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Modified Atmospheres for Controlling Stored-product Insect Pests
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Abstract

Modified atmospheres with carbon dioxide (CO,) and nitrogen (N,) have been
used as an alternative treatment to methyl bromide for the control of stored product
pests. In this study, four treatments were chosen to apply: 99.9% N,, 10% CO,and 90% N,,
20% CO, and 80% N,, and 30% CO, and 70% N,, which has been developed and situated
October, 2010 to September, 2013 at Post-harvest and Processing Research and
Development Office, Department of Agriculture and at Siam Water Flame CO., Ltd. The
aim of our research was to study the effect of modified atmosphere to survival percentage
of stored product insects. Four species tested in the first experiment were Sitophilus
zeamais, Tribolium castaneum, Rhyzopertha dominica and Oryzaephilus surinamensis, at
each developmental stages: egg, larva, pupa and adult. Gas was continuously flushed for
1-6 days. For each treatment, the control efficiency was not different. However, the
exposure time, species of insects and developmental stages of insects had the effect on
the control efficiency. Sitophilus zeamais was the most tolerant to treatments. Egg and
adult stages were controlled easier than larval and pupal stages. Sitophilus zeamais was
re-tested in the second experiment; the control efficiency of each treatment was 57.34-
61.04%. When 99.9% N, and mixture gas of 20% CO, and 80% N, were applied with four

species of insects in one ton of rice, all insects were completely controlled at 12 days.
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Table 1 Control efficiency percentage of Sitophilus zeamais, Tribolium castaneum,
Rhyzopertha dominica and Oryzaephilus surinamensis at different developmental stage
after treatment by nitrogen and carbon dioxide, October 2010-September 2013,

Department of Agriculture (1St experiment)

Control efficiency

Treatment Number of samples
percentage
N, 99.9% 384 77.48
CO» N, =10:90 384 76.94
CO,: N, =20:80 384 79.12
CO,: N, =30:70 384 78.02
Control efficiency
Exposure time Number of samples
percentage
1 day 256 56.43d"
2 days 256 72.14c
3 days 256 79.24b
4 days 256 85.85a
5 days 256 87.68a
6 days 256 86.00a
Control efficiency
Tested insects Number of samples
percentage
Sitophilus zeamais 384 39.88c¢
Tribolium castaneum 384 94.28a
Rhyzopertha dominica 384 80.54b
Oryzaephilus surinamensis 384 96.86a
Control efficiency
Insect Stages Number of samples
percentage
Egg 384 83.37b
Larva 384 61.59d
pupa 384 69.82¢
Adult 384 96.77a

Means followed by same letters in columns are not significantly different by DMRT

P<0.05)



Table 2 Control efficiency percentage of Sitophilus zeamais at different developmental

stage after treatment by nitrogen and carbon dioxide, October 2010-September 2013,

Department of Agricultureﬂ (1" experiment)

Egg stage
1day 2days 3days 4 days 5 days 6 days Mean C.V.(%)
N, 99.9% 29.32 -1.52 75.84 99.92 99.96 100.00  66.25
COz N, 2.33 -22.73 66.57 100.00 99.78 99.34 57.55
COz N, 23.68 24.53 91.19 100.00 94.38 100.00  72.30
COz N, 15.87  -12.00 93.16 100.00 99.96 99.93 66.16
Mean 17.80b% -4.43b  81.69a 99.98a 98.53a 99.82a
C.V. (%) 8.22
Larval stage
1 day 2days 3days 4 days 5 days 6 days Mean C\V.(%)
N, 99.9% 21.62 -0.87 -66.52  -16.59 1.31 -12.08  -12.19
CO, N, 13.45 -0.69 -41.92  -25.60 -21.53 -12.81  -14.85
CO, N, 25.40 0.62 -27.16 6.81 -4.19 -49.79 -8.05
CO,: N, 25.96 6.46 -50.90 15.56 -19.15 -42.22  -10.72
Mean 21.61a 1.38ab  -46.62c - -10.8%9abc  -29.22bc
C.V. (%) -51.89
Pupal stage
1 day 2days 3 days 4 days 5 days 6 days  Mean CV.(%)
N, 99.9% 21.42 7.93 13.80 -0.79 29.09 6.50 12.99
CO,: N, 11.80 3.80 33.03 -10.07 26.57 14.42 13.26
CO,: N, 26.65 30.05 11.17 11.09 26.89 9.11 19.16
CO,: N, 13.01 -1.97 7.11 4.08 31.21 27.25 13.45
Mean 18.22 9.95 16.27 1.08 28.44 14.32
CV. (%) 26.11
Adult stage
1 day 2days 3 days 4 days 5 days 6 days  Mean CV.(%)
N, 99.9% 33.96 95.95  100.00  100.00 100.00 100.00  88.32
CO,: N, 37.27 98.72  100.00  100.00 100.00 100.00  89.33
CO,: N, 53.04 97.99  100.00 100.00 100.00 100.00  91.84
CO,: N, 61.42 97.97  100.00  100.00 100.00 100.00  93.23
Mean 46.42b 97.66a 100.00a 100.00a 100.00a 100.00a
C.V. (%) 2.48

Means averaged from 4 replications.

Means followed by same letters in rows are not significantly different by DMRT P<0.05)



Table 3 Control efficiency percentage of Tribolium castaneum at different

developmental stage after treatment by nitrogen and carbon dioxide, October 2010-

September 2013, Department of Agricultureﬂ (1" experiment)

Egg stage
1day 2days 3 days 4 days 5 days 6 days Mean CV.(%)
N, 99.9% 5293 99.98 100.00 100.00 100.00 100.00  92.15
COz N, 46.53  100.00  100.00 100.00 100.00 100.00  91.09
COz N, 43.01  100.00  100.00 100.00 100.00 100.00  90.50
COz N, 76.31  100.00  100.00 100.00 100.00 100.00 91.64
Mean 48.07b% 99.99a 100.00a 100.00a  100.00a 100.00a
C.V. (%) 252
Larval stage
1 day 2days 3days 4 days 5 days 6 days Mean C.\V.(%)
N, 99.9% 65.00 100.00  100.00  100.00 100.00 100.00  94.17
CO, N, 72.63 100.00  100.00  100.00 100.00 100.00  95.44
CO, N, 57.89 100.00  100.00  100.00 100.00 100.00  92.98
CO,: N, 76.31 100.00  100.00  100.00 100.00 100.00  96.05
Mean 66.18b  100.00a 100.00a 100.00a  100.00a  100.00a
C.V. (%) 1.60
Pupal stage
1 day 2days 3days  4days 5 days 6 days Mean C.V.(%)
N, 99.9% 57.86 100.00  100.00  100.00 100.00 100.00  92.98
CO,: N, 69.16 99.71 100.00  100.00 100.00 100.00  94.81
CO,: N, 58.12 100.00  100.00  100.00 100.00 100.00  93.02
CO,: N, 56.23 99.43  100.00  100.00 100.00 100.00  92.61
Mean 60.3db  99.79a 100.00a  100.00a  100.00a  100.00a
C.V. (%) 1.93
Adult stage
1 day 2days 3days  4days 5 days 6 days Mean C.V.(%)
N, 99.9% 81.50 99.75 100.00  100.00 100.00 100.00  96.88
CO,: N, 88.75 100.00  100.00  100.00 100.00 100.00  98.13
CO,: N, 91.75 99.50  100.00  100.00 100.00 100.00  98.54
CO,: N, 92.75 100.00  100.00  100.00 100.00 100.00  98.79
Mean 88.69b  99.81a 100.00a 100.00a  100.00a  100.00a
C.V. (%) 0.97

Means averaged from 4 replications.

Means followed by same letters in rows are not significantly different by DMRT P<0.05)



Table 4 Control efficiency percentage of Rhyzopertha dominica at different

developmental stage after treatment by nitrogen and carbon dioxide, October 2010-

September 2013, Department of Agricultureﬂ (1" experiment)

Egg stage
l1day 2days 3days 4days 5 days 6 days Mean C.V.(%)
N, 99.9% 76.59 66.54 89.65 100.00 96.33 100.00  88.19
CO. N, 85.31 41.06 81.24 99.49 99.52 100.00  84.44
CO. N, 68.34 68.70 88.92 99.80 97.29 100.00  87.18
CO. N, 69.34 42.31 82.52 99.69 100.00 100.00 8231
Mean 74.90ab” 54.65b  85.58a  99.75a 98.28a 100.00a
C.V. (%) 4.09
Larval stage
1 day 2days 3days 4 days 5 days 6 days  Mean CV.(%)
N, 99.9% -2.35 44.40 61.68 96.41 97.49 99.89 66.25
CO, N, -69.05 73.61 76.81 97.10 99.54 99.98 63.00
CO, N, 29.66 63.05 77.26 73.64 99.82 99.96 73.90
CO,: N, -54.75 65.39 60.54 98.80 99.96 99.89 61.64
Mean -24.12c  61.61b  69.07ab 91.49ab  99.20a 99.93a
C.V. (%) 9.24
Pupal stage
1 day 2days 3 days 4days 5 days 6 days Mean CV.(%)
N, 99.9% a4.27 37.55 26.38 83.94 96.02 96.96 64.19
CO,: N, 34.43 31.80 83.17 90.53 96.03 97.79 72.29
CO,: N, 38.40 49.57 85.93 88.19 96.88 97.19 76.03
CO,: N, 43.81 45.85 68.69 98.10 97.81 97.75 75.34
Mean 40.23c 41.19c  66.05b  90.19a 96.6%9a 97.42a
C.V. (%) 5.20
Adult stage
1 day 2days 3 days 4days 5 days 6 days Mean CV.(%)
N, 99.9% 82.64 100.00  100.00  100.00 100.00 100.00 97.11b
CO,: N, 92.69 100.00  100.00  100.00 100.00 100.00  98.78a
CO,: N, 94.00 100.00  100.00  100.00 100.00 100.00  99.00a
CO,: N, 95.24 99.00 100.00  100.00 100.00 100.00  99.04a
Mean 91.14b 99.75a  100.00a 100.00a  100.00a  100.00a
C.V. (%) 0.45

Means averaged from 4 replications.

Means followed by same letters in rows are not significantly different by DMRT P<0.05)



Table 5  Control efficiency percentage of Oryzaephilus surinamensis at different

developmental stage after treatment by nitrogen and carbon dioxide, October 2010-

September 2013, Department of Agricultureﬂ (1" experiment)

Egg stage
1day 2days 3days 4 days 5 days 6 days  Mean C.V. (%)
N, 99.9% 93.21 85.15 99.85 99.60 93.49 95.98 94.55
CO,: N, 80.00 99.92 95.35 99.94 100.00 85.81 93.50
CO,: N, 28.16 98.46 96.68 99.66 78.99 99.58 83.59
CO,: N, 56.82  100.00 98.93 99.94 100.00 99.68 92.56
Mean 64.550° 95.88a 97.70a  99.79% 93.12a 95.26a
CV. (%) 3.66
Larval stage
1 day 2 days 3 days 4 days 5 days 6 days Mean CV. (%)
N, 99.9% 96.31 97.61 99.85 100.00 99.93 100.00 98.95
CO,: N, 91.08 98.64 97.03 86.87 99.45 98.33 95.23
CO,: N, 85.05 96.37 98.49 99.21 100.00 99.68 96.47
CO,: N, 97.65 95.27 98.31 99.21 99.86 99.92 98.37
Mean 92.52b 9697ab 98.42ab 96.32ab  99.81a 99.48a
C.V. (%) 0.85
Pupal stage
1 day 2days 3days 4 days 5 days 6 days Mean C.V. (%)
N, 99.9% 95.86 100.00  100.00  100.00 100.00 98.53 99.07
CO,: N, 96.44 100.00  100.00  100.00 100.00 100.00 99.41
CO,: N, 97.96 100.00  99.93 99.95 100.00 99.17 99.50
CO,: N, 95.13 100.00  100.00  100.00 99.37 100.00 99.08
Mean 96.3db  100.00a 99.98a  99.99a 99.84a 99.43a
C.V. (%) 0.32
Adult stage
1 day 2days 3days 4 days 5 days 6 days Mean C.V. (%)
N, 99.9% 100.00  100.00  99.25 100.00 100.00 100.00 99.88
CO,: N, 100.00 99.83 99.50 99.74 100.00 100.00 99.85
CO,: N, 100.00  100.00  100.00  100.00 100.00 100.00  100.00
CO,: N, 100.00  100.00  99.75 100.00 100.00 100.00 99.96
Mean 100.00 99.96 99.63 99.94 100.00 100.00
C.V. (%) 0.06

Means averaged from 4 replications.

Means followed by same letters in rows are not significantly different by DMRT P<0.05)



Table 6 Control efficiency percentage of Sitophilus zeamais at different developmental
stage after treatment by nitrogen and carbon dioxide, October 2010-September 2013,

Department of Agriculture (2™ experiment)

Treatment Number of samples Control efficiency
percentage
N, 99.9% 96 61.04
CO» N, =10:90 96 60.07
CO,: N, =20:80 96 57.70
CO,: N, =30:70 96 57.34
C.V. (%) 24
Control efficiency
Exposure time Number of samples
percentage
1 day 64 38.76¢"
2 days 64 57.83b
3 days 64 61.40b
4 days 64 58.37b
5 days 64 66.67ab
6 days 64 71.19a
C.V. (%) 2.57
Insect Stages Number of samples Control efficiency
percentage
Egg 96 92.46a
Larva 96 31.91b
Pupa 96 23.13c
Adult 96 88.64a
C.V. (%) 24

Means followed by same letters in columns are not significantly different by DMRT

P<0.05)



Table 7 Control efficiency percentage of Sitophilus zeamais at different developmental
stage after treatment by nitrogen and carbon dioxide, October 2010-September 2013,

Department of Agricultureﬂ (2™ experiment)

Egg stage

lday 2days 3days 4days 5 days 6 days Mean
N, 99.9% 8144  91.64 95.73  100.00 100.00 100.00 94.80

CO.: Ny 69.49  89.88 94.53 100.00 100.00 100.00 92.32
CO.: N, 69.96  88.52 89.46 100.00 100.00 100.00 91.32
CO.: N, 67.96  85.41 94.52 100.00 100.00 100.00 91.31
Mean 7221 8886~  93.56 100.00 100.00 100.00

Larval stage

lday 2days 3days 4days 5 days 6 days Mean
N, 99.9% 37.75 40.75 16.45 27.13 26.14 42.35 31.76

CO.: Ny 34.94 26.56 36.07 24.11 37.07 62.24 36.83
CO.: N, 31.29 1.44 41.73 21.22 26.92 49.52 28.69
CO.: N, 17.34 36.85 33.72 15.77 24.26 54.20 30.36
Mean 30.33 26.40 31.99 22.06 28.60 52.08

Pupal stage

lday 2days 3days 4 days 5 days 6 days Mean
N, 99.9% 18.24 23.68  32.83 35.69 34.35 31.57 29.39

CO.: Ny 17.45 20.06 15.63 12.34 36.77 35.23 2291
CO.: N, 20.87 20.44 26.23 -4.82 40.49 27.07 21.71
CO.: N, 25.29 -0.04 5.83 2.47 40.71 36.85 18.52
Mean 20.46 16.03 20.13 11.42 38.08 32.68

Adult stage

lday 2days 3days 4days 5 days 6 days Mean
N, 99.9% 29.34  100.00 100.00  100.00 100.00 100.00 88.22

CO.: N, 29.61 100.00  100.00  100.00 100.00 100.00 88.27
CO.: Ny 34.29 100.00  100.00  100.00 100.00 100.00 89.05
CO.: Ny 34.76 100.00  100.00  100.00 100.00 100.00 89.13
Mean 32.00 100.00  100.00  100.00 100.00 100.00

Means averaged from 4 replications.

Means followed by same letters in rows are not significantly different by DMRT P<0.05)



Table 8 Control efficiency percentage of Sitophilus zeamais, Tribolium castaneum,
Rhyzopertha dominica and Cryptolestes sp. at different developmental stage after
treatment by nitrogen 99.9% in one ton of rice, October 2010-September 2013,

Department of Agriculture

Control efficiency

Exposure time Number of samples
percentage
7 day 64 96.99b™
12 days 64 100.00a
Control efficiency
Tested insects Number of samples
percentage
Sitophilus zeamais 32 93.98b
Tribolium castaneum 32 99.98a
Rhyzopertha dominica 32 100.00a
Cryptolestes sp. 32 100.00a
Control efficiency
Insect Stages Number of samples
percentage
Egg 100.00a
Larva 95.07b
pupa 98.90a
Adult 100.00a

Means followed by same letters in columns are not significantly different by DMRT

P<0.05)



Table 9 Control efficiency percentage of each insect at different developmental stage
after treatment by nitrogen 99.9% in one ton of rice, October 2010-September 2013,

Department of Agriculture (3¢ experiment)

Exposure time 7 days

Sitophilus Tribolium  Rhyzopertha Cryptolestes

Insects
zeamais castaneum dominica sp.
N2 99.9% Ege 100.00 100.00 100.00 100.00
Larva 60.67 100.00 100.00 100.00
Pupa 91.16 100.00 100.00 100.00
Adult 100.00 100.00 100.00 100.00
Exposure time 12 days
N2 99.9% Ege 100.00 100.00 100.00 100.00
Larva 100.00 100.00 100.00 100.00
Pupa 100.00 100.00 100.00 100.00

Adult 100.00 100.00 100.00 100.00
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Figure 1. Gas fumigation system in laboratory
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Figure 2. Gas fumigation system in warehouse




