.3
12 Bugram  + Propionic Acid 2.0 + 0.6
13 Control treatment -
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Results and discussion

The results (Tables 2 and 3) showed that the
mortality percentage of the rice pests can be
controlled by the diatomaceous earth treatment,
assessed at different periods during one year of
storage.

Generally, higher temperatures make the
insects move more upon the grain mass, thus,
the possibility of contact with inert dust particles
is higher, also higher temperatures increase water
loss, which is positively related with the efficacy
of diatomaceous earth (Subramanyam and
Roesli, 2000; Arthur, 2001; Stathers et al., 2002).

According to Fields and Korunic (2000),
adequate exposure time is crucial for
diatomaceous earth effectiveness. It’s supposed
that insect movement increases cuticle contact
with dust particles, however part of the insect’s
mobility and susceptibility are influenced by
cuticle characteristics. In this case, the insect

exposure time with treated rice grain was of 30
days.

Table 2 shows the mortality results of Sitophilus
oryzae and it is evident that all treatments were
statistically superior to the control, except the
treatments with propionic acid at the 2, 4 and 8
months assessment.

All doses of Keepdry product were efficient
on the control of this pest not differing
statistically between themselves. The same
occurred with all doses of Bugram presenting a
high mortality rate.

The two doses of propionic acid tested did
not have a good performance as insecticide. The
combinations of acid and inert dust presented a
high mortality rate for the two commercial
formulations assessed.

According to Stathers et al. (2002) the
mortality of Sitophilus zeamais increased with
diatomaceous earth grain treatment, the
insecticide effect persisted during the experiment

Table 2. Insecticide effect of different dosages of inert dust and propionic acid, alone or combined,
in the control of Sitophilus oryzae, in rice grain assessed by the mean of dead insects per plot,
expressed in mortality percentage.

Dosage     Storage Month
Treatment (kg/ton)       2      4       8     12

Keepdry 0.5   77.50 ab   81.25 a   80.00 a 100.00 a
Keepdry 1.0   97.50 a   92.50 a 100.00 a 100.00 a
Keepdry 1.5 100.00 a   95.00 a 100.00 a 100.00 a
Bugram 1.0   97.50 a   98.75 a   98.75 a 100.00 a
Bugram 2.0   97.50 a   98.75 a 100.00 a 100.00 a
Bugram 3.0   98.75 a 100.00 a 100.00 a 100.00 a
Propionic Acid 0.3   11.25 c   11.25 b   11.25 b   91.25 a
Propionic Acid 0.6   61.25 b   20.00 b     5.00 b   86.25 a
Keepdry +  Propionic Acid 1.0 + 0.3   87.50 ab   96.25 a   75.00 a 100.00 a
Keepdry +  Propionic Acid 1.0 + 0.6   96.25 a   93.75 a   73.75 a 100.00 a
Bugram  +  Propionic Acid 2.0 + 0.3 100.00 a 100.00 a 100.00 a 100.00 a
Bugram  +  Propionic Acid 2.0 + 0.6 100.00 a   95.00 a 100.00 a 100.00 a
Control treatment -     0.00 d   10.00 b      5.00 b   33.75 b

C.V. %     8.50     9.16      8.40     4.16
Means followed by the same letter, in the column, do not differ statistically between themselves by the Tukey test
(p < 0.05). Infestation of 20 adult insects per plot.
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and the mortality effect is dose-dependent.
Athanassiou et al. (2003) reports that Sitophilus

oryzae mortality increases according to the pests’
exposure time to diatomaceous treated grain.
Studies made by Arthur (2002) with Sitophilus
oryzae show that this pest is more susceptible to
diatomaceous earth treatment exposure
compared with other assessed pests and also that
the mortality rate depends partially on the grain
temperature and/or moisture content.

For the Oryzaephilus surinamensis species as
shown on Table 3 Keepdry and Bugram
treatments permitted the control of this pest
showing high mortality rate.

Golob (1997) reports that there is no clearness
in the available literature as to the susceptibility
of O. surinamensis to diatomaceous earth
formulations. According to the author this pest
is more susceptible when compared with S.
oryzae e Rhyzopertha dominica. According to
Arthur (2001) O. surinamensis is more susceptible
to the diatomaceous earth formulation tested in
his study.

The insecticide effect of the propionic acid
has not been proved, only its effect in grain
conservation against microorganism although
treatments with propionic acid showed a high
mortality rate of O. surinamensis. It’s supposed
that propionic acid has an insect repellent effect,
in this manner preventing them from attacking
the grain as reported by other authors with other
grain species (Forlin, 1991; Caldasso, 1998).

As with the other species assessed in the
experiment combinations of propionic acid and
inert dust showed a high mortality rate for this
insect in both dosages of the tested products.

As observed in this research’s results, we can
infer that: the diatomaceous earth formulations,
Keepdry and Bugram, were efficient on the
control of the main stored rice pests; all tested
dosages (0.5, 1.0 and 1.5 kg/ton of grain for
Keepdry, and 1.0, 2.0 and 3.0 kg/ton of grain for
Bugram) were efficient; propionic acid used
alone was not efficient on the control of rice pests
during the 12 months of storage although it
exerted a small deleterious effect on the pests.

Table 3  Insecticide effect of different dosages of inert dust and propionic acid, alone or combined,
in the control of Oryzaephilus surinamensis, in rice grain assessed by the mean of dead insects per
plot expressed in mortality percentage.

Dose     Storage Month
Treatment (kg/ton)       2      4       8     12
Keepdry 0.5 100.00 a 100.00 a   97.50 a 100.00 a
Keepdry 1.0 100.00 a 100.00 a 100.00 a 100.00 a
Keepdry 1.5 100.00 a 100.00 a 100.00 a 100.00 a
Bugram 1.0 100.00 a 100.00 a   98.75 a 100.00 a
Bugram 2.0 100.00 a 100.00 a 100.00 a 100.00 a
Bugram 3.0 100.00 a 100.00 a 100.00 a 100.00 a
Propionic Acid 0.3 100.00 a   95.00 a   47.50 bc   87.50 a
Propionic Acid 0.6 100.00 a 100.00 a   28.75 c   96.25 a
Keepdry +  Propionic Acid 1.0 + 0.3 100.00 a 100.00 a   91.25 a 100.00 a
Keepdry +  Propionic Acid 1.0 + 0.6 100.00 a 100.00 a   77.50 ab 100.00 a
Bugram  +  Propionic Acid 2.0 + 0.3 100.00 a 100.00 a 100.00 a 100.00 a
Bugram  +  Propionic Acid 2.0 + 0.6 100.00 a 100.00 a 100.00 a 100.00 a
Control treatment -   95.00 a   78.75 b   27.50 c   66.25 b
C.V. %     1.00     3.43     9.02     3.57
Means followed by the same letter, in the column, do not differ statistically between themselves by the Tukey test
(p < 0.05). Infestation of 20 adult insects per plot.
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