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Chilling Requirement for Breaking of Intermal Dormancy
of Main Apple Cultivars in Korea
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Abstract. The study was carried out to examine the initial point of dormancy, breaking time of internal dormancy,
and to find out the accumulated hours of low temperature (under 7.2°C from 0.0°C to 7.2°C) for bud-breaking.
Over-all, the chilling requirement for breaking of internal dormancy in the commercial apple cultivars (‘Fuji’
and ‘Tsugaru’) and apple cultivars bred in Korea (‘Hongro’, ‘Sunhong’, ‘Honggeum’, ‘Hongan’, ‘Hongso’,
‘Gamhong’, ‘Summer dream’) at the Gunwi region for 4 years (from 2009 to 2012) was investigated. Also,
the breaking time of internal dormancy in the field at the Gunwi region and the breaking time of dormancy
if air temperature of Gunwi region rises 4°C higher than the current one were investigated using the same
data. The initial point of dormancy was set at the time when the lateral bud breaking did not occurred (when
heading back cutting was done in the middle of terminal shoots). The occurrence of the breaking of internal
dormancy was decided if the breaking of the terminal bud of bourse shoot occurred within 15 days or not
in growth chamber. About 100 bourse shoots were collected by cultivar classification in early December every
year and were stored at 5.0°C, and they were placed in growth chamber at one week interval. The chilling
requirement of cultivars was expressed in accumulated hours in the field and in the growth chamber under
7.2°C and 0.0-7.2°C from the initial point of dormancy to the breaking time of internal dormancy. The results
showed that the initial point of dormancy in selected cultivars could occur at the end of September. The
breaking time of internal dormancy could occur from the end of January to the early of February. The accumulated
hours under 7.2°C for breaking of internal dormancy were 1,600-2,000 hours, while those of 0.0-7.2°C were
1,300-1,800 hours. In comparing the different apple cultivars, the chilling requirement of the early flowering
cultivars seemed lower than that of the late-flowering cultivars. Based on these results, if the air temperature
of Gunwi region rises about 4.0°C higher than the current one, the breaking time of internal dormancy will
be delayed by 2-4 weeks.

Additional key words: accumulated chilling hour, chill unit model, full blooming, Malus domestica Borkh.,
initial point of dormancy
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Table 1. Calendar date of full blooming of some apple cultivars at Gunwi region from 2009 to 2012.

Calender date of full blooming in the different year

Cultivars®
2009 2010 2011 2012

Fuiji April 20 May 5 May 1 April 28
Gamhong April 21 May 3 May 2 April 28
Hongan April 20 May 3 May 2 April 29
Honggeum April 15 May 2 April 29 April 27
Hongro April 13 May 2 April 28 April 27
Hongso April 21 May 3 May 2 April 29
Summer dream April 13 May 2 April 29 April 27
Sunhong April 14 May 1 April 28 April 26
Tsugaru April 19 May 5 April 29 April 28

“Cultivars were grafted on M.26 rootstock.
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Table 2. Sprouting rate of axillary bud in some apple cultivars affected by different time of heading back cutting in 2010.

Sprouting rate of axillary bud (%)

Cultivar® Time of heading back cutting in terminal shoot’

25 August 9 September 27 September 8 October
Fuiji 100 a* 87 a 0a 0a
Hongro 93 ab 93 a 0a 0a
Tsugaru 60 b Ob 0a 0a

“Cultivars were grafted on M.26 rootstock.

YTerminal shoot length was over 40 cm, and cutting position was middle of terminal shoot. Leaves of terminal shoot were remained.
*Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
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Fig. 1. Influence of the sampling date at field on average days
to bud breaking at 20.0-25.0°C growth chamber in apple
cultivars at 2010. Vertical bars indicate standard errors of
six bourse shoot replications.
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Table 3. Average air temperature, accumulated hours under 7.2°C, and accumulated hours from 0.0°C to 7.2°C at Gunwi region
between 20 September and time before bourse shoots in 5.0°C storage room for a three-year period (2009, 2010, 2011).

Year* Average air Accumulated hours Accumulated hours from
temperature (°C) under 7.2°C (hour) 0.0°C to 7.2°C (hour)

2009 10.4 643 464

2010 8.2 885 513

2011 9.7 737 550

“In 2009, bourse shoots were put in 5.0°C storage room at 18:00 on 2 December, and that of 2010 and 2011 were at 18:00
on 13 December. Data of air temperature was from KMA (2012).
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Fig. 2. Influence of the different accumulated hour at 5.0°C storage room on average days to bud breaking at 20.0-25.0°C growth
chamber in apple cultivars at 2009-2010 season (A), 2010-2011 season (B), and 2011-2012 season (C). The sampling time
of bourse shoot in 2009-2010 season (A), 2010-2011 season (B), and 2011-2012 season (C) were 2 December in 2009, 13
December in 2010, and 13 December in 2011, respectively. The vertical bars in 2009-2010 season (A) indicate standard errors
of six bourse shoot replications. The vertical bars in 2010-2011 season (B) and 2011-2012 season (C) indicate standard errors

of three replications (one replication was 2-3 bourse shoot).
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Table 4. Accumulated hours in the field and the growth chamber under 7.2°C and from 0.0°C to 7.2°C to break bud dormancy

in apple cultivars in three seasons.

Cultivars 2009-20120 2010-20121 2011-20122 Mean + SD
season season season
Accumulated hours under 7.2°C (hours)
Fuji 1,978 1,884 1,904 1,922 + 50
Gamhong - - 1,904 -
Hongan - 1,716 1,904 1,810 + 133
Honggeum - 1,716 1,568 1,642 + 105
Hongro 1,978 1,884 1,568 1,810 + 215
Hongso - 2,052 1,904 1,978 + 105
Summer dream - - 1,736 -
Sunhong - 1,716 1,568 1,642 £ 105
Tsugaru 1,978 2,052 1,904 1,978 + 74
Accumulated hours from 0.0°C to 7.2°C (hours)"

Fuiji 1,799 1,512 1,717 1,676 + 148
Gamhong - - 1,717 -
Hongan - 1,344 1,717 1,531 + 264
Honggeum - 1,344 1,381 1,363 + 26
Hongro 1,799 1,512 1,381 1,564 + 214
Hongso - 1,680 1,717 1,699 + 26
Summer dream - - 1,549 -
Sunhong - 1,344 1,381 1,363 + 26
Tsugaru 1,799 1,680 1,717 1,732 + 61

*Means chilling requirement for bud break was in 15 days at 20.0-25.0°C growth chamber.

*Value was accumulated hour at 5.0°C storage room of Fig. 2 plus accumulated hours under 7.2°C in the field between 20 September
and the time before bourse shoots were put in 5.0°C storage room of Table 3.

*Value was accumulated hour at 5.0°C storage room of Fig. 2 plus accumulated hours from 0.0°C to 7.2°C between 20 September
and time before bourse shoots were put in 5.0°C storage room of Table 3.

%2 ARt B ALRTEE St BE FFuT %)
Th= H1(Gianfagna and Mehlenbacher, 1985; Mehlenbacher
and Voordeckers, 1991; Swartz and Powell, 1981)9} 5
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34]7](2009-20104, 2010-2011, 2011-2012)59F 9
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TE= 7.2°C ofst Bt FA AL 1,642417KTable 4)&
HE A7l 19 FolA 14 2(2009-20109 1Y 154,
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Fig. 3. Accumulated hours in the field under 7.2°C (A) and accumulated hours in the field from 0.0°C to 7.2°C (B) at Gunwi region

between 20 September and 10 April in three seasons.
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Fig. 4. Change of accumulated hours in the field under 7.2°C (A) and accumulated hours in the field from 0.0°C to 7.2°C (B)
according to special report on emissions scenarios (SRES) A1B of inter-governmental panel on climate change (IPPC) at Gunwi
region between 20 September and 10 April in three seasons. According to SRES A1B, atmospheric CO; concentrations are
predicted almost double with the twenty-first century, and this doubling of the CO, concentration will increase the mean air
temperature of Korea by 4.0°C (IPPC, 2007). So, we added 4.0°C to the present air temperature of Gunwi region.
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