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High-Temperature and High-Concentration CO, Fumigation: Insecticidal
Effects and Influence on the Quality of Apple and Japanese Pear Fruits

Satoshi Toba, Yuri Nakamura, Hiroko Havama, Tamotsu Mural, Ken Nakapa and Masatoshi MocHizuki

Entomology Research Team, National Institute of Fruit Tree Science, National Agriculture and
Food Research Organization, Grape and Persimmon Research Station
Akitsu, Higashihiroshima, Hiroshima 739-2494, Japan

Summary

The insecticidal effects on three pest insects and the influence of high-concentration CO, fumigation
under high temperature conditions on the quality of apples and Japanese pears were investigated.

1. Larvae of the oriental fruit moth, Grapholita molesta, were completely killed by 60% CO; - 16
hours, and diapausing females of the two-spotted spider mite, Tetranychus urticae, were 100% eliminat-
ed by 40% CO; - 24 hours at 35 0 . However, larvae of the peach fruit moth, Carposina sasakii, were not
all killed by CO, fumigation.

2. Different apple varieties showed different degrees of carbon dioxide injury. None was seen in
‘Tsugaru’, ‘Jonagold’ or ‘Orin’, whereas ‘Fuji’ was clearly susceptible. In the Japanese pear varieties
‘Kosui’ and ‘Hosui,” CO, fumigation worsened water soaking injury resulting from fruit senescence,
and carbon dioxide injury also occurred with high frequency in both varieties.

3. In *Hosui,” 1-methylcyclopropene treatment tended to reduce carbon dioxide injury, but aggravat-
ed itin ‘Kosui’ and ‘Fuji’.

These results indicate that it is not feasible to apply high concentrations of CO, fumigation as a quar-
antine measure for Japanese pears under high temperature conditions; however, it may be applicable to
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certain varieties of apple and for certain pest species.

Key words: CO, fumigation, oriental fruit moth, peach fruit moth, two-spotted spider mite, Japanese

pear, apple, 1-MCP
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Table 1. Harvest data of each fruit used in the fruit quality experiments.

Fruit

Cultivar

Date harvested

Location

Japanese pear

Apple

Kosui’
Hosui’
Tsugaru’
Jonagold’
Orin’
Fuji’

August 22, 2006
September 5 2006
September 19, 2006
October 16, 2006
October 28, 2006
November 13, 2006
November 17, 2007

Tsukuba, Ibaraki
Tsukuba, Ibaraki
Takizawa, lwate
Shiwa, Iwate
Takizawa, lwate
lizaka, Fukushima
lizaka, Fukushima
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Table 2. Mortality of G. molesta in Japanese pear fruits fumigated with high concentrations of carbon dioxide.

Experiment 1

Experiment 2

Treatments No.tested No. Mortality ¥ No.tested No. Mortality ¥
fruits surviving (%) fruits surviving ? (%)
Untreated 10 20 0 12 66 0
40%C02-3500 -20h 12 16 75.8
40%C02-3501 -24h 16 4 80.0
60%C02-3500 -16h 26 0 100
60%C02-350 -20h 14 100 14 0 100
60%C02-3501 -24h 16 100

ZTotal number of larvae emerged from fruits.

Y Mortalities were calculated on the assumption that the number of larvae burrowed into the fruit was identical to the

number of surviving individuals in the control.
X Total number of 2 replications.
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Table 3. Mortality of C. sasakii in mature apple fruits
fumigated with high concentrations of carbon

dioxide.
No.tested No. Mortality ¥
Treatments . Ly
fruits surviving (%)
Untreated 30 157 0

40%C02-3501 -24h 30 90 427
50%C02-3500 -24h 30 9 94.3
60%C02-3500 -24h 30 2 98.7

ZTotal number of larvae emerging from fruits.

Y Mortalities were calculated on the assumption that the
number of larvae burrowed into the fruit was identical
to the number of surviving individuals in the control.
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Table 4. Mortality of diapausing female T. urticae on apple fruits fumigated with high concentrations of carbon dioxide.

No. mites 1 day after 3 days after Mortality
Treatments — —
tested Normal Writhing Dead  Normal Writhing Dead (%)
Untreated 210 198 12 0 198 0 12 5.7
40%CO02-3500 -24h 532 0 50 482 0 0 532 100
60%C02-3500 -24h 1210 0 25 1185 0 0 1210 100

ZNo. of mites which can't walk normally.
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