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Response of Stored Grain Insects to Carbon Dioxide. 1. Effects of Temperature, Exposure Period and
Oxygen on the Toxicity of Carbon Dioxide to Sitophilus zeamais MoTSCHULSKY, Sitophilus granarius L.
and Tribolium confusum JAQUELIN DU VAL. Yukihiro Soma, Hideaki Kisuivo, Mutsuro Goto, Shigeki
Yasuta, Tkuko Matsuoka and Toshiyuki Kato. (Chemical & Physical Control Laboratory, Research
Division, Yokohama Plant Protection Station). Res. Bull. Pl. Prot. Japan 31: 25-30 (1995)

Abstract : Response of eggs, larvae, pupae and adults of S. zeamais and T. confusum to 40~100% CO2
for 5 days at 20°C or 25°C showed that the pupae was the most resistant stage of S. zeamais at 20°C
and 25°C and the pupae and the larvae were the most resistant stage of T. confusum, respectively, for
at 20°C and 25°C. The LTes value for the pupae of S.granarius was higher than that for the pupae or
larvae of S. zeamais and T. confusum when they were fumigated with 50 or 80% CO2 at 20°C or 25°C.
The toxicity of COz2 against S. zeamais pupae was enhanced by the presence of O2. The relationship
between CO2 concentrations and mortality ratios indicated that high mortality of T. confusum and low
mortality of S. zeamais were obtained from the condition of high concentration of CO2. The larvae and
the pupae which were the most resistant stage of S. zeamais and T. confusum were killed completely
under the conditions of 40~80% COz for 21 days at 20°C or for 14 days at 25°C.

Key Words : fumigation, carbon dioxide, oxygen, grain, susceptibility. S. zeamars, S. granarius, T.
confusum.
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Fig. 1. Mortalities of eggs, larvae, pupae and adults of S. zeamais resulting from 40 ~100% carbon
dioxide for 5 days at 20°C and 25°C.
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Fig. 2. Mortalities of eggs, larvae, pupae and adults of 7. confusum resulting from 40~100%
carbon dioxide for 5 days at 20°C and 25°C.
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Table 1.  Estimated LTs and LTes values for the pupae and the larvae of S. zeamais,
S. granarius and T. confusum fumigated with 50% or 80% carbon dioxide at

20°C or 25°C.
CO2 LTs0 (95%FL) LTos (95%FL)
Temperature Insect Stage
concentration day day

S. zeamats pupae 3.6 (3.53.8 75(7.2-79)
50% S. granarius  pupae 4.0 (2.5-5.0) 11.4 (8.1-32.2)
T. confusum pupae 4.2 (3.74.6) 6.4 (5.8 7.3)

20°C
S. zeamais pupae 3.6 (2.94.2) 10.3 (8.0-15.7)
80% S. granarius  pupae 2.3 (1.33.2) 12.3 (8.0-30.8)
T. confusum pupae 3.1(2.834) 59(5.1- 7.4)
S. zeamais pupae 2.4 (2.0-2.7) 5.3 (4.5 6.9)
0% S. granarius  pupae 2.7 (2.1-3.3) 7.7 (6.2-11.0)
T, confusum larvea 2.9 (2.63.1) 5.5(4.8 6.8)
pupae 2.8 (24-32) 4.3 (3.6- 6.6)
25°C
S. zeamais pupae 2.8 (2.7-2.9) 6.6 (6.1- 7.1)
80% S. granarius  pupae 2.5 (1.63.1) 9.4 (6.9-18.7)
T. confusum larvea - <5i‘
' pupae - <5*

* Data for pupae and larvae of T. confusum not avaibale because of the high mortalities
observed at relatively short exposure periods.

Table 2.  Effects of O2 concentration to the mortality for the pupae of S. zeamais and
T. confusum exposed to mixture of 50% or 100% carbon dioxide and 0% or 10%

oxygen at 20°C and 25°C.
CO2 02 . Mortality of pupae (%)
. X Temperature Period
concentration  concentration C) (day)
()] % v S. zeamais T. confusum
50 10 20 21 100 100
25 14 100 100
50 0 20 21 23.0 100
25 14 49.3 100
100 0 20 21 32.5 100
25 14 68.4 100
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Table 3. Mortality of the pupae and the larvae of S. zeamais and
T. confusum exposed to 30~100% carbon dioxide for 14
days or 21 days at 20°C.

CO2

Mean % mortality

Insect concentration

14 days exposure 21 days exposure

% larvae pupae pupae
30 96.9 95.8 98.0
40 100 99.8 100
50 100 100 100
S. zeamais 60 100 97.3 100
70 100 99.5 100
80 100 971 100
100 - - 325
30 - - -
40 100 100 100
50 100 100 100
T. confusum 60 100 100 100
70 100 100 100
80 100 100 100
100 100 100 100

1. Mean of two replicates.

N

200~500pupae or larvae in each concentration were used.

3. Percent mortalities were estimated from survivors of S. zeamats

in untreated control.
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Table 4. Mortality of the pupae and the larvae of S. zeamais and
T. confusum exposed to 30~100% carbon dioxide for 10 days or

14 days at 25°C.
CO2 Mean % mortality

Insect concentration 10 days exposure 14 days exposure
% larvae pupae larvae pupae
30 90.8 86.7 96.2 96.9

40 97.3 94.2 100 100

50 100 98.7 100 100

S. zeamais 60 100 97.3 100 100

70 99.5 95.9 100 100

80 98.5 94.2 100 100
100 - - - 68.4
30 50.7 - 883 99.6

40 94.0 100 100 100

50 100 100 100 100

T. confusum 60 100 100 100 100

70 100 100 100 100

80 100 100 100 100

100 100 100 100 100

1. Mean of two replicates.
2. 200~500 pupae or larvae in each concentlarion were used.

3. Percent mortalities were estimated from survivors of S. zeamais in

untreated control.
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