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ABSTRACT

This study was carried out to examine the base temperature to flowering and the average days to
flowering by accumulated hours of low temperature (5.0°C) or changing temperature after bud
breaking. Over-all, the prediction of flowering time in the commercial apple cultivars (‘Fuji’ and
‘Tsugaru’) and apple cultivars (‘Chukwang’, ‘Gamhong’, ‘Hongan’, ‘Honggeum’, ‘Hongro’,
‘Hongso’, ‘Hwahong’, ‘Summer dream’, ‘Sunhong’) bred in Korea at the Gunwi region for 4 years
(from 2009 to 2012) was investigated. Also, this study estimated the flowering time when the air
temperature of Gunwi region rises at 5.0°C was investigated using the same data. The range of
accumulated hours of low temperature (chilling requirement) was from 0 hour to 1,671 hours, and the
range of high temperature (heat requirements) to flowering after low temperature treatment was from
5.0°C to 29.0°C. The treatments of changing temperature after bud breaking were classified as
constant temperature treatment (control) and 5.0 ~10.0°C elevation or descent treatments. The results
show that the average days to flowering was longer with shorter accumulated hours of low
temperature, and the average days from bud breaking to flowering of 0 hour treatment was longer
about 2 ~ 4 weeks than that of 1,335~ 1,503 hours treatments. In comparing to apple cultivars, the all
cultivars were not flowered under 10.0°C after bud breaking, and the cultivars with low chilling
requirements needed low heat requirements for flowering. The average days to flowering of
treatments that the air temperature after bud breaking was controlled about 15.0°C was shorter about
1~3 weeks than that of treatments was controlled about 10.0°C. In the treatment of changing
temperature after bud breaking, the average days from bud breaking to flowering of temperature
elevation treatment was shorter than that of constant temperature treatment. By use of these results,
the base temperature to flowering of main apple cultivars in Korea was seemed to 10.0°C, and if the
air temperature of Gunwi region rises about 5.0°C than that of current, the flowering time was
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estimated to be delayed by 1 week.

Key words: Base temperature to flowering, Chilling requirement, Days to flowering,
Heat requirements, Malus domestica Borkh
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Table 1. Material and method list of treatments about average days to flowering at 20.0~25.0°C growth chamber
by the different accumulated hour at 5.0°C in apple cultivars

Sampling date

Accumulated hours at 5.0°C Temperature to

Periods Cultivars of bourse shoot of bourse shoot ﬂovff’““g
after 5.0°C storage
0 hr, 159hr, 327 hr, 495 hr,
2009 ~ . 2 December in 2009 663 hr, o
2010 Fuji, Hongro, Tsugaru (Dormant stage) 831 hr, 999 hr, 1,167 hr, 200°C
1,335 hr
0 hr, 159 hr, 327 hr, 495
__ Fuji, Hongan, Honggeum, . hr, 663 hr,
22(1)(1)1 Hongro, Hongso, Sunhong, 13 (]]))zmz:rsg 5)010 831 hr, 999 hr, 1,167 hr, 22.0°C
Tsugaru & 1,335 hr,
1,503 hr, 1,671 hr
F“ﬁ’ Gamh"“gﬁHO“ga“’ 0 hr, 159 hr, 327 hr,
2011~ Ongggﬁ’ Soongro’ 13 December in 2011 495 hr, 663 hr, 4 0°C
2012 g (Dormant stage) 831 hr, 999 hr, 1,167 hr, :

Summer dream, Sunhong,
Tsugaru

1,335 hr, 1,503 hr




256 Korean Journal of Agricultural and Forest Meteorology, Vol. 19, No. 4

ol 1709] fezof 43t F 5709 7] 2271(5.0°C,
10.0°C, 15.0°C, 20.0°C, 25.0°C) 0.2 zA% ztz}ol
el 25 1704 viR|shieh At =42
= 79 304714 SiT

20129 RAb= 39 1390 HolshA] 0‘3 9%%
(TR, TR CRTIER T TP T <A
T ke cdue)e] e Ex tﬂi 507HM1
Akt e A= A G viE 5 d
2 10709] RS 3~4704 Fol RS H 1749
QoA Aof| Zol, 57§19 7] &Z7(9.0°C, 14.0°C,
19.0°C, 24.0°C, 29.0°C) .52 =A% zhzto] Aaitol|
QOIS 1704 RSk A 2= E= 6
4 309714 sh3ick

Zh 2AREYE AR Bt sk e deE
200933} 20109 9] ¥HE-L 2009 ~2010d #]- ﬂoﬁr
Ao wg sk e da AL FYskelaL, 2012
o] BRE 2011 ~20124 A& A3t Hmof wE A
ke U4 AR} S USIGIT) o]] i3} of {, A%
Arol Az A, Tehd W ZARHE L 2009 ~2010
| A2 A} Ao w2 sk e dg AL T
ST

olte] dxdE AMgH Am W S A
A e]shH Table 29} Zth

_I

r

F=2 Alat

o} & 71% 7L ol A AfufE] o
e ARREEEY 7l mAlE FFE FEskalal
37HL4(2009 3, 20104, 20124) SOt Y=z T}

Skl Abtdtaxofl Al M.260f| 53t < 2A7p o) o
Xl A SfollA ST SES(ER, AT, T
BRF, =Y AAIE e R AT A
e A9 2712 2009~20101d A2 A} Hw=
of W2 7hskra U AR FAsHAL, e 24
& o5 7R sto] Wol it ol & 7|25
5.0~10.0°C A= z}ol7} YA 3}ch

7 Al A W AR A, 200940
+ A1 2009 FHSte] a3t Ve RAIA &
Z a2 IS 40704 QST 20094 3¥ 13
o), B2 4x2|(5.0°C — 15.0°C, 10.0°C — 20.0°C,
15.0°C — 5.0°C, 20.0°C — 10.0°C)o]] w}= o} &=
Mot UpE TAPSFALAL <58 1} AT EE 50
R E 40704 F=7F= etk A2 e o
41 2009 7istol] gt 7]EE FALA 2} 7]
) AIAK5.0°C, 10.0°C, 15.0°C, 20.0°C)o]] &% H=
A7 10704 4 =25 1714 wiA S of, ¥
& 2AL gu)sle] TUsH| A 2E EA}EH*P
5 HE 1IN 7 7128 ARl S7EE vl x|ekd
o} R obA 20004 Sk Basdt 7|E2er =
Atol] o] 8 R AR FFEY AR, o5
Al ek wizbx] A3 wiRlstl e Al 9l

Table 2. Material and method list of treatments about average days to flowering by the different constant

temperature in apple cultivars

Temperature to flowering

Periods Cultivars Sampling date of bourse shoot in growth chamber
2009 Chukwang, Fuji, Honggeum, 13 March in 2009 5.0°C, 10.0°C, 15.0°C, 20.0°C
Hwahong, Sunhong, Tsugaru (Dormant stage)
Chukwang, Fuji, Gamhong,
2010 (1) Hongan, Honggeum, Hongro, 4 February in 2010 5.0°C, 10.0°C, 15.0°C, 20.0°C
Summer dream, Sunhong, (Dormant stage) 25.0°C
Tsugaru
.. 28 April in 2010 5.0°C, 10.0°C, 15.0°C, 20.0°C
2010 (2) Fuji, Hongro, Tsgaru (Pink stage) 25 0°C
Fuji, Gamhong, Hongan,
2012 Honggeum, Hongro, Hongso 13 March in 2012 9.0°C, 14.0°C, 19.0°C, 24.0°C

Summer dream, Sunhong,
Tsugaru

(Dormant stage)

29.0°C
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Table 3. Material and method list of treatments about average days to flowering by changing temperature

after bud breaking in apple cultivars

Temperature
. . Sampling date before bud Changing temperature after
Periods Cultivars of bourse shoot breaking was bud breaking was over 50%
over 50%
—10.0°C compare to temperature before bud
breaking in 15.0°C and 20.0°C treatments
2009 Chukwang, 13 1\2/[(;1(;<9:h n 5.0°C, 10.0°C, Maintain to temperature before bud breaking in
Tsugaru 15.0°C, 20.0°C 5.0°C, 10.0°C, 15.0°C and 20.0°C treatments
(Dormant stage)
+10.0°C compare to temperature before bud
breaking in 5.0°C and 10.0°C treatments
Fuji, Hongro, > December in = S.0°C, 10.0°C, 16 hocr 5 00C, Maintain +5.0°C and +10.0°C
2010 Tsugaru 2009 13.0°C, 20.0°C, compare to temperature before bud breakin
& (Dormant stage) 25.0°C P P &
Fuji, Hongan, . 0 0
Honggeum, 13 March in 90 OC , 14.0 E ’ —5.0°C, Maintain and +5.0°C compare to
2012 Hongro, Sunhon, 2012 19.0°C, 24.0°C, temperature before bud breakin
£r0, Su & (Dormant stage) 29.0°C p ! £

Tsugaru
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)= 41~46%, 1,335hr K1Y 27Y)= 28~32
A Axgrk £5 E2E Ohr AR Zx] 9t
A7V = 180~181Y, TRE= 164 AT,
999hr AAFolA ‘TR = 469, ‘FE 9} ATE =
41~429 Ar=glom, 1,335hr AAFto A ‘S =
329, ‘F29} ‘ATFE = 28~29Y AHETH

2009~2010 ZAR} ZelupH o2 20109 12Y
13e] 77 55 AFIsto] ekt g 2ARE
2010~20110}%= Ohr A&7} 70~75Y, 999hr A
1Y 249 30~46, 1,503hr ART2Y 14
)= 2232 A= FF HEE FAY A
0~495hr AR, ‘T 0~327hr AR, AT
£ 0~15%r AR <Z-8'= Ohr A3tol| 4] 73k}
2] 99kl 1,503 ~1,671hr A TEQY 1429 ~2
4 219)oMs Ao 4ert e Aow dExl F
= A8 et adaer 2228 A=Al
AL Qe =il Gl A, FAY, ATEE
9 7kg o 27~32¢ AwSArKFig. 1B).

0 189 327 490 665 &1 999 1167 1335 1308 1671 0 189 327 490 663 &1 999 1167 1335 1308 1671

Acoumulated hours at 5.0°C {nhours)

Accumulated hours at 5.0°C {hours)

0 13 327 495 663 831 999 1167 13351503 1671
Acoumulated hours at 5.0°C (hours)

Fig. 1. Influence of the different accumulated hour at 5.0°C storage room on average days to flowering 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 3~6 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 1~3 bourse shoot).
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20114 129 139 97f ZEXE A3t 2011~
20128 ZAJAE Ohr AAE7)F 57~742, 999hr A
1Y 249)= 21~31Y, 1.503hr ARL2Y 14
YL 21~279 Awolgrt EE Wzt 1,503hr A
Aol A Em Tk A8 o] 2022 A=A %
A, A, A7EE Y2 23~25Y A=t
(Fig. 1C).

ol 4 Bt AA Tl wHE Al E5E
Az Ao ds AAE TR EAUFig 1),
5.0°CollA1e] Zata|Tto] BErE WE7t =R oA
U 52 Nt adart dojRl= Agke] Q%=
ol&= ST FRVI(AR) S8 A= F
ZE|A] b Wol, sk AY Y Be 4] &
ZF5A o]FO|X|A] ekl Eeed dHE det =
o] Golx A 75} Bl A4o] Hrjehe Z AYGE A
ot o] IHAlo] HolXitk= B I(Kim et al., 2006)
¢} FY3lck 18y Kweon er al.(2013)-2 5.0°Co]|
A9] ZfAlgro] B4 otk R Y47 o HiTh
LSRGt &, i Al OlA AT o] B
et A7 dojFld Z(Fig. 1) Thes] ok
[YF7F dojF7] WY = Qo] & RAPolA=
Kweon et al.(2013)9] A=} 2 2AFS] AilFig. 1)
£ o] gste] 7t AR E0] olRE AEiA] 48
H 45 ARSI

5.0°C ZapA|zte] whE WolRE W E7kA] e H
Q2o 916, 2009~20108 ZAFo A= Ohr(12Y 2

£
% —o— Fuji
£ —{ Hongmo
ggﬁﬂ- —t— Tsugary
EE
E
£€ x]
535 :
‘-m:
o2
=]
g o
=}
2 [}

&) AT B FAE 3T A F=et 2t
2= 23~24Y AR, 999~1,335hr AAH1Y
13U ~14Y 27)of|A= T2 = 2026, ‘B2 =
15~22¢, ‘2713 = 18~22Y A=HH(Fig. 2A).

2010~20111d ®rolRe] H3lrta] 485 A4 =
AAE < BRb, B, AR FEN B AR A
TH0~1,671hr)o| A 7iSF5FAc) Ohr(12€ 2) A%+
FollA o5 3FF2] WoliE TEHA] 8% A=
28~372 HE 1, 999hr AATH1Y 24Y)= 16~22
o), 1,503hr AFT2Y 14Y)= 15~17Y A=}
(Fig. 2B).

2011~2012d "ol e] Z|SP7HA] 485 UpolA]
L ALATES} B FA, B, 2L W g
T 20| 7S Ohr AATo|A 18~242), 1,503hr
AR 149D 9-129 PEHT, ALa7wst
we glow kel “FF T AE S Ohr AT
22~259, 1,503hr AA72Y 14 = 5~14Y A
9 tHFig. 2A).

oIk o % AR Fi0] woly| e szt
A 28F= d4= oF 18Y Axo|w(Kim ef al.,
2006; Yim, 2015), 7eb7]7} =5 ARt 50 Afeat
== st wE ZERrd =riGianfagna and
Mehlenbacher, 1985; Kweon et al., 2013; Mehlenbacher
and Voordeckers, 1991; Swartz and Powell, 1981)1Z
UEA YUk B RAIAE 2ARAE B2 Hols} o
4 QAR AN 0B ZAY EF RETL 5.0°C

0 159 327 490 665 831 999 1167 1335 1503 1671 0 13 327 495 663 831 999 1167 1335 1503 1671
Accumulated hours at 5.0°C {hours) Accumulated hours at 5.0°C (hours)

0 159 327 495 o663 831 999 1167 1335 1503 1671
Accumulated hours at 5.0°C (hours)

Fig. 2. Influence of the different accumulated hour at 5.0°C storage room on average days from bud breaking
to flowering 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 3~6 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 1~3 bourse shoot).
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o Ae] HupAlgo] B4 WolE TSR] o) 4
2957 dojRl= Aol A=, “FA Ohr A2
H2YZ~1295)9] 4$ 44 B¢t el alx) &
AL 52 37 F= 285 vbHof| 1,335~
1,503hr(1 T ~28F) #2752 12219 e &
2 =]9)chFig. 2).

SHH, P 915 I Z(Figs. 1 and 2)2&= 5
W A2QAE 35 HE U sk a s 9
oHfE ZNS7HA] Q% A4=o] ApolE A FET
o ek webA Al A= 1,335hr AL A2HE
o] 7ista g 94 Yl oty AeiA| o] A8 drE
23 B AINTable 4), ASQFE7} F AT
F59 ek ada 9 ol e o] e
S ALQTFET} T AP, A, AR EF

3T

weh gre Aol Qloltk 2 Seld AEr Al

il
ok & 4= QA 3(Figs. 1 and 2), A2Q41%=7}
e BFAGE ABken il gokickn ¢ 4 9]
ItHTable 4).

32. 2 F2 At BEE0| Hsto| L
IE2E

Kweon et al.(2013)2 | AREEELS 194
] 22 Afolo] ApfHol BlubE =], A28
b BT AT AT bl 195
oA 1€E Aol AL8FE=TF =2 AP, &
4, 27 1A 29% Abol itk skgich

B Aol ApRo] ghek ElnbElgle Ao

Table 4. Average days to flowering and average days from bud breaking to flowering at 20.0~25.0°C growth
chamber in apple cultivars that the accumulated hour at 5.0°C storage was 1,335 hours in three seasons

Cultivars 2009~2010 season”  2010~2011 season”  2011~2012 season” Mean + SE
Average days to flowering (days)’
Fuji 323 36.3 24.6 31.1 £ 595
Gamhong — — 30.3 —
Hongan - 30.7 26.3 28.5 + 2.20
Honggeum - 29.3 23.7 26.5 + 2.80
Hongro 28.0 28.7 19.1 253 + 3.09
Hongso - 38.7 253 32.0 £ 6.70
Summer dream - - 25.2 —
Sunhong - 30.7 21.9 26.3 + 4.40
Tsugaru 28.8 36.0 24.8 29.9 + 3.28
Average days from bud breaking to flowering (days)*

Fuji 20.3 21.3 8.6 16.7 + 4.08
Gamhong — — 10.7 —
Hongan - 16.0 12.9 14.5 + 1.55
Honggeum — 19.4 14.2 16.8 = 2.60
Hongro 15.8 16.2 11.0 143 + 1.67
Hongso - 25.0 10.3 17.7 + 7.35
Summer dream - - 14.2 -
Sunhong - 19.0 6.0 12.5 + 6.50
Tsugaru 18.6 21.6 9.4 16.5 + 3.67

“ Air temperature to flowering of grow chamber in 2009~2010 season, 2010~2011 season, and 2011~2012
season were 20.0°C, 22.0°C, and 24.0°C, respectively.

¥ Value of 3 seasons was from 1,335 accumulated chilling hours treatment of Fig. I.
* Value of 3 seasons was from 1,335 accumulated chilling hours treatment of Fig. 2.
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Table 5. Influence of different constant temperature
on average days to first bloom in six apple cultivars
at 2009

Table 6. Influence of different constant temperature
on average days to first bloom in nine apple cultivars
at 2010

Average days to flowering by air

Average days to flowering by air

Cultivars” temperature Cultivars” temperature
5.0°C 10.0°C  15.0°C  20.0°C 5.0°C 10.0°C 15.0°C 20.0°C 25.0°C
Chukwang - 75 40 22 Chukwang - - 41 39 23
Fuji - 73 55 24 Fuji - - 48 40 28
Honggeum - 71 38 20 Gambhong - - 49 41 22
Hwahong - 69 49 24 Hongan - - 47 47 28
Sunhong — 73 36 21 Honggeum - 78 41 39 19
Tsugaru — 74 36 23 Hongro — — 46 39 19
y

ANOVA iummer _ - 52 40 2%
Cultivars (A) *x ream
Temperature (B) ok Sunhong - 76 42 39 21
A x B otk Tsugaru - - 52 41 28
* The sampling time and arrange time in growth ANOVA?

chamber of bourse shoot was 13 March in 2009, Cultivars (A) NS

r%lsld**thit* was dg@ant stage.‘ . Temperature (B) Hkk
Yo Non significant or significant at P = 0.01, AxB .

X

0.001, respectively.

2 FAE= 20099 39 1390 G A=Y
7128 Bt et dg= 5.0°C A9 B9 HE
AlFEFES=0l NetskA] Jk3laL, 10.0°C A2ollAl=
69~75%, 15.0°C A g]ol|A= 36~55%, 20.0°C #|z]
olA= 20~24Y A g 7|2o] edrs MRS
o] Bt et da7t Fasilt F5 HEe A
287t W2 AE Y Bt ek ed
7F v2 FF=°l vls) &> Ho|qlthTable 5).

AP B A o R 2R 2010 24 4
Aol AHFt BRI 52 7128 Fat ek ades
TE A AES AYI mE FEE°] 5.0°CeH
10.0°C Z2]oflA 7HskstA] SE53aL, 15.0°C A 2]of|A]
41~52¢, 20.0°C AHglof| A= 39~414, 25.0°C #&]
o4 19~28% AL L7} LA TR
B Askea ATt gashint B 2L 48
TFE7F WS e A8 FFN10.0°C Ao
76~78duto] Zgsto] FFE FolAPt gl Aow
UERHEARE ‘=, ‘B, =, AE FEEY B
o ek dart e FES00 Bis R Hol itk
(Table 6).

* The sampling time and arrange time in growth
chamber of bourse shoot was 4 February in
2010, and that was dormant stage.

¥ N& % ™ Non significant or significant at P = 0.05,
0.001, respectively.

Table 7. Influence of different constant temperature
on average days from pink stage to first bloom in
three apple cultivars at 2010

Average days from pink to flowering

Cultivars” by air temperature

5.0°C 10.0°C 15.0°C 20.0°C 25.0°C
Fuji 22 11 6 5 2
Hongro 11 7 3 2 1
Tsugaru 17 12 5 5 1
ANOVAY
Cultivars (A) koK
Temperature (B) HAK
A x B Hkk

* The sampling time and arrange time in growth

chamber of bourse shoot was 28 April in 2010,
and that was pink stage.

¥ NS ™ Non significant or significant at P = 0.001,
respectively.
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Hoto] wratthAZ} T2719d 2010 4 280
A2t FRSQ] 7]1ed Hat sk At 5.0°C
Aol A2 11~22¢, 10.0°C AHz|oAs 7~12¢
15.0°C AgjofAs 3~6%, 20.0°C Hg]oA= 2~5

2, 25.0°C APoflAl= 129 A== 7]20] Zepd
T5 x50 Bt ek A7t Aasigink &
3 %iih TR, AT, BAP 07 et Jska
QU47F AT Table 7).

Aol ehHsHA| e Sl A om FAE
20124 3¢ 13Y0] 3t AR So] 7]
Nep 2 U= 9.0°C 229 A9 B AdESE0l
MeFsHA] FSHRAL, 14.0°C APoflA= 43~51d
19.0°C AHgof| A= 27~41¢, 24.0°C AHgof|A= 21~
384, 29.0°C Aglof|A+=20~25Y AR 7|20 &
s iR Ee Hat ek daert Faskel
o 5 HEE v, 2R, AT E5EY B+
Mot da7t the EF5500 Bls) 42> Holqlth
(Table 8).

Table 8. Influence of different constant temperature
on average days to first bloom in nine apple cultivars
at 2012

Average days to flowering by air

Cultivars® temperature
9.0°C 14.0°C 19.0°C 24.0°C 29.0°C

Fuji - 48 39 25 22
Gamhong ~ — 51 29 33 25
Hongan - 46 41 21 22
Honggeum — — 43 27 25 20
Hongro - 43 31 21 21
Hongso — 47 36 38 24
wmmer 4937 25 2
Sunhong - 48 27 27 20
Tsugaru - 47 30 23 20
ANOVA*

Cultivars (A) ook

Temperature (B) *oHE

A x B Hkok

* The sampling time and arrange time in growth

chamber of bourse shoot was 13 March in 2012,
and that was dormant stage.

¥ NS ™ Non significant or significant at P = 0.001,
respectively.

ool 370 Bt FH7] AEi TR ES
o7 ZARE A3= &3 H(Tables 5, 6 and 8),
AL AT e B, AFIES 100°CH
g 37t 7Y W] Al ETt w2 FE
(AP, T, B, ATEENEL 10.0~15.0°CH
g s 7Rsgon, $Ua 718 2704 Aea
FEsh e EFEO AL USE AR aTEI
E FeERT AIth ol AdEH BE 9Pt
HLATFET} $24% Wol 9l skE 9ot meaT
T 9A] == HEIil(Cesaraccio ef al, 2004,
Gianfagna and Mehlenbacher, 1985; Kweon et al.,
2013)9h AT et hefx] ko] Bir et
A7 TH71 o 2FTE ZARIA = 10.0°C B]YEe]
2oA Re FFol NS EE ol Aot
e wEEAsl S/ W R 2l

5.0°C 20l|A g FFo] 7N2HE sF3ltKTable 5,
6, 7 and 8). o]= FTH7|Y w] HF3t 10.0°C H|Rt
A= SHE(flower cluster)E°] 52|7| 58 5=
7] Atolofl R EE] ¥ 1Y) wjol AR wIA|A)).

Kim et al.(2006)2 Y19 252 27183

© %2 AdEe] 435 e ol 85T, ol
) olFeol= ks 799 AEEA =2 Aol
AE FohES olgste] WSSk, sk & 170
4 A AL} o] $5| o] old Ado] g
Fol U RS Awshe dabt gkn s
Yim(2015)> HG¥ shte] Qlo] 25 =719 30~

50%0°] Eafolgt e TP o g Ao ke 5
e N VAR E S B e
HefRlEe] 5.0°C 2qolAl ekt 4= QUd A
(Table 7)2 3-2|7]o AF7E B =2 5.0°C A=
o]Hof 2}F 1 50| of= H= AA FH7| AJH
o] 20| the WAl AR A 5 A A=
2 FIMIES FHY 4 9] vEolgl, ot of
Zofl 33 A4 SpFo] 5.0°C =HolA e
= Zl(Tables 5 and 6)=2 5.0°C2] W2 7]20f 2J3)
3% 9] QhE0] Weol AR FOR A5 5|
= okEo] FEEA apFo] EE|E] ez

i

i

iAo Ashtn Zo] F27)5e a7
A A2QFE A4 oF 79 HZ(Kim et al., 2006;
Yim, 2015)2 ¥2{# 912, Anderson and Seeley
(1992)% 25.0°Coll A TAIZE AogS wf A=A
=91 1 GDH(growth degree hour)& &3l 714
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shel, "M ARRES-E Wol7]7] 75 GDH
271744 201 GDH, 7§8}7]7}4] 267 GDH7} 2 ﬁo}
oha shgiek = Rl FEe SR s
74 23t GDH: 66 GDHE U= ALksld 2.8
U A= Holed, £ 24 94 35F BT 25.0°C
Z2A4 —‘@ﬂﬂ—.—E] Ao AQE 227} 1 ~29
AEFT, ZT272E AR A28% Adsr) 78 A
= HYd AeFs T2 A$ 10.0°C, ‘FAP9t
P71 = 15.0°CUTH(Table 7). o= ALQH1=7} &=
2 FYrE 1284w} =8tk Eal(Cesaraccio
et al., 2004; Gianfagna and Mehlenbacher, 1985) %!
‘RO ALQTEE FAQ} AT HT} A
o7 Wk, A FR o) AYxd w7
FA 2R R 1-7Y AR Wtk By
(Kweon et al., 2013)9} <33t}

3.3. 2o}

SEA At mpel o

N 285E A4t oF 18Y
al., 2006; Yim, 2015), 25. 0°C°ﬂ 1 1 1{ Jﬂngﬁ ]q}

9] mo}Ta 7H§}77}x1 192 GDH7} e, ol&
A42 AlAHH 8 Aol Anderson and Seeley,

a0 -
1 Chukwang
g | — I'sugaru

T

60 -

40

30 1
20 4
0 -

1992).
2 AIFeA 371132009, 20101, 20124) Sk
AN wol - w.eof nh2 AjEke e s A 5
A Apkgo] s elutEgie oR FAEE
20094 39 1320 3 Z T} 2o} 0] A
o= o} & 7] 50°CR H2j3t 5.0°C T Az
T} 15.0°C — 5. 0"C W2 A2t 7HekE ohA] Sot
Qa, wol & 7122 10.0°CE A g3t 10.0°C 3=
Hele] Wolie A7 sod dnt 64
20.0°C — 10. 0°C He Zg]s= 50~52Y %‘EME}.

dlo} & 7|22 15.0°CE a3t 15.0°C 3 Azt
o} 5.0C — 15 0°C 2 Ate] Wopie k74|
20% A4 742 30~349, 31~36Y HEFon,

dhol 3 7128 20.0°CE A 2J3t 20.0°C g Az}
10.0°C — 20.0°C -2 H|7-9] gropile] 7{airtx]
295 A% 747 17~19Y, 219 A=QrKFig. 3).

2009 12 2Uof| 3FF("FAP, T2, ‘ATH)
o] A5 AFH AL 5,0°C 2HqA 27 H=
AZAIZ] 720109 29 1) 32 E ¥ HE
3k 2010 ZALS] 7-9(Table 9), ‘T 2’9} T2 2
HrolLE] S7kA] AR A4 ATFR HTE §-9]
SHA Aokow, ol A 7|20 S WoliE 7Y
SR A9 A7t Aot Wol & /1L HaEe
ol & 7] A, g, ol & 7| st

Days from bud breaking to flowering

5T 10

5—'15'1.. 10—*20'?., 15—+ 5T 20—'10“5.-

Treamem

Fig. 3. Influence of changing temperature after bud breaking on average days from bud breaking to flowering
in ‘Chukwang’ and ‘Tsugaru’ apple cultivars at 2009. The sampling time and arrange time in growth chamber
of bourse shoot was 13 March in 2009, and that was dormant stage. When the percentage of bourse shoot
that terminal bud was sprouted was over 50%, the bourse shoots was moved other growth chamber adjusted
to different air temperature. The vertical bars indicate standard errors of 3~6 bourse shoot replications.
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© 2 YolRE 3R] L0E dert itk
L & ZALol|A] ol JiS7A] 408 A7t 7}
Z AE Aeats ol & 722 25.0°CE A3
o 22 FE(25.0°C 2T 15.0°C — 25.0°C2] W&
T, 20.0°C — 25.0°Ce] H &, WoliE 7fE7ix]
285 d47F 9~14Y HEglom, NEhE ok4] X3l
| Al dol & 7|25 5.0°CE 24P A+t

o

-

=(5.0°C g2, 15.0°C — 5.0°C2e] ¥+, 10.0°C
— 5.0°C2] HE& 0} 5.0°C — 10.0°C o] H270]
CH(Table 9).

Apgo] ehHsHA BlE QS Ao FAYEE
20129 3¢ 13of| AFTE 6FF(-FAP, ‘F=, 27}
2,8, A, T Aeols #F5 HE ot
FE SR 8% d4=0] Zfol7} glglew, Hhof

Table 9. Influence of changing temperature after bud breaking on average days from bud breaking to first

bloom in three apple cultivars at 2010

Average days from bud breaking to flowering by changing temperature after

Air temperature

Cultivars’ before bud breaking bud breaking
—10.0°C* —5.0°C 0.0°C +5.0°C +10.0°C

5.0°C NTY NT - - 31
10.0°C NT - 56 36 20

Fuji 15.0°C - 44 25 31 12
20.0°C 52 25 20 12 NT
25.0°C 26 25 12 NT NT
5.0°C NT NT - - 27
10.0°C NT - 49 30 19

Hongro 15.0°C — 48 22 24 10
20.0°C 40 26 19 9 NT
25.0°C 25 24 9 NT NT
5.0°C NT NT - - 27
10.0°C NT - 37 31 16

Tsugaru 15.0°C - 53 24 22 14
20.0°C 52 28 22 12 NT
25.0°C 27 16 14 NT NT

ANOVAY

Cultivars (A) Hokk

Temperature before bud breaking (B) HoHk

Changing temperature after bud breaking (C) ok

A X B skskosk

B x C Hkok

A x C *3k

A x B xC Hkok

* The sampling time of bourse shoot was 2 December in 2009, and that was stored at 5.0°C until 1 February
in 2010. Arranging time of bourse shoot in growth chamber was 1 February in 2010, and that was dormant

stage.
y NS, 5 s

Non significant or significant at P = 0.01, 0.001, respectively.

* When the percentage of bourse shoot that terminal bud was sprouted was over 50%, the bourse shoots was
moved other growth chamber adjusted to different air temperature.

" Means no treatment.
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A 7)o M= 7120 Eebdrs doltE ZigiA|
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