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Control of Zabrotes subfasciatu@Boheman) (Coleoptera,
Chrysomelidae, Bruchinae) inPhaseolus vulgarid.innaeus, using
diatomaceous earth under different temperatures
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Diatomaceous earth (DE) is a nontoxic and
efficient method to control many insect pests dhtroduction
stored grains, but there is no information about
the viability of its use for controlling the Mexican The Mexican bean weevilZabrotes
bean weevilZabrotes subfasciatu8oheman, subfasciatugBoheman), is one of the main pests
1833) (Coleoptera, Chrysomelidae, Bruchinaedf stored beans, causing expressive qualitative
Laboratory assays were conducted under differeamtd quantitative losses in grains and seeds,
temperature and DE dosage combinations mainly in the warmest regions of the world
order to determine the effect of such interactior{f®endy and Credland, 1991; Mazzonetto and
to control this pest species. Bean samples weérendramin, 2003; Sari et al., 2003). The presence
treated with 0.0; 0.50; 0.75 and 1.00 g of DE/kgf bean weevils affects the visual aspect of the
of grain. Couples of. subfasciatusiere placed beans, their odor, palatability and acceptability
in the vials of each treatment and kept in rearirtgy consumers. Additionally, significant reduction
chambers at 15, 20, 27 and8) 70 £ 10 %r.h., of the nutritional quality, weight loss and
and 24 h scotophase. Diatomaceous earth at amynmercial depreciation occur in the attacked
dosage tested caused significdnsubfasciatus grains, not only due to the presence of this weevil
mortality, especially in temperature of 27 andpecies, but also due to its fragments (Hohmann
30°C. After five days of exposure, death rates @nd Carvalho, 1989).
Z. subfasciatusvere about 100 % for all DE Insect control in stored grain is conventionally
dosages and in temperature above°’@0 achieved by using fumigation and residual
However, at 27C the insects reproduced and laighsecticides. However these methods are not
a large number of eggs before dying. The use alfiways efficient and accepted by the consumers.
0.75 and 1.00 g of DE/kg dosages i3he residues of the active ingredients can affect
recommended based on the tests. The interactiwarker safety and represent risk of contamination
of DE and temperature leads to almost 100 % of the storage facility and environment. In
mortality on the fifth day of exposure. It wasaddition, resistance of insect populations to
concluded thaf. subfasciatus very susceptible insecticides may also occur. In fact, this has
to DE treated beans. become a problem in some parts of the world

where few active ingredients are available. In
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of a mixture of insecticides has become commdg@hrysomelidae, Bruchinae) (Pinto Jr. 1999). In
practice, although this procedure is forbidden bgontrast, studies on the performance of the
Brazilian laws (Beckel, 2004). Mexican bean weevil in beans treated with DE

Nowadays, alternative methods, such as tlge not exist, despite the fact tatsubfasciatus
use of resistant bean varieties (Wanderley et at,a very important bean pest.

1997; Mazzonetto, 2002), artificial cooling The objective of this research was to evaluate
(Moreira, 1994; Pinto Jr., 1999), inert dustthe use of DE under different temperatures to
(Subramanyam and Roesli, 2000; Lorini et alcontrol Z. subfasciatusn stored beans, as an
2002), natural enemies (Kistler, 1985), repellemtiternative to residual insecticides.

plants oils and powders (Oliveira and

Vendramim, 1999; Mazzoneto and Vendramim,

2003) and other integrated measures of handliMaterials and methods

pests are becoming more common.

Diatomaceous earth (DE) is a silica dioxide The bioassays were carried out in the
inert dust extracted from fossil deposits oDepartmento de Zoologia of the Universidade
diatomaceous algae skeletons (Subramanyamaderal do Parana (UFPR), Curitiba, Brazil.
and Roesli, 2000; Jayas, 1995). Its action is bas&dults ofZ. subfasciatus/ere obtained from the
on abrasion and adsorption of lipids from theaboratério de Sisteméatica e Bioecologia de
epicuticle, killing the insect by dehydrationColeoptera (Insecta), UFPR, Centro Nacional de
(Chiu, 1939) when about 60 % of water or 30 dBesquisa Arroz e Feijao (Embrapa), Goias, Brazil
of the total corporal mass is lost (Ebeling, et aind Mercado Municipal de Curitiba, Parana. The
1966). The insecticidal effect of DE depends ansects were reared in their usual hBstulgaris
the porosity and size of the skeleton particlesommercial variety carioca. The cultivar Juriti
(Ebeling, 1971) and is affected positively byvas used, because of its excellent acceptability
denser pilosity and insect mobility (David andy Z. subfasciatuéTeixeira and Zucoloto, 2003).
Gardiner, 1950). As DE does not depend ofhe DE used was the Brazilian brand KeepDry®
metabolic reactions, insects do not developith at least 86 % of amorphous silica dioxide
genetic resistance (Ebeling, 1971). MoreovefSiO,), particles of approximately 1xm and
other advantages of DE in comparison to thepparent density of 200 g/L. Beans were
products currently used (such as chemic&bmogenized with DE concentration of 0.50, 0.75
insecticides) are the low toxicity, long lastingand 1.00 g/kg. This was done by mixing 300 g
protection and its easy and safe application (Atof beans in a plastic bag with the respective DE
et al., 2003). concentration and manually shaking each sample

Diatomaceous earth has shown to be\agorously for approximately 2 minutes until
promising biocontrol method and many studidsomogeneous distribution of DE in grain mass.
are now available on the effectiveness of this inefhen, each sample was subdivided in six sub-
dust against a great variety of storage grain pestmples of 50 g each. The same procedure was
(Jayas et al., 1995; Pinto Jr., 1999; Subramanydallowed for the control (concentration of 0.00 g
and Roesli, 2000). Infestations of some specie$ DE/kg). Sub-samples were placed in plastic
of Coleoptera have been controlled using dosadtssks with 200 mL and each one was infested
of 0.75 and 1.0 g of DE/kg of grain, such awith five couples of virgirZ. subfasciatuswith
Sitophilus oryzadLinnaeus) (Curculionidae), age of up to 24 hours. To obtain these specimens,
Tribolium castaneunfHerbst) (Tenebrionidae), beans were previously infested with males and
Oryzaephilus surinamenglsnnaeus) (Silvanidae) females for 24 hours. Individual bean seeds
and Cryptolestes ferrugineug¢Stephens) contained only one egg attached on it by a gelatin
(Cucujidae) and in dosage of 0.75 of DE/kg afapsule and kept at 30 °C, 70 + 10 % r.h. in total
beans forAcanthoscelides obtectuSay darkness until adult emergence (Sari et al., 2003).
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The plastic flasks were placed in rearing chambeg#kg), the increase of exposure time to DE was
at temperatures of 15, 20, 27 and 30 °C, fdllowed by an increase in mortality. At these
70+ 10 % r.h. and 24 h of scotophase, with skemperatures, significant differences had already
replicates for each treatment. Samples webeen observed in the average of female and male
examineddaily, and dead specimens werenortality at the third day of exposure. On the
counted, sexed and then discarded and litard day of exposure, for 0.75 and 1.00 g of DE/kg
specimens counted, sexed and returned to thidbean, the mortality at ZC was approximately
same plastic flask. Specimens were considergd % for females and 90 % for males. At°G0
dead when they did not react to the touch of a metabrtality was 90 % for females and 100 % for
clamp (Pinto Jr., 1994). These data were analyzethles. On the fifth day, no significant differences
using variance analysis, Tukey test at 5%ere observed faZ. subfasciatusortalities at
probability, and linear regression, using Statistid@mperatures above ¥6 and at concentrations
version 6.0, (Microsoft Statsoft release in 2002pf 0.50, 0.75 and 1.00 g/kg, except for females
at 30°C at 0.75 and 1.00 g/kg where the mortality
was 100 %. On the tenth day, mortality was about

Results 100 % for all temperatures, at all concentrations,
except for the control at 15 and 20 °C.

At 15 and 20 °C, the average mortality of the Determination coefficients @Rshowed that
females and males was significantly differentemperature and DE concentrations have high
from the control in DE concentrations of 0.73nfluence orZ. subfasciatumortality of females
and 1.00 g/kg, except for the third day (Tables &nd males (Figure 1). Low mortality was observed
2, 3). At the highest temperatures (27 and 30 °@) the control for females and males in lower
and at the highest DE concentrations (0.75 and 1{&inperatures. With the use of DE in all

0,00 g of DE/Kkg 0.50 g of DE/Kkg
Y =57,186 - 1,589.X% Y =9976-0.175.X

Ré=0.98 R?= 0,80

_.\

0.75 g of DE/kg 1.00 g of DE/Kg
Y =10,864 - 0,275.X Y =12,145-0,342.X
R?=10,96 R?=10,98

—

Figure 1.Sobrevivénci&. subfasciatusm feijao carioca tratados com diferentes concentracdes de
terra de diatomécea e armazenados em diferentes temperaturas.
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concentrations, a much higher mortality was verifietastaneumand T. confusumlacquelin du Val
even at the lowest temperature. (Coleoptera, Tenebrionidae) are more susceptible
to DE at temperatures below 20 °C, while
Sitophilus granariunandR. dominicaare more
Discussion susceptible to DE at 30 °C (Aldryhim, 1990,
1993; Nickson et al., 1994), agissubfacsiatus
The mortality levels (Tables 1, 2, 3) were Insects are more active in high temperatures,
higher in higher temperatures since the beginnifigpm 28 to 33 °C (Subramanyam and Roesli,
of the exposure period. Mortality percentage®000, Arthur 2000) and since mobility is essential
were higher than those obtained by Pinto Jor the effectiveness of DE (David and Gardiner,
(1994) forA. obtectusIn general, the results1950). The increase in temperature, concentration
confirm that higher dosages of DE require lessf DE and time of exposure are surely responsible
exposure time than lower dosages as observied the gradual reduction of. subfasciatus
by Pinto Jr. (1994) foA. obtectus Some development and survival.
Coleoptera species &soryzaeR. dominicaT.

Table 1.Porcentage (+ EP) of female and male mortalitg.cfubfasciatus carioca beans, until the third
day of exposition at different concentrations of DE in different temperatures.

Temperature (°C)

DE 15 20 27 30

(9/kg) Females Males Females Males Females Males Females Males

0.00 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 3.40 £ 13.40 + 3.40 +

3.33a 4.00 a 3.33a

0.50 6.60+ 20.00+ 0.00a 0.00a 50.00+ 86.60 + 33.40 £ 53.40 +
422a 516b 13.60 b 422 b 422 b 422 b

0.75 0.00a 0.00ta 40.00+ 5340+ 70.00+ 90.00 + 96.60 + 100.00 ¢

9.55b 16.10b 12.38b 4.47 b 3.33¢c

1.00 10.00+ 6.60+ 40.00+ 56.60+ 73.40+ 90.00 + 83.40 + 100.00 ¢

447a 422a 894b 955b 12.29b 4.47b 6.15¢c

Means followed by different letters differ significantly at p<0.05, as assessed by Tukey’s Significance Test.

Table 2. Porcentage (x EP) of female and male mortalit¢.cfubfasciatugn carioca beans, until the fith
day of exposition at diferent concentrations of DE in different teperatures.

Temperature (°C)

DE 15 20 27 30

(9/kg) Females Males Females Males Females Males Females Males

0.00 340+ 0.00a 0.00 a 0.00 a 0.00 a 3.40 20.00 + 10.00
3.33a 3.33a 5.16 a 4.47 a

0.50 1340+ 86.60+ 7340+ 9340+ 96.60+ 100.00 b 63.40 + 93.40
422ab 6.67cC 422b 422b  3.33b 6.15b 4.22 b

0.75 4340+ 96.60+ 96.60+ 100.00b 96.60 100.00 b 100.00 ¢ 100.00 b
12.02b 3.33c 3.33b 3.33b

1.00 50.00+ 50.0+ 9340+ 100.00b 93.40+% 100.00 b 100.00 ¢ 100.00 b
856b 856b 4.22b 4.22b

Means followed by different letters differ significantly at p < 0.05, as assessed by Tukey’s Significance Test.
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Table 3.Porcentage (+ EP) of female and male mortali®.gubfasciatus carioca beans, until de
tenth day of exposition at different concentrations of DE in different temperatures.

Temperature (°C)
DE 15 20 27 30
(g/kg) Females Males Females Males Females Males Females Males

0.00 6.60+x4.22a 0.00a 0.00a 3.40+3.33a 100.00a 76.60 +8.03 a 96.60 £3.33a 100.00 a
0.50 100.00b 100.00b 100.00b 100.00b 100.00 a 100.00 a 96.60+3.33a 100.00 a
0.75 100.00b 100.00b 100.00b 100.00b 100.00 a 100.00 a 100.00 a 100.00 a
1.00 100.00b 100.00b 100.00b 100.00b 100.00 a 100.00 a 100.00 a 100.00 a
Means followed by different letters differ significantly at p < 0.05, as assessed by Tukey’s Significance Test.

Conclusion Research 26, 207-210.

All DE dosages were efficient to contrdl  Aldryhim, Y.M., 1993. Combination of classes of
subfasciatusin carioca beans, resulting in Wheatand environmental factors affecting the
significant mortality at temperatures ranging €fficacy of amorphous silica dust, Drycide®,
from 15 to 30 °C. In the fifth day of exposure againsRhyzopertha dominigé.). Journal
mortality was about 100 % in temperatures above Of Stored Products Research 29, 271-275.
20 °C. DE at 0.75 and 1.00 g of DE/kg of beans

is recommended for an effective controlf Atui, M.B., Lazzari, FA., Lazzari, S.M.N., 2003.
subfasciatus Avaliacdo de metodologia para a detecgéo de

residuos de terra de diatomacea em graos de
trigo e farinha. Ver. Inst. Adolfo Lutz, 62, 11-
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