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Fruit Quality and Storability by Harvest Time at ‘Fuji’/M.9 Apple Orchard
Located in the Area with a High Air Temperature during the Fall Season
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Abstract. This study was conducted for three years (2007, 2009, and 2010) to investigate the changes in
fruit quality during maturation, and the quality and storage ability of fruits harvested at different times of
‘Fuji’ apple in Daegu region with a high air temperature during the fall season. Changes in apple fruit quality
during the maturation period were investigated from 120-135 days to 183-198 days after full bloom. In comparing
quality and storage ability of fruits harvested at different times, fruits harvested more than 180 days after
full bloom were used. During the maturation period, poor coloring was the problem for ‘Fuji’ apple in Daegu
region by the high air temperature about 20°C. In comparing quality of fruits harvested at different times,
the soluble solid contents and hunter a value were increased by the extended harvest time. Fruit weight
during harvest was not affected by different harvest time, while the fruit firmness and titratable acidity during
harvest were decreased critically when the freezing damage happened. Ethylene production, fruit firmness,
and titratable acidity during cold storage for twenty weeks did not differ according to the different harvest
time. Soluble solid contents of fruits harvested at 216 days after full bloom in 2009 were similar at the
time of harvest and cold storage. For fruits harvested at 201 days after full bloom, soluble solid content
during cold storage was higher than during harvest time. However fruit firmness, soluble solid content, and
titratable acidity after cold storage of fruit harvested after freezing damage was lower than those of the fruit
harvested before freezing damage. The results show that the extended harvest time of ‘Fuji’ apples about
2-4 weeks from 180-200 days after full bloom in area with above-air temperature during fall season was
seemed to be beneficial to enhancing soluble solid contents and fruit red color, but harvesting after the middle
of November was dangerous because minimum air temperature began to fall under -3.0°C.

Additional key words: ethylene production, freezing damage, fruit red color, Malus domestica Borkh., soluble
solid contents
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Fig. 1. Maximum, average, and minimum air temperatures during the 2007 (A), 2009 (B), and 2010 (C) fall period at the ‘Fuji’/M.9

apple orchard in the Daegu region.
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Fig. 2. Changes in the fruit weight (A), soluble solid content (B), fruit red color (C), fruit firmness (D), titratable acidity (E), and
starch pattern index (F) of ‘Fuji’ apple at the Daegu region during fruit maturation period in 2009 and 2010. Full-blooming of
‘Fuji’ apple trees at the Daegu region in 2009 and 2010 was 11 April and 25 April, respectively. Starch pattern index value
0-6 with 0 = immaturity. The vertical bars in the fruit weight (A), fruit red color (C), fruit firmness (D), and starch pattern index
(F) indicate standard errors of ten fruit replications. Soluble solid content (B) and titratable acidity (E) indicate standard errors
of three juice replications. Ten fruit samples were collected weekly from the outer canopy at 1.3 to 1.5 m height.
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Table 1. Fruit quality of ‘Fuji’ apple from different harvest time in the Daegu region in 2007, 2009, and 2010.

Harvest time* Fruit weight Firmness e Titratable acidity  Fruit red color
Days after full bloom Date (9) (kg/@8 mm) (°Brix) (%) (Hunter a)
In 2007"

188 20 October 363.1 a" 3.0 a 133 a 0.32 a 113 ¢
198 30 October 357.0 a 29 ab 13.7 a 0.30 ab 139 b
208 9 November 355.3 a 29 ab 14.2 a 0.31 a 16.7 a
218 19 November 375.6 a 26 ¢ 139 a 0.28 b 16.2 a
228 29 November 3443 a 2.7 bc 13.7 a 0.27 b 16.2 a
In 2009"

201 29 October 376.4 a" 32 a 145 b 0.38 a 123 b
216 13 November 3733 a 33 a 15.7 a 0.32 b 151 a
232 29 November 370.6 a 3.2 a 159 a 0.30 b 16.6 a
In 2010Y

183 25 October 303.4 a" 34 a 13.5d 0.37 a 133 ¢
188 30 October 3013 a 34 a 138 ¢ 0.38 a 158 b
195 6 November 300.6 a 34 a 143 b 0.38 a 17.2 ab
202 13 November 2925 a 32 b 14.7 a 0.39 a 184 a

“Full-blooming of ‘Fuji' apple trees in the Daegu region in 2007, 2009, and 2010 was 15 April, 11 April, and 25 April, respectively.
Freezing damage was happened on 218 days after full bloom (19 November) in 2007 by the air temperature was fall at -4.1°C.
’In 2007, ten trees were selected for this experiment, fifteen fruits were sampled weekly from each tree beginning on 20 October
and ending on 29 November; In 2009, five trees were harvested in each time; In 2010, after twenty trees were selected for
this experiment, twenty fruits were sampled weekly from each tree beginning on 25 October and ending on 13 November.
*Means followed by the same letter are not significantly different using Duncan’s multiple range test, P < 0.05.

ab7l % 2322 15.9°Brixz W & 21623} 2ol 7t 919
o}, AF §HFS ol 32019 0.38%0] oLt Tl B 2162
013 0.30-0.32%2 74 ch ZAEE e Hunter
a 3 W) 2019 12.30)4 23 F(RPH £ 216Y)0ll=
1512, W & 23298 16602 ol o} wbf & 216
U o]e2= FAH K4 §lgick(Table 1).

20109 FAo] ALl wh 3 1952714 3.4kg/@8mm
2 S8R gl & 2029 0] 3.2kg/@8mmE TFAE Q)
o 7 1EE e SEATIE dESE %E—Eié}
A F74Ee A% e, W & 1959 o]
14.0°Brix2 7] AJzshol, ubf 3 2020 14.7 anw
A otk AF FEFS 0.37-0.39%E F28HA7]of w2 A}
o7} YepA] okoktt. M= =8A7|7F ARESE §
OJ8lA| EobAlth(Table 1).

A 7)o whE HAFA | 9lef, Choi(1998)= 19901
I A oA = A 717 ZoldeE T 9 B
o} 7HeA 1P E FEFo] AHAl EoAE A HolA
gk, 109 254 (RHH $- 177-187) ol AE A2l 2HA 9] 1|
EH Aﬂx]-jq. 7]..&/\4 135 6]—3]: Zx]o] Q—ﬂg]cﬂotq zL}\H
109 30T & 182-192¢)) o] & 2 zjol7} glich
stqich uhH o] Hwang et al.(1998) 119 704 4=

-
al

Kor. J, Hort, Sci, Technol, 31(4), August 2013

N,
091
n°1'
ot
A=)
Dy
=

o ﬂllﬂl

—
oft N
o
-

A=)
ifkad ki olN
il

ol ot O z2 o

I8
?
g
=
Q
=
> D
=t
=
rlo
_L
ol
_\‘_‘;l‘
N
opP
ox [lo

]_

P
b
HU
)
K3
N
N

A(-3.0°C9] W -8.0 CW}ZDJJ

oX, offl

e
>

<

fr & 5 ro K
>

o[-

2 off @ ot @ o
2o o off L%

T
o
=
N
E_,‘

oft filo
i,
=
ol
N

s
o
4 Moz
dob Iy oz

A E ¢ th(Table 1).

AR ge 487 Fol A 0 Aelrh eash 9
9] 1317} £X % =1|(Spencer and Titus, 1972), 49| &=
b -13°C ole7hA ol HAEE a0l o] 4
220l £27h 4LUA 2% F7H4) A4 HTHSecley and
Kammereck, 1977). =, &2 A3 oA 20092} 2010 o] =

A7t AESE 1A NFE A AN S}
5t Z(Table 1) T 2L W 5 199-21099] 11
Y S7H] 71&0] -1.0°CE "ol A FolFig. 1), 1149 F
7R AEF Qo] ol =o] H A = S H 7] fE

o|913L, 2007412] 4370 WE 7184 LYE Fhere)



)
i‘i
>
i

Lo
. X
0
i
- &
o T
x
50
— 3:3
o
L
3
5
o
o
offt
Y
,
:?g

9] W}Alo] 2.1kg/F8mmO. 2 7} Wokth(Table 2). A-24]
H IR TS W 2152 olF S

=
o
o
N

|
A1 £9] 13.5-14.1°Brix Xt} Tq—pﬂ Lror}, /\ﬂx] ]tg_ ]
A Bo] 718A] 1FE FEF(Table 2)& 4:3H1] 9] A}
(Table 1)&} Bl s, vh7l 3 188U E 208U 7HA] 4=
3t WAEY] ALAA B 78A] TFE SRS S H
t} H|$E AU ol gl o uhl B 218 o]
e Ropgth A4 39 AF TS 717 A

Table 2. Fruit quality after cold storage of ‘Fuji’ apples from different harvest time in the Daegu region in 2007.

Harvest time® Firmness’ Soluble solid content Titratable acidity
Days after full bloom Date (kg/@8 mm) (°Brix) (%)

188 20 October 2.8 a" 13.5 a 0.26 a

198 30 October 24 b 13.9 a 022 b
208 9 November 25b 141 a 0.20 b
218 19 November 21 c 123 b 0.19 ¢
228 29 November 24 b 119 b 021 b

“Full-blooming of ‘Fuiji’ apple trees at the Daegu region in 2007 was 15 April. Freezing damage was happened on 218 days after
full bloom (19 November) in 2007 by the air temperature was fall at -4.1°C.

YChecking date of fruit quality after cold storage was 29 January, 2008. The air temperature in the cold storage was 1-4°C.
*Means followed by the same letter are not significantly different using Duncan's multiple range test, P < 0.05.
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Fig. 3. Changes in ethylene production (A), soluble solid content (B), fruit firmness (C), and titratable acidity (D) of ‘Fuji’ apple
from different harvest time at the Daegu region in 2009. The air temperature in the cold storage was 1-2°C. The vertical bars
in the ethylene production (A) and fruit firmness (C) indicate standard errors from ten fruit replicates. The vertical bars in the
soluble solid contents (B) and titratable acidity (D) indicate standard errors from five juice replications.
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