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Abstract treating year and blooming of the lower part in the
following year.

BACKGROUND: The vigorous shoot growth in upper part CONCLUSION: Applying 2.0% NAA to cut surface of

of apple tree canopy leads to poor fruit quality and flower pruned apple trunk at dormant was the most effective way

bud formation in lower part of canopy. So, this study was for stabilization of the tree vigor in upper part of the canopy

conducted to develop the proper control method about the in a high density apple orchard.

shoot growth in upper part of apple tree canopy.

METHODS AND RESULTS: Trunks of 'Fuji'/M9 apple Key words: Blooming, Fruit red color, Naphthalene acetic

trees were cut (back pruned) to 2.5 m in tree height on 11 acid, Prohexadione-calcium, Shoot growth

February (dormant) or 12 April (full bloom). Naphthalene

acetic acid (NAA) was applied at 2.0% to cut surface when M B

trunk was pruned. Prohexadione-calcium (Pro-Ca) was

sprayed at 250 mg/L above 2.0 m in tree height at 23 April

(petal fall). The NAA or Pro-Ca application after trunk was

pruned at dormant (TR-2 and TR-3) significantly reduced

shoot growth in upper part of canopy compared with the

control (tree was only pruned at dormant, TR-1), but the

percent of shoots showing the secondary growth of TR-3

was higher over 2 times than that of TR-2. The reduction of

shoot growth in upper part of canopy by TR-2 and TR-3

increased the fruit red color from the lower part in the
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000 00,000 oooo 25 md 0000 OO OO
00 000, 0000 O000b oooo ooo oo o
0 0000 00 O 00000 0oooo ooo ooo
(Yang et al, 2009).

000 Ooo0O0OO0 oooO ooo booooo ooo
000 000 3.0~40 m 000 OO OOOO ODOOOO
(Yang et al, 2009; Wertheim, 2005), OOO0OO00O OO
OO0 OO0 0O000(vertical axis)d O0O0O0O(super
spindle)d 000 O O O0O0O(tall spindle)d 00000
(Robinson et al, 2006; Yang ef al, 2015). OO0O
Hampson 00(1997,2004)0 O O OOO0O 000 00O O
0 0000000 00000 oboooo booo, ooo
0000 0000 00000 000 000 0 oo oo
00 000 OO0 00 2~30 00O OO OO0 3.0~36 m
0 000 O 000 0000 0o ooo oo ooo o
00 000 0000, 00 0 00 00 0o OoOOo oo
00 OO0 00000 b0 U0 0 Oooo booo oo
0 000 0000 000 0000 O 00@Kim et al,
1998a; Kim and Park, 2010)0 O0O.

00000 O0O0000 000 oooooOo ooo o
0O,00000 DOoooOo0O 0Ob 00 bbb ooo oo
00 00 00 000 0000 O0ooooo oo ooo
000 000 000 000 0000 000 ooo, oo
0 00 000 00000 0000 000 0o oo ooo
0000 0000 000 00 00 0000 ooo oo
o000 000 Ooobo booo oo Ooob ooob o
000 0DO0000 00000Kim and Park, 2010). OO
OO0 Ooo0o0O 0oob b0 U o0 oooo ooo bo
00 0000 oooO0o ooooo boo ooooo o
00 00 00,00 00,00 00,000 OO 00 0
000 00 0000 boobO Oo00obo ooo oo, ooo
0000 0000 O Ooooo0 OO0 OO oo oooo
000 0000 OO0 00 00O00Kim et al, 1998a), O
000 000 00 00000 00 oooo oooo o
00 0000 000 00 000 00 00 oooo.

000 00000 O0O000O 00O 000 0 O00Xo
etal,1999), 000 OO0 0000 OO00OOO OOOO O
OO0 0000 0000 00b0bo0 00(im and Park,
2010; Yim, 20150 OO. OO0 0OOO OOO OO OO
OO0 OO0 OoobOooob booo ooo oo, obo
00000 00 OUO0OO COO0OO0OO0O00 Paclobutrazol
(PZL), Prohexadione-calcium (Pro-Ca), ethephon 0O
Naphthalene acetic acid (NAA) OO0 00O (Wetheim
and Webster, 2005). OO 0000000 NAAO
1.0~2.0% 000 OO0 0000 000 000 0000
ooooO0o 0O0Ghim et al, 1983) O 0O0OO0O0O
(gibberellic acid, GA) 000 0000 Pro-Cad 250
mg/L 000 10 0000 00000 00000 ooo
000 0O0(Millier, 2002)0 O0O.

ooo,0 000 000 oo booboo ‘oo7/Mo O
oooo 00 000 booo ooooo oo0o, 00 oo
oo@oo, oo0)o 00000 0oobooo NAAO
Pro-Call OO 00000 OOO O0OO0.

v

Az 2 x2S

0 000 00000 00 00000 0o 00 0ooo
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00 ’‘00’//M9 OO0O00 0000 0O0O000. 000
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2015).
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0 000 20 000 OO0 0000 ooo oo boo
ud og gooooo ooooo.

TR-2 000 20040 20 1100 TR-1 00O 0000
00 0 000 D00 0,00 20 gD NAADO 00O OO
00 00 0000 thiophanate-methyl (topsin-M, Kyung
nong Corp., Korea)d 00O, 0000 O 100 mLO OO
OO0 NAA 2.0% 00O0O0O 000 00 0000 5mL 0O
O0dd. NAA OO OO0 OO0 0O00oooo ooo 13~15
0 000 10~11C 000O0.

TR-3 000 20040 20 1100 TR-1 00O 0000
00 0O 000 000 0,000 000 5~10em OO O
0 0000 40 2300 Pro-Ca(Apogee®, BASF Corp.,
Canada)d 250 mg/L OO0 OO 00000 05L OO0
ooo. Pro-Ca 00 OO0 OO0 OO0O0O000 00O 10~11
0O ooo 15C oooa.
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TR-5 000 TR-4 000 0000 00 O 000 OO
0 00,00 00 0000 NAA 20% 0000 0000
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0 00 00000 0000 em’™ OOOOO.
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00 Oo00 oooo, 0000, 0000,00 OO0 O
Oo00o0o 0000 ooobo. 00 oo oo 20 O
0O 0000 00 OO0 oo0boO 00 20 000 oo
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000 D000 OO0OO0O(NR-3000, Minolta,, Japan)O
0000 000 000 0 00@oo, oboo)o oooo
Hunter’'s a 00O O00000. 000 OO0 OO0 OO

Table 1. Effects of cutting time of trunk and plant growth regulator application on vegetative growth of ‘Fuji'/M9 apple

trees in the treating year

Treatment” Tree TCA Total No. of Avg. 2nd
height increment shoot length  shoot shoot length shoot ratio®

No. Cutting time Plant growth regulator  (cm) (sz) (cm) (ea/tree) (cm) (%)

Upper part of canopy above 2.0 m in tree height
TR-1 11 Feb. None 361 a* 30 a 1,825 a 40 ab 45.6 a 17.6 ab
TR-2 11 Feb. NAA 2.0% 338 a 33 a 793 b 27 b 294 b 135 b
TR-3 11 Feb. Pro-Ca 250 mg/L 364 a 32 a 1,390 ab 47 a 29.6 ab 321 a
TR-4 12 Apr. None 360 a 44 a 1,726 a 40 ab 44.6 ab 29.6 ab
TR-5 12 Apr. NAA 2.0% 360 a 37 a 1,239 ab 30 ab 413 ab 25.1 ab

Lower part of canopy below 2.0 m in tree height
TR-1 11 Feb. None - - 3,205 a” 197 a 163 a -
TR-2 11 Feb. NAA 2.0% - - 3234 a 191 a 169 a -
TR-3 11 Feb. Pro-Ca 250 mg/L - - 3,209 a 198 a 162 a -
TR-4 12 Apr. None - - 3,323 a 196 a 170 a -
TR-5 12 Apr. NAA 2.0% - - 32210 a 194 a 165 a -

* Means followed by the same letter are not significantly different using Duncan's multiple range test, 7=0.05.
¥ Trunk were cut to 2.5 m in tree height on 11 February (dormant) or 12 April (full bloom). NAA pasting to cut surfaces
of trunk at the each cutting time. Pro-Ca spray above 2.0 m in tree height at petal fall (5~10 cm terminal shoot

growth).

* That was percent of shoots showing the secondary growth in the total shoots.
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Fig. 1. Schematic illustration of shoots in upper part of canopy above 2.0 m in tree height by cutting time of trunk and
plant growth regulator application of ‘Fuji'/M.9 apple trees in the treating year. Total shoot growth per branch location

in tree height was average value of 5 trees.

00 000 00 0000 000 0 110 mm 0000
(Advantec, Toyo Roshi Kaisha Ltd., Japan)d 00O OO
0000(PR-100, Atago, Japan)d O0O000O0. O 00O
00 5mL0O 000 20 mLO 000 O 0.1 N NaOHO
0000 pH 810 OO0 OO0 0000 Kang et al(2013)
0 000 00 b0o000 0oooo.

X2l 2axtel MFE, ks, MYy # oHEE

00 200 0000 000(0050) 2000 00 OO0
00 D000 000 00 0 0000 00 000 000
00.00 200 0000 00 03000 00 0000
0000 000 0000 000 00,4000 000 000
0 0000 00000.

00 200 0000 O 00000 00 000 000
0 00 0000 0000 000 100000 1100 00
0 0Oooo.

xF

7djl_|. al k3,

=
X2| 1Axte] SLdE

00 1000 00 0 00 000 TCA OoOoOO oo
338~361 cm, 3.0~44 em’ 000, 00000 000 OO
0. o0oo oo oogo oooo, oogd, oo ooo
0 000 20 00O 0000 ©oooo 20 1100 00 O
ooo0O 000 0,00 000 NAAO OO0 TrR-2000
0 00 000.00 oog oooo, 0ggo o oo o
ood og 3,205~3,323 cm, 191~198U, 16.3~17.0 cm U
00, 00000 OO0 OO0O0(Table 1).

00 000 000 00 00 000 o000(Fg. 1),
oodd 000 0ooo ood TR-10 100 em OO OO

0 ooo 29 mb00 0000, 0000 000 OoOoo
00 NAAO 000 TR2 0000 23 mOO OO OO
O, 0000 000 bOO0O0 oooo Pro-Cal OOO
TR-3 0000 27 mO00 0O0O0. 00 00 0000 OO
O 000 TR4 0000 0000 OO0 0000 NAA
0O 000 TR-5 0000 100 cm OO OO0 OOO 25
m 00 00 0000,0 000 00 0000 TR-10 O
ood 21~23 m O00O0O0 500 cm OO OO0 OO0 O
00.00000 00 00 00@5SmO0 00 35mA0O
0000 00 0000 NAAO 000 TR20 TR-5000
0O 0000 TR-10 18% 000 00 O0OO0,0000 20
m 0000 00 00 00@S5S mOO00 OO0 0000
TR2 0000 0000 TR-10 56% 000 OO O0O0.
00 0000 0000 booobo Oooo oooo
(Fig. 2), 00 0OO0OO0 O0OOO TR-10 20 em OO OO
000 17% 0000 000 TR20 TR3 00000 OO
45%, 59% 000, TR-100 2~30 00 000, 40 cm O
OO0 000 OO0 000 TR-1O 47%0 0000 OOO
TR-20 TR-3 OOO0O00 00O 21%, 25% 000 0000
TR-10 00 00000. 00 00 TR40 TR-5 0000
020cm OO0 OO0 OO0 OO0 20%, 27% 00, 40 cm
ooo 00 Oooo0 00 4%, 40% 000 o000 TR-1
0 0 000 00O0(Fg. 2a). OO0 0000 0000 20
cm OO0 00 OO0 O 40 em OO OO OO0 OO
70~75% 00, 4~7% 000 000 000 (Fig. 2b).
00000 OOJAA, NAA, IBA 0)0 0DO0O0OOO
oooo ooo oooogoo, 0o ooo ooo ooo
O 0oooo0 0 oog 0oooo 0ooo 000 oooo o
uod, oooo oo oooo ogd ooo oooo
000 000 000000 OO0 DO(Chae et al, 2006;
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Fig. 2. Distribution of shoot length of upper part of canopy above 2,0 m (A) and lower part of canopy below 2.0 m (B)
in tree height by cutting time of trunk and plant growth regulator application of 'Fuji'/M.9 apple tree in the treating

year.

Byun ef al, 2014). 00000 OO IBAO 0.25% 00O
000 0000 OO0 DOOO0O00d(Yim, 2015), NAAO
1.0~2.0% 000 000 OOO0O OO0 OO0 ooOd
O 000 DO0O00Miller and Ware 1980; Shim ef al,
1983; Poniedzialek and Nosal, 1986)00 O00O. O OO O
O 000D 200 OD0O0O0O OO0 NAA 20%0 DOOO
TR2 0000 00 OO0 0000, 0 000 O 00 0
000 00 000 000 000 000 TR-1 00 OO0
57%, 33%, 37% 00 O0O0O0O00(Table 1), OO OO0 O
00 0000 O 40 eom OO0 OOO OO OO OO
TR-100 0000 00000(Fig. 1 and 2a).

Blanco Brafiall Jackson (1982)0 O 0OOO OOOO
NAAO 0000 0O0O0OO0 OO0 00O NAAO O0OOO
30 om0 OO0 OO0 OO0 OO0 O0O0O000 oo
O.0 00 00 NAAO 000 TR-20 TR-5 0O0O0O0O
000000 2025 m 00O 00000 OO0O OOO
TR-10 TR-4 000000 OO 00000, OO00O0OO0
TR-20 TR-5 00000 25~35 m 000 OO0O0O OO
TR-10 TR-4 000000 OO0 00O00(Fg. 1). 0 OO
OO0 OO0 00 O NAAODO OO0 0OOO0OO0OO 25~35 m
000 00000 NAAO O0OO0O OO OOOOO0O0 O
00 O@Fg HO 0000 00O DO0OO 0000 O
00 OO0 00000, 0000 Oood OO0 oooo
0000 000 000000 00 0 o0oo0o0d ooEim
et al, 19950 OO0 00O, TR20 TR-5 00000
25~35m 000 0000 00000 NAAO OO0O 25
m 0000 000 0000 OO0 000 00 000 0o
ooo.

Pro-Cal O0OO0O0O O0OO0O GAxUD OO0 OO0 O
0O GAOO 00000 00000 000000 (Rademacher,
1995; Evans et al, 1997; Schupp et al, 2003), Sagong
00140 OO0 OO ‘00/M9 OO 0OO0OO0O 250

mg/L 000 000 00000 00 000 00 000
0O 00 40 00O 0O0OOO OO0 OO0O0 OoOooooo o
O0.0 00000 Pro-Cal OOO TR3 OOO0O OO
000 00 0000 TR2 0000 0000 OOoOoOo
O, 00000 0000 TR-100 70 OO0 O OO TR-3
0000 0000 00 000 TR2 00000 00O OO
OO(Table 1). O OO0O0O TR-3 0000 OO0 OOO O
0000 00 000 O(Table 1H)O 00000 Pro-Call
0000 00 40000 0000 OO OO0 OO0 oo
000, 00 40 000 GaA OO0 00000 OoOooo
000 20 OO0 0OO0OO OOO0OO0 OO0(Winkler,
1997, Basak and Rademacher, 2000; Elfving ef al,
2002; Medjdoub ef al, 2004; Yoon and Sagong, 2005;
Sagong et al, 2014) 0 TR-3 0000 OO0 OO0 00O
20 00 0000 00 000 20em OO OOOOCO O
00 O OO0 000 O0O(Table 1, Fig. 2a)0 000 OO,
Pro-Call 00O OO OO0 OO0 O OO0 O0OO0OO OOO
0O 00 000 Pro-Cal OODDOO OO O OOO OO
00000 oooo ooood.

00000 00000 ooo0doo ood ooo oo
00 000 000 000 DOO0@Kim and Park, 2010;
Yim, 2015). 000 Ko 0(1999)0 0OOOO OO OO0
000 0000 OO 00 00@Oo Oooo e0 0O0)o O
00 000 00 0O oowo Ooo oo)oo oood,
00000 00O 60 000 OOO0O0 ODoOOoO@oo
00 000 00 000 00 0000 20 00)o ooo
O 0000 00 000 O0oo0 00 0o ooo ood.
0O 00 00 0000 OO0 000 TR-4 0000 OO0
000 0ooo, 000 20 00 Oooo, 000 oooo
00 0 00 000 40 cm 000 OO0 OOO OOOO
TR-10 000 OO00O(Table 1; Figs. 1 and 2a).
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Table 2. Effects of cutting time of trunk and plant growth regulator application on fruit quality of ‘Fuji'/M9 apple trees

in the treating year

Treatment” Fruit weight Soluble solid Titratable ~ Hunter's
No.  Cutting time Plant growth regulator (® content (“Brix)  acidity (%)  a value
Upper part of canopy above 2.0 m in tree height
TR-1 11 Feb. None 363 a” 154 a 033 a 194 a
TR-2 11 Feb. NAA 2.0% 357 a 152 a 0.36 a 20.7 a
TR-3 11 Feb. Pro-Ca 250 mg/L 362 a 152 a 035 a 214 a
TR-4 12 Apr. None 354 a 152 a 035 a 189 a
TR-5 12 Apr. NAA 2.0% 369 a 149 a 035 a 192 a
Lower part of canopy below 2.0 m in tree height
TR-1 11 Feb. None 348 a“ 141 a 0.31 a 148 b
TR-2 11 Feb. NAA 2.0% 349 a 144 a 034 a 164 a
TR-3 11 Feb. Pro-Ca 250 mg/L 345 a 144 a 032 a 16.1 a
TR-4 12 Apr. None 343 a 141 a 0.32 a 151 b
TR-5 12 Apr. NAA 2.0% 355 a 14.0 a 032 a 148 b

” Means followed by the same letter are not significantly different using Duncan's multiple range test, 7=0.05.
¥ Trunk were cut to 2.5 m in tree height on 11 February (dormant) or 12 April (full bloom). NAA pasting to cut surfaces
of trunk at the each cutting time. Pro-Ca spray above 2.0 m in tree height at petal fall (5~10 cm terminal shoot growth).

el 19xte| AaZH

00000 00000 00 000 000 354~369 g,
000 000 OO0 149~154 °Brix, O 000 0.33~
0.36%, 0000 189~214 Hunter's a 0 OO0, OO 0O
000 343~355 g, 14.0~14.4 °Brix, 0.31~0.34%, 14.8~
164 Hunter's a 000 OO0 OOO0OO OO OOOO O
odob0O bo0oobo boo oobo. 0o ooooodo oo
00 TR-20 TR-3 0000 16.1~16.4 Hunter's a 0 00O
O O 00000 14.8~15.1 Hunter's a 000 OO0O0O
OO0 (Table 2).

goood booob Oob oobbo obooo g o
00 000 00O Oobobo ooobob oo ooodoo o
00 (Callesen, 1993; Wagenmakers and Callesen, 1995;
Yang et al, 2009, 2015), 00000 00000 OO0 O
0000 00 00000 0000(Jung and Choi, 2010),
goobd 0bodb ooobo Ooobo Oooo gooo d
00 000 000 O00(Yoon et al, 2005; Sagong et al.,
2014). OO0 O O0O0O0O0O OO 0000 OO000 O 0O
00 000 0000 bOo0o0oo TR-20 TR-3 00000
00 000 0000 O 00000 OO0 0o0ooo ooo
0O 0000 00 000 00000 OO0 O0O0(Tables
1 and 2; Fig. 2a).

0 o0ood boodo oo bbodg obodo bog o
OO0 O(Table 2)0 OO0 OO0 OOOODO OO O OO
000 00 30% 000 000 000 (Corelli Grappadelli,
2003), OO0 OO0 DOO OO0 OO O OoOogd
70%, 0000 60% 00, 000 50% 000 OO0 O OO0
0000 0000 DO (Barritt et al, 1987; Tustin ef al,

1988; Rom, 1991) 0 OO0O0O O OO0 25 md OO0
ooooo ‘00’//Me 00000 1000 000 35 m O
0000, 00 00000 700 000000 1.8 m OO
0 00000 70% 00000 O00(Yang ef al, 2009)0
000 00,00 00000 00 000 o0oo0od 70%
00 000 0000 ooooo.

00,0 0000 OO0 000 0000 oo ooo o
O(Table 1; Fig. 2a), 00 OOO0O0O0O OO OO 0O0O0OO
00000 000 000 0000 TR20 TR-3 O00O0O0O
000 000 00000 0000 oooo ooo o o
00 000 000 000 00 00000 Uoo ooao
(Table 2). 00 OO0O0O O0O0O0OO OOOOO OOOOO
000 000 000 000 0Doooooo ooo ooo
0O 000 0 0000 O0(Yang ef al, 2009; Sagong
and Yoon, 2015) 0 OO0 000 OOOC O0OO OO0OO
0 000 00 000 00000 00000 o ooo a
000 OO0Marini ef al, 2002)0 000 OO, 0 OOO
0 0000 00 O,0000 U0 0 000 OOOo oo
0 000 000 00 0000 00 0O,0000 oooo
00000 0000 00000 oooo ooooo.

x2| 2dxte] MY, JHatE, MEYE A AASE

TR-2, TR-3, TR-4, TR-5 00000 000(20050) O
0 000 000000 0000 TR0 0000 00 O
00 00000, 00 200 TR2 0000 000000
510 g 000, TR-1 0000 970 g OO 48% 00 00O
00, TR4 0000 1420 g 000, TR-1 000 OO
46% 00 000 00000. 00 200 00 0,0000
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Table 3. Effects of cutting time of trunk and plant growth regulator application on pruning weight and shoot growth

of ‘Fuji'/M9 apple trees in the following year

Treatment”

Pruning weight Total shoot length No. of shoot Avg. shoot length

No. Cutting time Plant growth regulator (g/tree) (cm) (ea / tree) (cm)
Upper part of canopy above 2.0 m in tree height
TR-1 11 Feb. None 970 abc” 1,342 a 44 a 305 a
TR-2 11 Feb. NAA 2.0% 510 c 1,366 a 4 a 311 a
TR-3 11 Feb. Pro-Ca 250 mg/L 750 bc 1,323 a 45 a 294 a
TR-4 12 Apr. None 1,420 a 1,352 a 45 a 300 a
TR-5 12 Apr. NAA 2.0% 1,160 ab 1431 a 47 a 304 a
Lower part of canopy below 2.0 m in tree height
TR-1 11 Feb. None - 3,156 a” 178 a 17.7 a
TR-2 11 Feb. NAA 2.0% - 3,133 a 182 a 172 a
TR-3 11 Feb. Pro-Ca 250 mg/L - 3,136 a 185 a 16.9 a
TR-4 12 Apr. None - 3,151 a 187 a 16.8 a
TR-5 12 Apr. NAA 2.0% - 3,057 a 184 a 16.6 a

“Means followed by the same letter are not significantly different using Duncan's multiple range test, /2=0.05.
Y Trunk were cut to 2.5 m in tree height on 11 February (dormant) or 12 April (full bloom). NAA pasting to cut surfaces
of trunk at the each cutting time. Pro-Ca spray above 2.0 m in tree height at petal fall (5~10 cm terminal shoot growth).

Table 4. Effects of heading cutting time and plant growth regulator application on blooming and fruit quality of
‘Fuji'/M9 apple trees in the following year

Treatment”
- Blooming Fruit Soluble solid Titratable Hunter’s
No. Czrﬂlgg Plant growth regulator (%) weight (g) content (°Brix) acidity (%)  a value
Upper part of canopy above 2.0 m in tree height
TR-1 11 Feb. None 66.0 a* 412 a 144 a 034 a 19.2 a
TR-2 11 Feb. NAA 2.0% 76.0 a 401 a 14.3 a 035 a 19.0 a
TR-3 11 Feb. Pro-Ca 250 mg/L 59.1 a 413 a 144 a 0.35 a 194 a
TR-4 12 Apr. None 60.7 a 419 a 142 a 0.33 a 190 a
TR-5 12 Apr. NAA 2.0% 617 a 402 a 14.3 a 034 a 19.1 a
Lower part of canopy below 2.0 m in tree height
TR-1 11 Feb. None 483 b” 367 a 134 a 031 a 152 a
TR-2 11 Feb. NAA 2.0% 632 a 364 a 134 a 031 a 154 a
TR-3 11 Feb. Pro-Ca 250 mg/L 62.6 a 369 a 136 a 0.30 a 155 a
TR-4 12 Apr. None 529 ab 377 a 13.6 a 0.30 a 156 a
TR-5 12 Apr. NAA 2.0% 524 ab 373 a 13.3 a 031 a 153 a

* Means followed by the same letter are not significantly different using Duncan's multiple range test, P=0.05.
¥ Trunk were cut to 2.5 m in tree height on 11 February (dormant) or 12 April (full bloom). NAA pasting to cut surfaces
of trunk at the each cutting time. Pro-Ca spray above 2.0 m in tree height at petal fall (5~10 cm terminal shoot
growth).

0000, 0000 O 00 0000 00000 000 O
00 (Table 3).

00 200 0000 00,00 0000 00000 O
000 0D0D00 0000 000000 TR2 0000
76.0%0 00 000, TR-3 0000 59.1%0 00 000.

oo o0, 00 0000 00bob TrR20 TR-3 OOO0OO0O
62.6~632% 000 0000 0O OO 000, 0000
TR-10 48.3%0 00O OOO. 00 200 00 O,0000
od, 00 ooo oo,0 00 0 00 oog oooo

0 00O OO00(Table 4).
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00000 00000 0000 0 000 oo oo o
00 0000 0000 oO0@oo, oood 0)o ooo
O 000 000 O0(Yang ef al, 2009; Petri et al,
2011; Cline and Bakker, 2017). 0 OO OO OO 100
00 0000 00 0000 30 em OOO0O0O 40 cm O
00 OO0 OO0 000 20~25% 0000 TR-20 TR-3
00000 OO0 200 00 000 000000 O ooo
00 00O 00 O00O0O0. 000 TR40 TR-5 0O0O0O0O
00 100 0000 O 40 cm OO0 OOOC OO DOO
0000 TR-1 0000 0000 00000 o000 O
0200 00 0000 000000 TR-1 00000 OO
0000, TR20 TR-3 00000 OO 100 00O OO0
0000 00 000 00 0000000 oooo oo 2
00 000000 TR3 0000 TR2O00000 OO0 O
O00O(Tables 1 and 3; Fig. 2a). 00 TR-3, TR-4, TR-5
00000 OO 100 OO 0000 00 20 00 OO0
O TR-10 TR-2 00000 OO OO O0O(Table 1), OO
200 0000 O 000 20 000 0000 OO0 0ooo
oooo ooooo.

00,00000 000 0000 ooooo ooooo
00000 O0O00 O0O0OO OO0 OO0 ood(Yoon
et al, 2005), Corelli Grappadelli (2003)0 OO O OO
000 50% 000 00 000 0000 oOooo oo
O, Greene (1996)0 00000 60%0 OO0 OO0 OO
O (spur flowering)O 80% 000 OOODO OO00.0 O
0O 00 00 100 00 0000 O00O(Table 3)0 OO
000,00 200 00 0000 o000 OO0 100 oo
000 0000 00 000 O0(Table 1; Fig. 2a), OO
0000 00000 OO0 000 0o00 TR-20 TR-3
00000 OO0 200 00 000 0000 O Ooooo
O O000O(Table 4). OO0 OO 200 OO 0000 OO
00 00000 0000 oooO, ooooogd oo 10
O 00 000 000000 0000 TR-10O0 000 O
0000 TR-3, TR4, TR-5 0OOO0O0O OO 200 OO O
00 0000 TR-100 OO OOO0O(Tables 1, 3, and 4;
Fig. 2a). 00 OO0 OO 0O0OO0O 0000 0000 O
00 000 00 OO0 00000 00 0O 000 oooo
O(Greene, 1996), 00 O0O0OOO OO 10 OOODODOO
60000 600 OOOO(Yoon et al, 2005, Yoon and
Sagong, 2005), 00 0000 70000 O0O(Yim, 2015)
0O 000 00, TR-3, TR4, TR-5 00000 00O 200
00 000 000D 0000 TR-1O0O 00 0000 O
(Table 4)0 TR-3, TR-4, TR-5 00000 OO 100 OO
000 000 20 000 OO0 00 000 ooooo o
000 O00000(Table 1).

a2 g

o000 000 000 TR4 O TR-5 00000 OO0

oooo oooo@bo 20 oo)o oo, oo 10bo
00 000 00000 0000 TR-10 000 000. 0
oooo og 10g oo oooo ooodg oo ooo
00 000 000 OO00 0O OO0 OO0 000 NAA
20% 0000 000 TR20000, 000 000 001
00 00 0oooo oo 0O 0ooo oooo ooooo
U, oo 200 od oooo gooo ocodgdo ooo
oo0. 0,0 ooob ‘o0’/M9e 00000 OO OO0
00 00 0000 00 000 0o oooo O oo oo
000 NAA 20% 0000 OOO0OO0O 000 Oooooo.
0g, 0000 oo ooo 000 0 ooooo 5~10 ecm
OO0 000 000 Pro-Ca 250 mg/LO OO0 TR-3 00
O 000 20 000 00 TR2 00000 00 OoDOoo
oooo oo o000 Oooobo obooo, oo 100 oo
oooo oo ooo o ooo 0o0 oooo oo ooo
00 00 100 00 0000 000 o o0 200 oo
00 00obo 000 000 ooo TR2 000 oooo
0 oogoo.

Note

The authors declare no conflict of interest.

References

Barritt, B. H,, Rom, C. R,, Guelich, K. R,, Drake, S. R, &
Dilley, M. A. (1987). Canopy position and light effects
on spurs, leaf, and fruit characteristics of 'delicious'
apple. HortScience, 22(3), 402-405.

Basak, A., & Rademacher, W. (2000). Growth regulation of
pome and stone fruit trees by use of prohexadione-Ca.
Acta Horticulturae 514, 41-50.

Blanco Brana, A. & Jackson, J. E. (1982). Effects of
applying growth-regulating hormones following fruit

Effects of different types and

concentrations of auxin and GA4; and 6-benzylamino

tree pruning. L

purine on shoot emergence and wound healing of
apple trees. Journal of Horticultural Science, 57(1),
17-30.

Byun, J. Y., Yun, Y. ], Lee, I J,, & Kim, D. S. (2014). Plant
physiology. pp. 335-336, third ed., Hyangmoonsha
press, Korea.

Callesen, O. (1992). Influence of apple tree height on
yield and fruit quality. In V International Symposium
on Orchard and Plantation Systems 349, 111-116.

Chae, J. C, Park, S. ], Kang, B. H., & Kim, S. H. (2006).
General crop cultivation. pp. 343-344, third ed.
Hyangmoonsha press, Korea.

Cline, J. A., & Bakker, C. ]. (2016). Prohexadione-calcium,
ethephon, trinexapac-ethyl, and maleic hydrazide



Fruit Quality and Return Bloom of 'Fuji'/M.9 as affected by the Growth Control in Upper Part of Canopy 95

reduce extension shoot growth of apple. Canadian
Journal of Plant Science, 97(3), 457-465.

Corelli Grappadelli, L. (2003). Light relations. Apples;
botany, production and uses. (eds. Ferree, D. C,
Warrington, 1. J.), pp. 209-210. CABI Publishing,
Cambridge, MA, USA.

Elfving, D. C., Sugar, D., & Faubion, D. (2002). Pear tree
shoot growth patterns in relation to chemical control of
vegetative growth with prohexadione-calcium (Apogee
®). Acta Horticulturae 596, 711-716.

Evans, R. R, Evans, J. R, & Rademacher, W. (1997).
Prohexadionecalcium for suppression of vegetative
growth in eastern apples. Acta Horticulturae 451,
663-666.

Greene, D. W. (1996). Flower development. Tree fruit
physiology : growth and development. (eds. Maib, K.
M, Andrews, P. K, Lang, G. A, Mullinix, K), pp.
93-95. Good Fruit Grower publishers, Washington.
USA.

Hampson, C. R, Kappel, F., Quamme, H. A., & Brounlee,
R T. (1997). Varying density with constant rectangularity
: Effects on apple tree performance and yield in three
training systems. Acta Horticulturae 451, 437-442.

Hampson, C. R, Quamme, H. A., Kappel, F., & Brownlee,
R T. (2004). Varying density with constant rectangularity
: 1. Effects on apple tree growth and light interception
in three training systems over ten years. HortScience,
39(3), 507-511.

Jung, S. K, & Choi, H S. (2010). Light penetration,
growth, and fruit productivity in 'Fuji' apple trees
trained to four growing systems. Scientia Horticulturae,
125(4), 672-678.

Kang, S. B., Song, Y. Y., Park, M. Y., & Kweon, H. J.
(2013). Effect of red and far-red LEDs on the fruit
quality of 'Hongro'/M.26 Apple. Korean Journal of
Environmental Agriculture, 32(1), 42-47.

Kim, J. G., & Park, J. K. (2010). Composition of tree form.
Luxury strategy of apple. (ed. Yim, Y. J.), pp. 148-158,
Semyung press, Suwon, Korea.

Kim, ]J. H, Kim, J. C, Ko, K. C, Kim, K. R, & Lee, J. C.
(1998a). Special pomology, pp. 50-157, forth ed.
Hyangmoonsha press, Korea.

Kim, ]J. H, Kim, J. C,, Ko, K. C, Kim, K R, & Lee, J. C.
(1998b). Pomology general, pp. 136-137, forth ed.
Hyangmoonsha press, Korea.

Kim, K W., Baek, K Y., Cheong, S. T., & Cheong, ]J. D.
(1995). Theory and application for agriculture of plant
growth regulator, p. 182, Yeungnam University press,
Korea.

Ko, K. C, Oh, S. D, Yim, Y. ], Yu, Y. S, Kang, S. M,
Kim, S K, Shin, Y. U. & Chung, K H. (1999).
Physiology in pruning fruit trees, pp. 113-116, first ed.
Seowon press, Korea.

Marini, R P., Barden, J. A, Cline, J. A, Perry, R L., &
Robinson, T. L. (2002). Effect of apple rootstocks on
average ‘Gala’ fruit weight at four locations after
adjusting for crop load. Journal of the American
Society for Horticultural Science, 127(5), 749-753.

Medjdoub, R., Val, J., & Blanco, A. (2004). Prohexadione
-Ca inhibits vegetative growth of ‘Smoothee Golden
Delicious’ apple trees. Scientia Horticulturae, 101(3),
243-253.

Miller, S. S., & Ware, G. O. (1980). Naphtaleneacetic acid
as sprout inhibitor on pruning cuts and scaffold limbs
Delicious apple trees. HortScience, 15(6), 745-747.

Miller, S. S. (2002) Prohexadione-calcium controls
vegetative shoot growth in apple. Journal of Tree Fruit
Production, 3(1), 11-28.

Petri, J. L., Berenhauser-Leite, G., Hawerroth, F. J., &
Basso, C. (2011). Reduction of shoot growth and winter
pruning in apple trees treated with prohexadione
calcium. Acta Horticulturae 903, 873-877.

Poniedzialek, W., & Nosal, K. (1986). Effect of NAA
application after the pruning of apple trees on the
growth of shoots and the quality of fruit. Acta
Horticulturae, 179, 273-274.

Rademacher, W. (1995). Growth retardants: Biochemical
features and applications in horticulture. Acta
Horticulturae, 394, 57-93.

Robinson, T. L., Hoying, S. A., & Reginato, G. H. (2006).
The tall spindle apple production system. New York
Fruit Quarterly, 14(2), 21-28.

Rom, C. R (1991). Light thresholds for apple tree canopy
growth and development. HortScience, 26(8), 989-992.

Sagong, D. H,, Song, Y. Y., Park, M. Y., Kweon, H. J.,
Kim, M. ], & Yoon, T. M. (2014). Photosynthesis,
shoot growth and fruit quality in 'Fuji'/M.9 mature
apple trees in response to prohexadione-calcium
treatments. Korean Journal of Horticultural Science &
Technology, 32(6), 762-770.

Sagong, D. H. & Yoon, T. M. (2015). Optimum crop
load in different planting densities of adult "Fuji'/M.9
apple tree for preventing biennial bearing and
stabilizing tree vigor. Korean Journal of Horticultural
Science & Technology, 33(1), 1-10.

Schupp, J. R, Robinson, T. L, Cowgil, W. P. ], &
Compton, J. M. (2003). Effect of water conditioner and
surfactants on vegetative growth control and fruit



96

Sagong et al.

cracking of 'Empire' apple caused by prohexadione
-calcium. HortScience, 36(6), 1205-1209.

Shim, K. K, Kim, S. B, & Kim, J. K. (1983). Effect of
NAA treatment on the water sprout and sucker
control of apple trees. Horticulture, Environment, &
Biotechnology, 24(1), 30-34.

Tustin, D. S, Hirst, P. M., & Warrington, 1. J. (1988).
Influence of orientation and position of fruiting
laterals on canopy light penetration, yield, and fruit
quality of Granny Smith apple. Journal of the American
Society for Horticultural Science, 113(5), 696-699.

Wagenmakers, P. S, & Callesen, O. (1995). Light distribution
in apple orchard systems in relation to production and
fruit quality. Journal of Horticultural Science, 70(6),
935-948.

Wertheim, S. J. (2005). Planting system and tree shape.
Fundamentals of temperate zone tree fruit production.
(eds. Tromp, ]., Webster, A. D., Wertheim, S. ].), pp.
198-199. Backhuys Publishers, Leiden, Netherlands.

Wertheim, S. J., & Webster, A. D. (2005). Manipulation of
growth and development by plant bioregulators.
Fundamentals of temperate zone tree fruit production.
(eds. Tromp, ]., Webster, A. D., Wertheim, S. ].), pp.
271-275. Backhuys Publishers, Leiden, Netherlands.

Winkler, V. W. (1997). Reduced risk concept for prohexadione
-calcium, a vegetative growth control plant growth
regulator in apples. Acta Horticulturae, 451, 667-671.

Yang, S. ], Park, M. Y., Song, Y. Y., Sagong, D. H., &
Yoon, T. M. (2009). Influence of tree height on
vegetative growth, productivity, and labour in slender
spindle of 'Fuji'/M.9 apple trees. Protected Horticulture
and Plant Factory, 18(4), 492-501.

Yang, S. J., Park, M. Y., Song, Y. Y., Sagong, D. H., &
Yoon, T. M. (2010). Evaluation of early productivity of
high density 'Fuji' apple orchards by planting
well-feathered trees/M.9 EMLA. Korean Journal of
Horticultural Science & Technology, 28(3), 374-380.

Yang, S. J., Sagong, D. H.,, Yoon, T. M,, Song, Y. Y., Park,
M Y, & Kweon, H ]. (2015). Vegetative growth,
productivity, and fruit quality in tall spindle of
'Fuji'/M.9 apple trees. Korean Journal of Horticultural
Science & Technology, 33(2), 155-165.

Yim, Y. J. (2015). Fruit science general. pp. 94, 146, and
165-166, first ed. Hyangmoonsha press, Korea.

Yoon, T. M., Park, H. Y., & Sagong, D. H. (2005). Effect
of root pruning on tree growth and fruit quality of
'Fuji'/M.9 apple trees. Korean Journal of Horticultural
Science & Technology, 23(3), 275-291.

Yoon, T. M., & Sagong, D. H. (2005). Growth control of
'Fuji' apple trees by use of prohexadione-calcium.
Korean Journal of Horticultural Science & Technology,
23(3), 269-274.



