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Changes in Dormant Phase and Bud Development of ‘Fuji’ Apple Trees in the
Chungju Area of Korea
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Abstract: In this study, we investigated the onset and release of endo-dormancy under natural conditions by observing bud
break characteristics in ‘Fuji’ apple trees using water cuttings. Through examinations of bud break rate and days to bud
break, we found that the endo-dormancy of ‘Fuji’ apple tree continues for 70 d from 165 to 255 d after full bloom (DAFB),
from late October to early January of the following year. In addition, within 20 d of first bud break, based on a final bud
break rate of 60% or more, we able to identify the timing of the changeover from para-dormancy to endo-dormancy, and
endo-dormancy to eco-dormancy. Analysis of the chilling requirement during the endo-dormancy period revealed that chilling
accumulation up to 255 DAFB to release endo-dormancy amounted to 666 and 517 h based on the CH and Utah models,
respectively. Observation of internal changes in the bud during endo-dormancy showed that flower bud differentiation begins
from mid-July, and time of inflorescence of the disk flower is available to find. The flower buds subsequently developed slowly
but steadily during endo-dormancy and in the following year in February, the developmental stage of each organ had progressed.
Moreover, the flower buds of ‘Fuji’ apples were mostly healthy during the dormancy period, but some exhibited necrosis
of flower primordium, due partial cell damage from the formation of ice crystals rather than a direct effect of the low temperature.
Flower buds were formed in both the axillary buds of bourse shoots and terminal buds of spurs, but lower bud differentiation
was observed for the terminal buds of spurs at rate of about 65% of total buds, which was directly related to the bud size
and shoot diameter.

Additional key words: chilling requirement, dormancy model, fruiting spurs, Malus domestica Borkh. water cutting
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Table 1. Days to the first bud break and bud break rate of ‘Fuji’ apple trees in a single stem cutting made at different DAFB.

DAFB* Date Days to the first bud break Bud break’ (%) Final bud break® (%)
150 Sep. 30 7 20 40
165 Oct. 14 15 20 70
180 Oct. 30 20 20 20
195 Nov. 15 90 20 20
210 Nov. 29 75 10 10
225 Dec. 13 60 20 20
240 Dec. 27 NB NB NB
255 Jan. 12 20 10 70
270 Jan. 23 20 60 90
285 Feb. 10 20 60 60
300 Feb. 25 20 30 -

“DAFB, Days after full bloom.

YBud break rate on the first day. The number of buds that reached the green tip stage was recorded and results were expressed

as the percentage of bud break.
*Bud break rate at 330 DAFB.
NB, no bud break.
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Fig. 1. Fluctuation of maximum and minimum temperatures
during the sampling time in 2011-2012 seasons.
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Fig. 2. Chill unit accumulation pattern in the CH, and Utah
models in 2011-2012 seasons. Dormancy was induced in
mid-October and dormancy released in mid-January for ‘Fuji’
apple trees, as determined from Table 1.
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Fig. 3. Cross section of floral bud in ‘Fuji’ apple trees at 75 (A), 150 (B), 210 (C), 240 (D), 270 (E), and 300 (F) days after
full bloom. FM, floral meristem; S, scales; Fp, flower primordium; Scale bars = 500 pum.
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Fig. 4. Cross section of floral bud necrosis in ‘Fuji’ apple trees
at 255 (A, A’) and 300 (B, B') days after full bloom. Arrows
indicate necrotic spots. Scale bars = 500 pum.
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Table 2. Shoot diameter, vegetative bud and flower bud length and diameter of ‘Fuji’ apple trees at different DAFB.

DAFB* Date Shoot diameter (mm) Bud length (mm) Bud diameter (mm)
Vegetative bud
150 Sep. 30 7.99 &’ 4.11 bc 232 ¢
180 Oct. 30 7.19 abc 4.32 bc 253 ¢
210 Nov. 29 6.52 bc 3.92 bc 241 c
240 Dec. 27 6.15 ¢ 4.65 bc 2.85 bc
270 Jan. 23 7.04 abc 4.35 bc 2.85 bc
300 Feb. 25 7.65 ab 3.67 ¢ 236 ¢
Flower bud

150 Sep. 30 7.83 ab 4.19 bc 233 ¢
180 Oct. 30 nd nd nd
210 Nov. 29 599 ¢ 6.24 a 3.86 a
240 Dec. 27 6.19 ¢ 5.16 abc 3.49 ab
270 Jan. 23 6.46 bc 5.21 abc 3.44 ab
300 Feb. 25 4.76 d 5.43 ab 3.51 ab

“DAFB, Days after full bloom.

YDifferent letters within columns indicate significant difference based on Duncan’s multiple range test at p = 0.05.

nd, not detected.
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oA Z42E 8.0 8.5mmE 7|l ® THA] #7lo| wE
2ico] TARRS] Aol7} Leht 711 719k Al Aol
3 Ayo] ke 71£9] Ri(Choi et al., 2007; Kim
et al, 2011)2% US| Asfolch. olelgt AFe 7t
A0) AL eSS S| TE 0w WYL ok
o] RZ3)|x]7] wEoj(Collins and Rawnsley, 2005; Scagel
et al., 2010) ‘Fuji’ AF}e] 2 wigho] #A3fju]= 7oz A
Zhsjw, Aul Al eAl7E JE ZeiAle A lsloR & Ao

m Vegetative bud (58.8%)

m Flower bud (18.7%)
Latent bud (11.2%)

¥ Shoot (11.2%)

N /

Spur (65.7%)
Auxiliary (34.3%)

-

Spur (1.8%)
Auxiliary (98.2%)

Fig. 5. Distribution of various organs in ‘Fuji’ apple trees.
Samples were collected from one-year-old branches of
several apple trees from November to February (after flower
differentiation). Ten stem cuttings were obtained for each
month from branched containing ten buds (between the 1st
and 10th).
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Table 3. Comparison of shoot and bud characteristics according to vegetative bud and flower bud of ‘Fuji’ apple trees.

Bud length (mm) Bud diameter (mm)

Bud type Shoot diameter (mm)
Vegetative bud 7.23 = 0.27
Flower bud 6.21 + 041

*

Significance

4,08 = 0.14 2.52 + 0.08
538 + 0.21 349 = 0.14
kk kk

Mean * standard error.
" 51gn1ﬁcant at p = 0.05 and 0.01 respectively, by t-test.

Table 4. Comparison of shoot and bud characteristics according to vegetative bud and flower bud in spurs of ‘Fuji’ apple trees.

Bud type Shoot diameter (mm) Bud length (mm) Bud diameter (mm)
Vegetative bud 5.12 + 0.417 442 + 0.51 2.88 + 0.23
Flower bud 5.30 + 0.27 5.82 + 0.19 3.66 + 0.11
Significance ns * o

’Mean # standard error.
ns ke

" not significant or significant at p = 0.05, or 0.01, respectively, by t-test.
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