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Abstract

In this study, to obtain basic information for developing new cultivation systems and shortening the term of breeding in apple,
we investigated the dormancy process and chill units (CU) required to break endodormancy of ‘Fuji’, ‘Orin’, ‘Jonathan’, ‘Ralls
Janet’, and ‘Rome Beauty’, which is used in a cultivation system to produce two crops per year by defoliation in Indonesia,
during two or three years. As a result, the CU required to break endodormancy of ‘Rome Beauty’, ‘Ralls Janet’, and ‘Jonathan’
were higher than that of other varieties. In contrast, ‘Orin’, which tends to flower unseasonably in Japan, required low CU. The
deepest period of endodormancy was longer in ‘Fuji’, ‘Jonathan’, and ‘Ralls Janet’ than in the other cultivars. The time to enter
the deepest period of endodormancy and duration of the break period of endodormancy in ‘Fuji’ were the same as in ‘Ralls
Janet’. The time to enter the deepest period of endodormancy was earlier and the duration of the break period of endodormancy
was longer in ‘Jonathan’ than in ‘Fuji’ and ‘Ralls Janet’. The time to enter of the deepest period of endodormancy was the latest
in ‘Rome Beauty’. The time to enter the deepest period of endodormancy in ‘Orin’ was comparable to that in ‘Rome Beauty’,
while ‘Rome Beauty’ had more than twice the duration of the deepest period of endodormancy than ‘Orin’. These results suggest
that cultivars with a low CU required to break endodormancy and short duration of the deepest period of endodormancy, such as
‘Orin’, and those which entered the deepest period of endodormancy late, such as ‘Orin’ and ‘Rome Beauty’, may be suitable
for a cultivation system that produces two crops per year by defoliation.
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Fig. 1. Chill unit (CU) accumulation patterns of 3 years from
September 1 to March 1 the following year at the experimental
site. The sampling date pointed is shown. CU accumulation
was calculated according to Guak * Neilsen (2013). When the
CU changed from decreasing to increasing, it was considered
as chill inception. These CU were recalculated and the CU of
chill inception become 0.
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Fig. 2. Maximum, minimum, and average daily temperature from
September 1 to March 1 the following year. The lines of
—2°C, 13°C, and 16°C show the contribution of chill units.
Chill units contributed 0 when the temperature was under
—2°C or over 13°C; and negative chill units contributed when
the temperature was over 16°C, which meant that positive
chill units contributed within a temperate range from —2°C to
13°C.
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Fig. 3. Time-course changes in budburst rates and mean time of budburst during autumn to winter of 5 apple varieties in 2 or 3 years.
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Table 1. The end date of each dormancy phase and the chill units required to break endodormancy.

Paradormancy Endodormancy Chill Units
Variety Years The release date” The release date  The release date  The release date ~ required to brea}<
of onset period”  of deepest period®  of break period™ endodormancy
Fuji 2012-2013 before 17-Oct 1-Nov 28-Nov 13-Dec 779
- () (15)
2014-2015 25-Sep 9-Oct 17-Dec 29-Dec 1,026
(14) (69) (12)
2016-2017 before 3-Oct 4-Nov 29-Nov 15-Dec 985
- (25) (16)
Average - 25-Oct 4-Dec 19-Dec 930
(47) 14)
Orin 2012-2013 not judged 14-Nov 28-Nov 13-Dec 779
- (14) 15)
2014-2015 22-Oct 21-Nov 5-Dec 29-Dec 1,026
(30) (14) 24)
2016-2017 18-Oct 4-Nov 16-Nov 29-Nov 689
(17) (12) (13)
Average - 13-Nov 26-Nov 13-Dec 831
- (13) 17)
Jonathan 2012-2013 before 17-Oct before 17-Oct 13-Dec 26-Dec 966
- (57+)" (13)
2014-2015 25-Sep 22-Oct 17-Dec 14-Jan 1,283
(27) (56) (28)
20162017 before 3-Oct 18-Oct 29-Nov 26-Dec 1,151
- (42) 27)
Average - 20-Oct 9-Dec 1-Jan 1,133
(27) (52) (23)
Ralls Janet 2012-2013 before 17-Oct 1-Nov 13-Dec 26-Dec 966
- (42) (13)
2014-2015 - - - - -
20162017 before 3-Oct 18-Oct 26-Dec 10-Jan 1,428
- (69) (15)
Average - 25-Oct 19-Dec 2-Jan 1,197
- (56) 14)
Rome Beauty 2012-2013 not judged 28-Nov 13-Dec 9-Jan 1,074
- (15) 27)
2014-2015 not judged 21-Nov 29-Dec 14-Jan 1,293
- (38) (16)
2016-2017 before 3-Oct 4-Nov 15-Dec 26-Dec 1,151
- 41) (11)
Average - 17-Nov 19-Dec 6-Jan 1,173
- 31 (18)

* The release date of paradormancy was defined as the sampling date just before the beginning of the onset period of endodormancy.

Y The release date of the onset period of endodormancy was defined as the sampling date just before the beginning of the deep period of
endodormancy.

X The release date of the deep period of endodormancy was defined as the sampling date just before the beginning of the break period of
endodormancy.

“'When the budburst rate was over 50% , it was defined as when the break period of endodormancy was released.

¥ CU accumulation from the chill inception until the release date of the break period of endodormancy was calculated according to Guak *
Neilsen (2013).

" Numbers in parentheses indicate the number of days in each dormancy stage.

' “57+ indicates that the number of days exceeds 57.
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EFARLUtha €7 ATLE, Vv T “F 7 OEFEKIRITH
W ABE AR R B BT 2 R0 B B 2 ~—4°C 0
BEINn T2 & TH5 (Guak * Neilsen, 2013). = Z
T, AR 2 EIREZ AR D 3T oM THR
KIREEAOE T T 5BF1 414 HE TD -2~-4°C DIFf
MAEBET 5 &, 20124, 201445 X V2016 - Tlx, =
NI 254 W5fa, 282 REfi]ds X OV 227 Rl TH -7z =D
X 5 B RIRIRITH T LB /e CURRE MR b %\ 2014 4F
T2~4COWfEH L <7 h, CURMEDFEREL %
2~ 4°C DI THBT A LILTE ot Vv T
D HRERIRITHICIE 6°C —& L » b BRI 14°C6°C DX
I D MR TH B A, BRI 17°C6°C 5 L Y
B 20°C 6°C 13 6°C — & X 0 L MHTH 5 = & o8
WHIR TS (Naor B, 2003). £7z, + v b Vg
TR % 5CCIifRE Lica, Bin25°C M X Tk
i 15°CALFX X b b IRIR T2 E e (L - B o,
2003). O X 5 EmAMERB R A FTHIE T 2T T <
27/, 2014), RREC X - QB MRIR TR 7 (et 3 %
CELEMEN TS, [ROHKESLHER LA
RIRFTHOZ LB e CU A OB ARG T & TH 5.
WORRITH G T AT, KIRBE 2 L C—&
T, LLABDOAERAT -2 > THELT S
(Parkes b, 2020). F iz, RIHMNFEUHHHETH £ MRS
IEAAFE U SRS e (JEES, 2018), FRINL 72
FRE DA RAZ IE I DE N MKRIR BRI B L 7c 2 L b E %
bhad, Ibic, HREKROEIGITHRHHE T TR <,
HARHIC b I b, AWRICE T, 2012F % X
082016 4 Tik 10 A 2 LA A B L7 s, FHABHAITI
R B RIRE A ABEIA L T e B a3 % <, = D)
HEETE oo de (BB1R). - T, BREKIRDEA
T B IR O E O MEEZE R RS S ooy, #L<
EL 9RO LRET 2NEND L. AR T, K
TREIC X D AR &M 7 o T, —ikie, WU
T H RO ERITFOR X D b £\ (Campoy b, 2011).
Lo L, BRI 2 i MK 2R i fUE 3 528D\
T, N4>+ v (Picea abies (L.) Karst.) Tl¥,
B L C L BREHEAIC X 5 A RKIRITHNC A & 7B e
W EDNIE I T B (Partanen B, 2021). U v IHK
D M.7 1L M.26, M.9 3 X O"MM.106 X v & HFKIRFTH I
BT CUFRREMEV (Webster, 1995). %72, BARDKE
FLREAMG - ST, FIROER IR &A1) 7085
A, BAROKEE R BRI e 0 BT B ATRE N B
% (Couvillon b, 1984). 4%, F—5HAK, F—Ek DM
MAPEEA L, Vv T ORIRFHEZFHET 2 0EL D 5.
R BB 3FEH O B FKRIRFTHC LB 7 CUBE
DOFEIE831CU TH v, flomfEL » $ 100~300CU
BE o7 GE1FR). 1, T oA\FBKRIRRE
W 272 0 Fa s o fo. ARIRZER DA o Ff il D (B3
ik, MEOSREEDIEE, KIRICAL RV, Tk

e RIRIZA % (Campoy B, 2011). “EMN 12&E RO
% Z LIS E, RREFELLT VI AL T
B, ZOWEIIE EHR OBRFKRIRNDEECZ EN
BARLTWB EEZBRS. 7RV, HIEKIEDOREN
DSt o R cdhing, AL X - THRKIRAZFTH S
BB ENTE S (Vergara * Pérez, 2010). Thb o &
b, ER KR ER M T D T, AFRICIRIE T
TORETH LT\ 50T < (Ruiz b, 2018), R
LR PRHIEC X o TIRIR 2 AW 2 8, BITEH & 2 FH
WCHIF T & 2062 B 5.

FLE, ‘EYE XL O Rome Beauty O HFEIKIRFTHEIZ
TR CUTHE OFHEY, ThEi1,133CU, 1,197CU &
LO173CUT, oL v b &7 Fi, FLE,
‘EDE % X O° Rome Beauty' @ HFEIKHCHEEO5E T Hix 1
AComfEL D b Bt GE15). Zhb ok,
Chb o3y, BREKRTEC XD % < OEERA Y
LT D EERL TV 5.

SU, FLE BLo EDE R RRREERE, W
FTHhLS0HBEDL Y, oML bR F13).
FoHhT LU BIO B AT S L, B oA
FRRRBE ST L0 00k o2, HFRIKIR
M OPHE A & AFRKRIREEMER CTh D, W
DRI 2 — il BE1R). FLE & ST B
O E X0 b ARRIRGE OB AT <, REEI
NE -7 (BB 132). ‘Rome Beauty' % H FRHR &% M
WA DR b s - 72 (12, M ©HFRIKIR
BRI A SR 4 Rome Beauty & IZIER U TH - 72
75, ‘Rome Beauty’ @ BRI QWKL EHK D2
LA ER <, Al O RIRFFE O AR Ch > 7 (B8
13%).

‘Rome Beauty’ 1%, £ v N3 <7 OEiic s~ CTE&HEH
RIRIA DFEEC X > TZHIfEE T2 (Janick, 1974; %5
5, 1981). AWBF9E T, & oSk %E T
HaBMIRT I LI1XTERD > 725, Rome Beauty' 1%
HAERIREA O T HANE L, 2% b B REKIRREIC
A BRI ED o 7 G 13R). BRRIRE AN, 3
%, BRESMESAHEL TUIUE, HAREVHFELRIEYT
BhH. TDX5E, HIEKRIREEIICA SR
PR EAFIH L ZWIfFICE LT 5 2 EAVRBE S .
- T, ‘Rome Beauty ¥ X 0% EW xHAKTHLM
TEMi% & I3E 2 2B o TR AR O RN T X WP
WARBIC 72 v Lt e\,

AR L HRc s W T, MERUARETE5 L
TEHENHFELTLHIE LT &5 (Janick, 1974), 1§
HEAFIH L ic IS Lo s o & LT, f3ER I
TEUEDTDICIEL TN D LS EETH L. FHRIKIRE
I A B RV & Lk, S3ELFIR L ifFic s
WCTTHERNA B 75 2 LN TE Bcd, (EFORFM
Mx Lo BT 30T, R L > CEBE R



330 Bl ZERR - DR - T - B

EEZbND. G, WS E ORIREEE & TEZFES LA
F—UOBREMIAT S Lk, FHERFM LW
R, XTo@LIcmEXYEETLIENTEDLLEEZD
nas.

HRIKIRDEARLE DS, HIKIRE 04 REE i
SR E T 5 (Malagi &, 2015; Mohamed, 2008).
ARKRIRIE O H, 27 H¥ X O A RKRIREEL O
SZTHEZHDSWT, ‘B BNThofEH CbEREE 5K
LNE ot GE1HE). LaL, FEX 112014 Ficiid
LTkbT, i, fllomiETix2014 40 HRKIROxK
IR X OVHERO5E T H 232012 453 X OF2016 4K X 0 %
‘ot CGE1FR). T, ZhboEENS, EX
DRI S 2 — v DNETEL T 5 LI T & i - 7.
CEAR A RARIRGERR oK EE M LN E L, S
U b AkEro7c GR1FER). T, HRBKRIRER
MOFEKRMEZEE, S U L B TR, KT
E KX RomeBeauty TAEhotc GE1FEK). o
L5 R D E A Z T KRB N e X ) #ie
BT ENbho T

KAWL TIE, Vv TSmO RIRBRS o iz, %
NOERTARBOFEL RTZENTER. T, KR
FR AV 7o < A SRR R G, 3 7l B SRR
RN A % IR 8B Rl DN R SE 2 I U fe 0 s
LTCWb 2 et 5%, HichFloIEsesd
FEAER 2 FfE 9 5 7o iy, W & & O SR IKIR I 0 58
T HE X OHRKIRGEHOBGR L EE LA T — oD
BRAMA L, Tnbicxhd KMo EL i+ 505
N5,

m =

AW TIE, Vv TR T HH L ER OB RCE S
FRooFME B9 2 M2 5 2 L2 B, Vv
‘SHSU, N, FE RIOEER LAV EFUTTH
I L 5 T HWIFCEH & T\ % ‘Rome Beauty 1I22\TC,
BRI 0B AR, ks X OVRES ORE 7o b O B
KT C LB e F L2 = » b (CU) BE A2 F 7201k
JFEMAA L. £O/RER, AFEKIRITHOCLE 72 CU
‘Rome Beauty’, ‘EDE XY FLE TEL, THETHR
RBATE Lo R Thedote. SU7, FLE BX
O EYE o BRKRIREEL, omfEL D bRy k.
EOE X SHU kRT3 EBKREEOMGH &
HRARREEMEZFRC TH -7 FLE X S0 Kk
O EDE X0 b BIIRIRERI OB AT <, RER 2
oz, Rome Beauty' 13 H FERARIR N A % REfI A IR
baED o, EN OB RRREEINC A K015 Rome
Beauty’ & (Z(Z[F U TH - 72y, ‘Rome Beauty O HFEIKIR
RO N D25 ERAr o Doz &
b, E 0 X5 IARIR R 2V e < B RS IRIR I R 2
U imfE, 7203 FA X0 ‘Rome Beauty O X 51 H

BRI « PUHRHE - Y

FERIR I G A % IR 2N B\~ SRl 2N 3 2 FI ) L 72—
TRl L T\ 5 2 & DRI Lt
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