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Abstract. This study was conducted to investigate the effect of time of hand-thinning on vegetative growth, bitter pit
incidence, fruit quality, and return bloom in ‘Gamhong’/M.9 apple trees. The time of hand-thinning were 3, 5, 7 and
9 weeks after full bloom, and the primary thinning (leaving only the king fruit on cluster) and secondary thinning
(adjusting crop load) were conducted at the same time. The time of hand-thinning was correlated to the vegetative
growth, average fruit wight, yield, soluble solids content, bitter pit incidence, and return bloom, negatively, and to the
yield of middle grade fruits (fruit weight was 250 —299g and none pit on fruit surface) per tree, calcium contents of
leaves, and fruit red color, positively. There was no significant effect of time of hand-thinning on fruit firmness,
titratable acidity, and total incomes per tree. In conclusion, if the time of hand-thinning of ‘Gamhong’/M.9 apple tree
was completed at 9 weeks after full bloom, it could produce about 300g of high-quality fruit without bitter pit.
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Table 1. Vegetative growth of ‘Gamhong’/M.9 apple tree affected by time of hand-thinning.

Time of hand-thinning Canopy volume increment TCA increment Shoot length
(Weeks after full bloom) (m3) (sz) (cm)

3 3.16 & 536 a 254 a

5 2.79 ab 4.62 ab 243 ab

7 1.84 be 3.96 ab 232 ab

9 1.63 ¢ 333 b 219 b

*Means followed by the same letter are not significantly different using Duncan's multiple range test, p < 0.05.
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Table 2. Leaf mineral contents of ‘Gamhong’/M.9 apple tree on 24 October as affected by time of hand-thinning.

Time of hand-thinning N P K Ca Mg

(Weeks after full bloom) (gke) (gke) (gkg) (gke) (gke)
3 194 a° 1.13 b 12.0 a 127 b 415 b
5 194 a 128 a 112 b 129 b 428 b
7 199 a 124 a 113 b 144 a 4.65 a
9 19.6 a 130 a 120 a 148 a 454 a

*Means followed by the same letter are not significantly different using Duncan's multiple range test, p < 0.05.
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AR 23} A]7]7] S0l 4 214 U 2 57 e
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Table 3. Fruit quality and bitter pit occurrence of ‘Gamhong’/M.9 apple tree affected by time of hand-thinning.

Time of

. Crop load per tree Fruit ) Firmness  Titratable Fruit red color Bitter pit

hand-thinning . Soluble solids .

B ; weight oo acidity (Hunter's a B N -
(Weeks after No. fruit  No. fruit / content (°Brix) Incidence Index

> y (® ™) (%) value)

full bloom) (ea) cm” TCA' (%) 0—4)
3 974 a* 2,65 a 319 a 17.1 a 64.1 a 0.31 a 137 b 57.1 a 1.37 a
5 96.6 a 273 a 305 b 170 a 64.6 a 031 a 144 b 52.7 ab 1.15 a
7 982 a 271 a 293 b 16.4 ab 64.1 a 029 a 17.1 ab 413 b 0.85 b
9 98.6 a 274 a 295 b 162 b 642 a 031 a 19.1 a 41.8 b 0.79 b

“Means followed by the same letter are not significantly different using Duncan's multiple range test, p < 0.05.

"The data of TCA was used that were checked on 20 April.
*Ratio of bitter pit fruits on total fruits per tree.

“Index of bitter pit occurrence : 0, none; 1, 1—35 pits on fruit surface; 2, 6—10 pits on fruit surface; 3, 11—20 pits on fruit surface; 4, over

21 pits on fiuit surface.

Table 4. Yield and gross income of different grade fruit per tree and return bloom on ‘Gamhong’/M.9 apple tree affected by time of hand-thinning.

Time of hand-thinning

Yield of different grade fruit per tree’ (kg)

Total gross income  Return bloom

(Weeks after full bloom) Special High Middle Low Total per tree” (W1,000) (%0)

3 1.6 a 70 a 44 ¢ 181 a 31.1 a 310 a 9.8 a
5 16 a 53 a 59 b 167 a 29.5 ab 288 a 87.1 ab
7 13a 67 a 75 a 133 b 288 b 297 a 820 b
9 16 a 68 a 75 a 130 b 291 b 302 a 716 ¢

*Means followed by the same letter are not significantly different using Duncan's multiple range test, p < 0.05.

*Special grade, fruit weight was over 375 g and none pit on fruit surface; high grade, fruit weight was 300—374 g and none pit on fruit surface;
middle grade : fruit weight was 214—299 g and none pit on fruit surface; low grade, fruit weight was below 214 g and over 1 bitter pit on
fruit surface.

*Means calculated yield of different grade fruit x each price per kg of 4 grade fruit [2016 : 1,700 won (special), 1,600 won (high), 1,000 won
(middle), 700 won (low)].
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FoAdo] HAsHA] e ) o] AAFES e Aol
Z}7F1.3— 1.6kg, 5.3 — 7.0kg H==2, 23} A]7]of W 2}o]
7F ATk 2 S M (o] 214 - 299g oA AL
ZAo] MPASHA] 952 TH) O] AlAIREL BY 75 9197 4
It50] 22 7.5kg R, YR &35 9 55 At 50
4.4—5.9kg thH] 27— 70% A% 2718190, sl TR TS
o] 214g Bk 3-8 15 o] WA T o] A4S i)
2N 75 D97 AH50]13.0— 13.3kg Fe =, T
533 9 53 ALE9] 16.7 — 18.1kg thH] 20.2—29.2%
A% 2SIl L 31 SRS A3} 2]7]7} S0
A% el 45 Uehiolzn), vl 375 205 4
S0 L 1) SR 08 8 — 29, 1kg O & Y] &
33 A7) 31.1kg B 6.5 — 7.4% A= 7HAE gk 22
U A=Y U 2492288 - 310 o= A}
Al71of whg 2ol 7t glSlTh o5l Zeke-E A} A7 17t =
olFrE FRsH daEsler, Wl 3 35 Aol
90.8% tiH]| TH7f & 75 A= 7.8% =, T 95+ 4
TLE 19.2% A= 7HA51TH Table 4).
WA 0.2 A A)717} 0% L 7
AFEA 152300g o]A0] that AlAko] s Ao o
A 9lti(Henriod 5, 2011; Johnson, 1994; Koike %, 2003;
Link, 2000; Szot@} Basak, 2006). 2 A| & ol A= 27} A]7]7}
S ogm U 31 SAlAgo] BolS AT AHEAol
S35 A TH0) RS Zfol7} Glgick Table 4).
A HOA] SEEAL I o B T HEA0) 3 2
2 851917] WO 2(Kweon 5, 2019), 20161 102 3
U7 A E7IFER Aol A T2 10kg AFA} U] THa4
Bt 1) = F7FA o] AT =T, 257400g) &] 75

4 S

;

Hir
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o]
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kg 1,7009, 303K3332)2 1,6009), 402H250g)-S 1,000
lo|Qlck. Eolat 4 257H400g)9} 303K(333g) o] ke T
71 20] 771900 2), 700911 A7} 712 Ik, o5
TAEL A -2 A e sl 7 Al s kA g7 | o
ol Tf7FA o] ReIH A o= = ltHJoongAng fruit
and vegetable approval database, 2016).

APTRERS) 242918 L Thle] Alo] B 2
7}=l=d(Cho&} Yoon, 2006; Yang 5, 2009), = A& of| 4]
= A7} A)7)7} S0l 48 T Algo] E gl gl
275t A2l F 2592) oI} Glglek Table 4). o
= T Y FEA 7IAE A e SR 350g
o)/Fe] Aol A AsHA ' AEsHH(Seo <55 2007), ALF570]
Sl THo] BEE L & 24910 FHasiths BT
(Kweon 5, 2019)2 u 0] wof, X3} A]7]7} 0] 44 11
T35l fls S Al AAkRFo] 7= 97 TR o= A8
Z¥=) It Table 4).

AR Ak Al7]7} o] o] 54 Ajskgo] 74
3(Byers 2} Cabaugh, 2002; Tromp, 2000; Merland, 2009).
= Al A A3 A7)7F ol F a5 o] 53l ZfEkEo] Aas
o, Tl 7558 f{-2l51A A E| Ik Table 4). ©|
= AR SR (spur) Q) ZiSR-E(flower induction)+=
17} 53 — 62o]| MG B (Forshey @} Elfving, 1989), 2
HALE A el 8] 685 Alolof Hais
ul Ao} SR=d(Byers, 2003), 54" 2] 9 13} Mk v
F28U(TY 459, 23} AHe ) F 60 (e 5 95)
ool AAJsfiof o] 53l THEkEo] 40% o)/de] E o o] Esfel
% 300g o40] FHAIE QPHOR A 4 Gleke B
(Koike 5, 2003)2} S-AFFTE 2Lt Kweon 5(2019)-2
2 o) ol 8l hEH& o] 50% olsha vob Aol
PRIl 3F1=T, 2 Al oA JI7) £ 95 Aatof o=
3l HHo&-E 70% ol4F0 #(Table 4), 2 2Ale] WIS}
o Ao 2RIt B AFI W 397 Hzhpol
o] 53l 7HEHE0] 70% o/do| H Z(Table 4)2 RE7| $95=
Aol Az 7ol o Al(Table 1) = A] = f 3 2H7 0]
Fol gl o= A7FE gk, Yoon £(2005)& 4124
Apo] Pag4= o] 55 o] Z7beIcka sl

ool AutE FRel i, oA g o] Tl 7bAS
2ol o8] AR L AR S kg ek
A 22} 2491 9 whpelshad sk el gl 2.4
HoHE FEe 7 $RAE Bt g o) 21e 4
3} 4717} k4% 300g o)) THIS AR 4 15w
7h8/d 1= o B o5l MEkeE SRIAE 4 it
(Tables 3 and 4). 18| A1 IR ul2a]d=2 300g o]
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2 450] 431 HAslo] 7o iRl 422 o st o
QJtKTables 3 and 4). 23] Hu}=S Wl & 7— 9362
sl ol mE]ahH oA W Zs o] SR1EHA A%
A o] A AL A7 P E| QLo T, T T AR
9l Tale] 2ha] G} FAIERE 4o] Ik Tables 1,
2,and 3). £k 17} 7~ 9%0] S vhelspe o5
Nefeo] 7 & 55 o of| e Sl Ao Ak 6}
Ak A A 4o] WAE A AZks} Al QIoleh Table
4). wEbA, ST 559 739 ik A3ARS: flel AE U F
whRjshe ARk ARV S Alsh] dolmels s
APPSO S B0 R 25 Ml ub) 95
A2 A7 Ho] $& AL BeElody,

5 2
AR FFEM.9 ARLtRe] Q12 Ak 4717} Sy
A, A, THAEA W ol 53 Ashael vl A ke %
AFsEIA} ATl E. Q18] Ak A7) Bl 3, 5,7, 959
on, 13} AaiFAlatet w7l Aahe 23} AuE: %
2§15 ATh = Al o] ol AT o2 #at A7 ek
AR, B T AR 718 TR A A
£ Ul o 53] HBHE T o] A E Th o L 3
F THI(IHEo) 214 209g0] A IFZAo] YA o
© 31 o] AR, 9 U 245 T 9 THAI0) 28] ek
Ao) AR AR B0 A, A U g
242912 912 Ak A)7of) aES WA eloleh, ARA o,
ZFE ML ARIRLELO] 18] A3t vl 9] mhel o
B S EA] G 300g HES] TE TS AR 4 9]
oick

27h FA o] : TH 2,
o5l EHE: FUHA

Z4=%, Malus domestica Borkh.,
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