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Development of Suitable Site for Growing, Technology for
Production of High Quality Fruit and Optimum Storage

System for Stable Production in Non-—astringent Persimmon
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SUMMARY

1. Title
Development of suitable site for growing, technology for production of
high quality fruit and optimum storage system for stable production in

non—astringent persimmon.

Il . Purpose and Importance of Reserch

In the present time, the cultivating area of persimmon is increasing against
that of other fruit trees, and non-astringent persimmon of horticultural industry
is not low as compared to apple, pear, grape, etc. But technology about
non-astringent persimmon in our country is not enough because the majority of
cultivars and technology was introduced from Japan. So that, this report was
conducted to develop suitable site for the growing, growing technology and

storage system for stable production of high quality fruit.

lll. The Contents and Scopes of Research
1. Development of suitable site for growing and making persimmon cultivars
criterion for bud mutation selection

1) For development of suitable site for growing of non-astringent persimmon,

- Presumption of character change by investigation of tree growth, fruit
characteristics, and climate factors (temperature, frost and freezing days etc.)
per region yearly.

- Examination (germination, EC, TTC) for f[reezing hardiness of shoot by

environment condition (temperature).
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2) For making of the persimmon criterion guidelines,
- Research of the persimmon criterion guidelines of National Horticultural
Research Institute (NHRI), International Union for the Protection of New

Varieties Plants (UPOV) etc.

3) For making of guide of non-astringent persimmon,

- Research of the accumulated data of relational research institution, scholarly
monograph, and technical book related with persimmon cultivars (PCNA!:
pollination constant non-astringent).

- Investigation on characteristics of fruit in holding persimmon cultivars

(PCNA) of Sweet Persimmon Research Institute.

2. Development of technology for high quality fruit by growing environment
and condition in non—astringent persimmon
1) Effect of environmental factor and condition, site of orchard, and method of

fertilizer application on fruit growing and quality

2) Effect of canopy environment (by pruning), soil moisture on fruit growing

and quality.

3) Effect of growing environment and method during storage of fruit.

3. Development of optimum MAP storage modeling and multiple system by
maturation period of fruit in non—astringent persimmon

1) Investigation of fruit respiration rate and characteristics by maturation
period.

2) Investigation of transmittance of oxygen, carbon dioxide and nitrogen by

packaging material and thickness.

_14_



IV. Result and Recommendation for Application

1. Development of suitabie site for growing and making persimmon
cultivars criterion for bud mutation selection

1) Selection of suitable area for growing per atmospheric phenomena of
limited area in non-astringent persimmon

Considering the mean air temperature, frost and freezing appearance days of
year, and the distribution chart of mean air temperature and minimum air
temperature of January, the possible area on growing of non-astringent
persimmon was estimated Seocheon, Boryeong, and the around to areas in
Chungnam, the low latitudes southern regions and eastern coast in Gyeongbuk,
Gunsan included coastal regions, partial regions except for Mt. Jiri in Jeonbuk, all
region except for Mt. Jiri in Jeonnam, all region except for Geochang, Goryeong,
and the around tow areas in Gyeongnam. The safety area on growing of
non-astringent persimmon was estimated Gwangju, Mokpo, and the around area

in Jeonnam, Busan, Masan, and the around area in Gyeongnam.

2) Investigation of bud mutation and making of persimmon cultivars
criterion for variety selection in non—astringent persimmon

In investigation bud mutation, there was discovered that estimated bud
mutation of ‘Fuyu’ orchard in Seocheon of Chungnam. The bud mutation cultivar
was eatlier about one week than 'Uenishiwase’ of the orchard in harvest season,
and sugar contents and L/D ratio of the fruit was higher, too. Coloring period of
the bud mutation cultivar was a short time by five days. 'Uenishiwase’ showed
many the green mottle of fruit but the bud mutation cultivar showed not it
entirely. Persimmon cultivars criterion was based on the persimmon criterion
guidelines of National Horticultural Research Institute (NHRI), International Union
for the Protection of New Varieties Plants (UPOV) etc. and was consisted of

characteristics of tree and branch, leaf, flower organ, fruit, seed and etc. These
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were divided into 10, 13, 10, 20, 3 and 7 items, respectively. The item was

estimated by 9 grade and compared with 'Fuyu’ and 'Jiro’.

3) A guide of non—astringent persimmon

Characteristics of non-astringent persimmon cultivars were based on data by
direct investigation, an accumulated data of relational research institution,
scholarly monograph, and technical book, etc. The cultivars for investigation have
been held in relational research institution. The explanation of cultivars was
consisted of selection reason, major fruit and cultural characteristics, and points
of attention on growing. And appended photograph and table of characteristics on

the fruit.

2. Development of technology for high quality fruit by growing
environment and condition in non—astringent persimmon

1) Fruit characteristics as affected by location of the orchards and
position within the tree canopy and correlations among the fruit
characteristics of ‘Fuyu’ persimmon

Fruit characteristics were investigated at different locations of the orchard and
position within the tree canopy and correlations among the fruit characteristics of
'Fuyu’ persimmon were analyzed, to establish better cultural practices for
producing quality fruits. The fruits were collected from 7 orchards at slop and
low lands in Changwon and Gimhae districts, respectively, and additionally
harvested inside and outside the tree canopy from 3 slop land orchards. Although
not significant, fruits from slop lands tended to mature earlier than from low
land. Fruits outside tree canopy were weighed heavier by 20% and colored better
than inside the canopy, but showed significantly lower firmness. Different

locations of the orchard and position within the tree canopy did not affect
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concentration of inorganic elements in fruits except for potassium which was
significantly higher in those inside the tree canopy. Percent fruit with softening
after low temperature storing for 96 days was only 1.1% inside the tree canopy
due to higher firmness, while 6.1% outside the canopy. Fruit size was positively
related to color (r = 0.63#*) and soluble solids (r = 0.56%). On the other hand,

color and soluble solids were negatively related to firmness.

2) Fruit characteristics as affected by different ages of lateral branches
in ‘Fuyu’ persimmon

Effect of different ages of lateral branches on fruit characteristics of 'Fuyu’
persimmon was assessed to estimate appropriate age for renewal of the branch.
When the branch age was less than 4-year old, weight, color, and soluble solids
of its fruits were better. Starch concentration of fruiting shoot was significantly
high in young branches less than 4-year old. These results suggested that

renewal of old lateral branches is very important to produce quality fruits.

3) Effect of different nitrogen application dates In autumn on fruit
characteristics and reserve accumulation of ‘Fuyu’ persimmon

Nitrogen (urea 500 g/tree) was applied to 8-year-old 'Fuyu’' persimmon trees
on Sept. 17 or Oct. 2, to estimate effect of the application date in autumn on
fruit characteristics and reserve accumulation in orchard where early frost
damage frequently occurred. Fruits of the trees applied on Sept. 17 showed lower
coloration, smaller size, and higher firmness than the control without nitrogen
application, indicating delayed maturing. Different application dates did not
significantly affect concentrations of nitrogen, carbohydrates, and nitrogenous
compounds in fruits of trees with nitrogen application. However, fruit softening
after low-temperature storage during 3 months was reduced in the trees applied

with nitrogen, regardless of the dates. Nitrogen, soluble sugars, and amino acids
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of leaves on Oct. 30 were highest in Sept. 17 application, followed by Oct. 2.
Nitrogen concentration of shoots collected on March 21 the following year were
081 and 0.78% in Sept. 17 and Oct. 2 application, respectively, exhibiting
significant difference compared with 0.66% of the control. Although concentrations
of soluble sugars and amino acids of shoots were higher, starch was significantly
lower in the trees applied with nitrogen than the control: starch was 10.9% in
the control while 9.5% in Sept. 17 or Oct. 2 nitrogen application. This starch
concentration of shoots indicated that carbohydrates had been consumed in

nitrogen metabolism.

4) Effect of different girdling dates on tree growth, fruit characteristics,
and reserve accumulations of ‘Fuyu’ persimmon

Trunks of vigorous 'Fuyu’ persimmon trees were girdled on April 20 (27 days
after sprouting) and June 10 (18 days after full bloom) in 2004 to 1-cm width at
15 c¢m above the graft union, to investigate effect of the girdling on tree vigor
and fruit coloration. Fruit drop, trunk growth, number of water sprouts, and leaf
area decreased in the girdling treatments in 2004 and/or 2005, especially in April
20 girdling. Number of water sprouts was 29.5 and 27.3 in the control (not
girdled) in 2004 and 2005, respectively, but it was reduced to 0.3 and 5.3 in April
20 girdling. Girdling significantly improved fruit coloring: Hunter a value as fruit
color was 34.1 and 31.8 in April 20 and June 10 girdling in 2004, respectively,
while 29.3 in the control. Different girdling dates did not affect fruit size and

soluble solids but April 20 girdling significantly lowered fruit firmness.

5) Tree responses of ‘Fuyu persimmon to different degrees of early
defoliation on fruit characteristics at harvest and tree development the next
season

This study was conducted to understand the responses of persimmon trees to
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early defoliation by typhoons. In 6-year-old 'Fuyu’ trees, 0 (control), 75, and
100% on Oct. 9 in 2002. Fruit fresh weight and soluble solids tended to decrease
as defoliation percentages increased. However, fruit diameter continued to increase
in the absence of any leaves, and defoliation in early September did not
significantly affect fruit weight at harvest. Starch concentration in dormant
shoots significantly decreased to 32 and 3.1% by 75 and 100% defoliation,
respectively, from 4.0% for the control in the 2002 experiment. Shoot growth,
number of flower buds, and fruit set the following year were not consistently
affected by different degrees of defoliation the previous year. However, 75%
defoliation resulted in 4.4-fold increase in winter-shoot mortality in 2003.
Although not significant, only fruit weight the following year tended to decrease
with increasing degrees of defoliation. Soluble solids were significantly low in the
fruits of 75%- and 100%-defoliated trees in 2003. The results indicated that
measures to enhance fruit quality and carbohydrate reserve of the tree should be

practiced after a severe defoliation by typhoons.

6) Effect of thinning degrees on fruit characteristics and carbohydrate
accumulations of persimmon trees defoliated in early autumn

Leaves of 2-year-old 'Fuyu’' trees, grown in 70-L containers, were defoliated
80% on Sept. 7, and the effect of different degrees of fruit thinning on these
trees was determined with regard to fruit characteristics and carbohydrate
accumulation in tree parts. After the defoliation, the leaf-to-fruit ratio of the
trees was changed to 4, 10, and 20 by thinning 0 (control), 60, and 80% of their
fruits, respectively. Data from non-defoliated trees that had maintained the ratio
at 20 throughout the season are also presented for comparison; these trees are
referred to as being "intact.” After the defoliation, fruit weight and soluble solids
significantly decreased. Fruit weight increased significantly when thinned 60 and

80% of the fruits. Soluble solids significantly increased with the increase in fruit
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thinning, but never to the level found in the fruits from intact trees. When
thinned 80% of the fruits, sugar content increased 1.5-folds both in aerial woods
and the roots; when thinned 100%, however, the increase was 1.4-folds in aerial
woods and 2.2-folds in roots. With an 80% thinning, total soluble sugar contents
of a tree significantly increased almost to the level of intact trees. Starch
contents of aerial woods increased 2- and 2.3-folds, whereas those of the root
1.7- and 3-folds, by 80 and 1009 fruit thinning, respectively. Starch contents in
an 80%-defoliated tree were at the comparable levels of an intact tree only when
all the fruits were removed. The control trees, which had lost 80% of their
leaves in 2002, showed a significantly poor shoot and leaf growth, fewer flower
buds, and fruit dry weight in 2003. Almost one-half of the shoots grown in 2002
died in the control trees by the time of bud break in 2003. Fruit characteristics
were not significantly changed the following year. In conclusion, fruit thinning
could be of practical importance for reserve accumulation as well as for
improving the quality of remaining fruits when young persimmon trees lose their

leaves up to 80% in early September.

7) Effects of defoliation combined with defruiting in early September on
carbohydrate partitioning of ‘Fuyu’ persimmon

This experiment was conducted to assess effects of defoliation combined with
defruiting in early September on carbohydrate partitioning of persimmon tree.
Three-year-old 'Fuyu’ trees were grouped to non—defoliated and defoliated ones
with or without fruits after completely defoliating and defruiting on September 4.
The results indicated that the defoliation reduced carbohydrates more severely in
roots than in aerial woods, and defruiting effect on increase of the carbohydrates

was much better in defoliated trees than in non-defoliated ones.

8) Effect of girdling date on fruit characteristics, tree growth, and
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reserve accumulations of ‘Nishimurawase persimmon

This experiment was conduced to assess effect of different girdling dates on
fruit characteristics and tree growth of ’‘Nishimurawas’ persimmon for early
harvest. Four- to 5-year-old trees, grown in 60-L containers, were girdled in
3-mm width at the trunk on June 3, Aug. 3, and Sept. 3 in 2004 and 2005
consecutively. When the trees were girdled on June 3, fruit weight in 2004 was
189 g, heavier by 29 g than non-girdied control, and color was 59 as color
chart, higher by 1.2. Dry weight and contents of carbohydrates and inorganic
elements tended to be reduced in roots of all the girdled trees in 2004, especially
in June 3 treatment. June 3 girdling in 2005 did not significantly increased fruit
weight and color, and reduced yield compared with the control. Also was
reduction observed in root dry weight of the girdled trees in 2005, being the
most severe in Sept. 3 girdling treatment followed by June 3 girdling. In
conclusion, June 3 girdling was effective to a some extent for early harvest but

needed careful management for tree growth.

9) Effect of non—pollination treatment on fruit set and characteristics of
‘Maekawa-Jiro’ persimmon

Production of seedless persimmon fruit has been of commercial importance.
This experiment was conducted to investigate effect of non-pollination treatment
on fruit set and characteristics of 'Maekawa-Jiro’ persimmon. Insect-proof nets
were covered before flowering on 3- to 4-year-old branch in 2003 or whole tree
in 2004 and 2005 for non—pollination treatment. All the branches or trees with the
non—-pollination treatment produced only seedless fruits while fruit of the
open—pollinated control trees had 2.5, 0.7, and 2.0 seeds, respectively, in 2003,
2004, and 2005. However, percent fruit set of the seedless ones was not
significantly reduced during the three experiment years compared with the

control. Although fruit size was smaller in non-pollinated branches, there were no
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consistent differences of fruit characteristics at harvest in 2004 and 2005 between
the control and non-pollination treatment. When stored at 05T during two
months in 2005, the fruits showed so similar quality between the two treatments.
It was concluded that seedless fruits of 'Maekawa-Jiro’ persimmon could be

commercially produced even by non-pollination condition.

10) Effects of different rootstocks and girdling dates on physiological
fruit drop of ‘Hachiya’ persimmon

Physiological fruit drop of 'Hachiya’ persimmon, which has severe fruit-drop
characteristic, was investigated in the trees grafted by different rootstocks or
girdled at different dates. The trees grafted on D. lotus was greater in trunk
cross—sectional area during 9 years after planting and produced more water
sprouts than those on D. kaki. Higher percent fruit drop was observed in the
vigorous trees on D. lotus rootstock. When the scaffold or second scaffold of 10-
to ll-year-old trees were girdled in 6-mm width on May 4 and June 24 in 2004
or June 7, July 7, and Aug. 7 in 2005, fruit drop tended to decrease in all the
girdled treatments. The most lower percent fruit drop was found in June 24
girdling in 2004 and June 7 in 2005. Furthermore, June 24 girdling in 2004

reduced fruit drop even the following vyear.

3. Development of optimum MAP storage modeling and multiple

system by maturation period of fruit in non—astringent persimmon
1) Optimal MAP storage system according to maturity
In order to maintain the quality of a sweet persimmons, the activities of the
various enzyme related to softening the sweet persimmons have to be restrained
and the one of the method is MAP (modified atmosphere packaging) preservation.

MAP preservation uses air transmission and respiration rate of fruits in the film

..22__



by inducing an appropriate air composition to preserve quality of fruits within
packaging. However, there could be a physiology obstacle phenomenon if the
condition of packaging and the amount of respiration are not corresponding
together. Therefore, in order for the optimum MA packaging, the precise amount
of respiration investigation of fruits, gas transmission are required and also the
changes in the amount of respiration according to the air composition changes
should be estimated. Therefore, the study executed an investigation to design an
optimum packaging system according to the harvest maturity of the sweet
persimmons and the investigation was made first on the quality of fruits and the
respiration rate which is Important part of a physiology phenomenon in
accordance with the harvest period and last the optimum MA packaging per the
harvest period has been carefully reviewed.

The study showed that there 1isn’t much difference in the quality
characteristics per yvear when examined the fruits produced from 200272004 for
the hardness, chromaticity, and saccharinity. However, the findings in the
respiration rate of the sweet persimmons showed significant difference as per
yvear and the harvest maturity. The investigation on the respiration rate of the
fruits that are harvested every year are an essential practice to resolve the
difficulties of the preservation farmhouses. In addition, to establish the optimum
MA packaging condition of the sweet persimmons, the investigation on the gas
transmission for the low density polyethylene. Furthermore, by estimating the
changes of air composition that are in the MA packaging while in preservation,
the optimum MA packaging condition per harvest maturity to maintain the
quality and reduced physiology obstacle course that has close relations with air
composition within the packaging. As a result of actual investigation using a
various kinds of package thickness per harvest maturity to corroborate the result
of estimation. To prevent browning occurrence which is one of the main

physiology obstacle phenomenon, the estimation showed that an appropriate
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thickness packages are required and for long term preservation, it has bheen
determined that a countermeasure should be established to reduce obstacle

occurrence.

2) Technical tree and core strategy research proposals
Technical tree for the persimmon industry was suggested and 53 category
corresponding to core strategic field of research were finalized. Based on the
technical tree, outline of 32 core strategy research were proposed and summarized

into d-Base file.
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1L Fe vd $5 AV HA5H A7 Mol (hF A, 80-'96).

1 3 EEEL

TR A9 Al %71 A9 A %0 A9 A %7
(2.9) (2.9 (2.9) (29 (2.9) (4.9 (2.9) (2. (2.9

3 T 423 531 1030 420 531 1024 4.19 5.28 9.25
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Fo
N

g#Wx 57 51 45 64 A7 50 62 41 71
tﬂ I~
= (()lﬁ)]T 449 607 409 512 522 515 579 494 592
& A Nz
L FE S FE W E T
(g) (°Bx) (g) (°Bx) (g) (°Bx)
g #F  1% 145 214 150 184 14.9
gEARL 157 1.09 22.0 178 227 0.68
wo] A 4
. . 0: . . A,
o) 8.1 75 10.3 11.9 124 6

g =R ARSI AR
D AW A=A A
A A A AnE 4R A2E ol
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X 2. A9 VIR 71 ARC1EA, 2 ~20039).

I o H A7) &

A9 () ()
d 92 108 As7” FE7)Y A48T Fu7)
27 73 110 195 131 182  -21 134 71
49 & 121 197 149 182 12 147  -25
TH H2& 107 185 118 180  -22 121 -81
A% 99 127 199 147 188 1.8 140 -2.8
¥3 138 213 161 200 2.9 161 -1.2
+74 119 195 133 190 05 136 -54
-7 121 196 133 192 -03 137 -55
g 137 213 154 205 16 157 -2.8
9% 112 189 125 184  -16 127 -71
9d 122 198 136 191 0.1 135 53
°ks 118 197 13 190  -08 137 6.1
¢ i® 123 203 138 196  -03 147 -49
A4 118 201 138 187 05 142  -48
¥y 121 204 142 189 0.2 141 -42
Hel 120 200 133 191 -06 139 57
A 114 192 125 186 -14 130 6.8
A% 4 127 0 211 151 194 0.9 158 -24
AF 1300 211 147 200 0.7 153  -36
Pt 124 204 143 191 05 143 -40
A& 128 208 146 197 0.7 145 -39
g 1220 202 136 193 -03 135 -56
g4 108 187 120 179  -17 123 72
Ad #5135 214 154 202 1.7 157 -2.3
=X 138 220 166 200 2.9 165 -04
#3125 202 138 192 0.7 140 -44
4% 128 207 146 193 16 143 -34
A AZF 115 188 124 183  -05 126 -63
4% 1270 200 138 192 1.2 140 -39
AF 131 209 147 197 1.4 148 -42
=g 130 208 146 197 1.1 143 -48
&4 138 212 159 199 29 156 -16
uhak 149 228 174 209 4.2 172 01
Habo144 0 221 173 201 4.3 171 05
$d 127 203 139 195 0.7 142 -49

‘4ol A 1049, V129N o] 53l 28 (FAD.
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Longitude
38°N
IR
TN 3T 23
3
2 36N —3~-6C
==
-J o
-6~-8T
J5°N
-8~-9T
Z4°N _QN“IOOC
-10C ¥ %t
.33'ﬂN L L 1 L L
125°E 126 127°E 128°E 129°E 130°E 1317
L ongitude
Oy 2. 9dFexE 2 19 HIFAAVR BExE (U143, 2004).
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®.3v9dE Fo A9 A MY 2 A d8 A1, 19999).
A4 AE @ e AW Y 4 A=A 54
FE  He 114 142 =Y
A5 34 16 97 a ok7}
x% 7 70 # <kt
=7 7 84 3 ot 7}
=7 71 129 224t
i 93 130 W5, 7ok BFA
o 30 82 2
5 68 131 U, dolat
Skl 96 130 A2 g ol
ot 83 122 k=1
1 o 85 110 W5, =A]
A4t 92 125 3 ok 7}
LA 86 107 s ek}
H 137 128 s etat 77k
2k 132 139 e
A5 A 35 82 ekt
A 60 92 ERRL
ek 84 109 3 ot 7}
e 76 122 et ol ujgat
e 123 130 g, A gak
42 112 136 WS, B A g
Ad 25 58 % W&, 5
B 25 69 stk
il 70 106 ) etrt
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¥4 AW g s L 34 v
: 3 A A

A I R B R R T

A% 4 oA 9 4 A F ¥ A

F tf 270 246 268 263 260 218 215 255 215 223 236

2 A& 186 193 188 195 211 171 181 200 162 178 206

fg)% 3 o 225 227 219 229 231 187 202 223 180 210 223

EFHA 193 151 200 211 13.8 109 11.0 130 11.0 99 81

Mol A4 (%) 86 67 92 92 60 58 55 58 61 47 36

| o 0.82 0.89 0.80 0.81 0.80 0.77 0.84 0.84 0.81 0.83 0.76

=] A 069 066 065 062 065064 0.69 067 0.67 0.71 0.65

L/DE& 3 o+ 073 074 0.74 073 0.72 0.72 0.75 0.74 0.75 0.74 0.71

EFHa 003 004 0.03 0.04 003 0.04 0.04 0.04 0.03 0.03 0.03

WOl A (%) 43 52 46 50 48 51 54 50 42 40 43

F o 184 173 165 154 17.0 16.0 153 156 14.2 150 16.3

e Z A 135 143 133 119 132 121 103 121 99 106 115

) 3 T 15,0 151 149 137 145137 123 1563 124 127 140

" EFoHA 113 061 091 091 079 105 111 1.14 118 1.12 1.18

o WHolA=(%) 75 40 61 66 54 77 90 83 95 88 85

(“Bx) # o 1566 161 164 147 158 155 13.7 153 14.6 14.3 153

. e A 130 124 128 11.7 132 11.8 96 11.6 103 105 11.2

;] o] o 144 146 146 133 143 134 120 133 124 125 134

o EFHA 074 083 017 0.73 063 095 1.13 0.98 1.19 0.93 1.01

HolAl(%) 51 57 63 55 44 71 94 74 96 74 715

4 W 5 8 8 7 7 5 7 7 8 8 6

F £ 1 1 1 0 0 1 o 1 0 0 0

=24 H ¥ 31 47 48 29 32 19 23 34 26 22 29

XeHA 126 167 1.74 241 214 117 172 154 1.73 1.59 1.93

WHolAl(%) 406 357 361 82.0 663 60.6 759 458 66.7 71.2 66.8
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= d A A g
2L B R
Aoz A F 9 2 F 7 1 A 3
A o0ZF A4 4 ¢ A 4 F o A g
= 9 6 7 6 7 6 5 6 6 6 6 6
e A2 2 2 2 2 2 2 2 2 2 2
Ea g s e e 7 33 46 44 41 34 35 41 48 43 42 40

ZTEA 124 128 113 1.31 1.22 094 1.09 1.06 1.27 1.10 1.26
Hol A (%) 37.8 27.7 255 322 359 268 267 222 29.3 26.1 315

T =)

=2 o 664 665 64.7 67.8 674 659 66.8 66.6 66.6 66.7 64.8

Hunter a" 61.1 60.8 59.8 62.0 58.2 61.0 60.4 604 58.7 61.0 56.9

Hunter L % @ 634 630 624 644 63.0 63.8 63.6 63.1 63.0 64.1 614
ZeHA 142 186 1.18 148 193 1.34 190 1.31 1.90 1.28 1.83
HolA4(%) 22 30 19 23 31 21 30 21 30 20 23

= o 294 309 31.0 269 234 265 33.0 33.3 27.7 32.0 39.3

= 4 172 127 149 136 76 45 127 104 108 9.7 247

Hunter a° 3 231 216 249 209 153161 226 21.1 235 21.3 32.2
EZwdA 281 435 4.05 416 4.06 575 4.58 473 4.40 4.80 4.03

Hol Al (%) 122 201 162 199 265 357 202 224 186 226 125

= o &

gl 698 70.1 708 72.3 685 71.7 715 674 71.2 702 72.0
= 2 545 56 578 612 556 534 €02 584 556 604 54.4
Hunter L" ¥ T 643 624 619 664 63.0 63.9 659 62.9 652 66.1 65.1
ZEHA 353 364 293 295 382 386 2.81 3.00 368 2.75 4.44
4) bh 58 47 44 61 60 43 48 56 42 63

37 19 61 37 23 22 21 40 38 51 b1
Hunter 2~ 3 73 92 107 73 77 74 63 85 73 17 107
TERA 184 295 229 198 236 2.84 260 2.44 240 1.95 267

WMol Al4~(%) 251 323 214 27.2 30.7 382 41.4 286 32.6 254 249

(%
= o 103 160 155 11.7 119 135 144 137 145 11.2 175
e
i
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749 813 772 750 81.6 81.7 779 785 749 754 754
o079 655 63.8 62.0 639 51.8 62.6 64.0 625 61.7 62.2
678 701 705 675 706 71.8 69.1 69.3 69.1 70.7 68.2
494 360 344 321 454 555 441 417 3.12 371 3.62

o
Hol A4 (%) 1.3

F
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N
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o
=
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64 60 45 52 53

49 48 64 17
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¥ 5. 714 895 A B4 3 3@ v,

g = 1 2 3 4 5 6 7 8 9 10111213 14 15 16 17
gz LW 107 09" 107 09" 09 -05 -07 01 -05 05 02 01 -0.1 03 -04 -05 -02
55 9 ey 10 08" 08" 07" -03 05 -01 -04 06 01 03 02 -02 -03 -04 -02
© 5 g 10 09 09" -06 07 01 05 03 -03-01-00 -03 03 06 -03
;jg 4 447) 10 107 -05 -08' 02 -05 03 -01 -0.1-03 -00 -01 -06 01
(7]@% 5. F97] 10 -05 08" 02 -05 02 01 -02-01 00 0.1 -06-02
6. -15C I 35 10 09" 00 03 -02 00 01 04 00 00 05 02
7.-10C o]&} 3% 10 03 05 -01-00 03 -03-01 01 05 02
;J_ﬁ;_ g d 10 08™ 02 00 05 -02 -02 -02 02 -01
M) 9 487 10 -02 03 03 -01 02 02 01 -01
10, 1/D & 10 04 01 -01-07 -07" 01 03
11 50 10 03 02 08" 08™ -04-06
12, ZAE 10 -01 02 -02 -0.1-03
13, ol abe g 10 01 02 -01-05
gu 14 A 10 10" -03-03
Bx) 15, 5% 10 -03-04
;1]‘ 16. Hunter Lx 10 06
A 17. Hunter a* 10

“Pearson A} H5-A): ", % o A7) 2(P)=0.05 or 0.01.
YA B A o i gt of A+ 8L T A 9] vlg.

o Al A ek A A5 AR

1) F&2 Avp A

AN AR F R gel Ak FES RA
—

2
2
B,
)

o A HH e 64% 5 A
= A= o A A A
%!

H(73%)3 A (16%) M

CEERCIE S L o] 4 AuEE 9% JEE A
S gow gFUEE shAAn Q960 FF0NA B A
A5t
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=
=
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2 8 Fa Al 8 22002 A B 24

FEEEIE

=E T8 (ha) (%) T2 ARG (%)

5 Az 177091 640 AH(735), AH(163), FEHEL), &4
(25), 71EH3.9)

Fh w7t 2,447.9 89  AHY(T19), AH(286), AE(T4), AE
(37), 71EH2.4)

2} ey 2,200.6 80  AY@36), FIFGED, AEGH, A=
(35), 71EH3.4)

7 kA w7k 1,.330.5 6.6  AE®5), 4H(137), 71EH0.8)

&z 294G 11355 41  7AE(348), AH31L0), AE(244), AF
(5.3), 71EH45)

SA wez 644.6 2.3 AE740), AE09), F5132), 7¥
(2.9)

L FA] wez 3565 1.3 Ag(r3), 38162, AL171), 7IE
(19.4)

o obek 7t Az 1183 04  AG46), 450147, 71EH30.7)

4 5HA] w7k 111.3 04  A¥HE7I), 29185), 71EH24.2)

FHZAEF bzt 98.9 04  AWELY, A93(238), AE230), 71E
(22.1)

7] e} 1,003.6 3.6

} } e g s ,
ﬁiﬂ 27,6568 100 (] 1:1(53.4), L‘D(24.8), oj?(12.7), 7“5}

(9.1)

* 718 SR FT 5 olF, AAAE, T8, AR, dWF, 2ve T

A F A Az dolgS AHRU(TH 3), ALFUIA 1)
AHAG Az ME FFHE ] 7 Ehoy BE FFo] -15T AddAE 30%
olatE WAL, 20T AZeAe 10% o]stR ofF wrglr), 12]a -25T )8 Az
A= AF Fdolstx] okrh. BERFEI 299 AFHTE AzeME G FEFA

1o
HERA, BR R CANEA] A0~50% AERFoM, GFNL T FEwa)
A

flr

1

30% o6tz wgtth FHEkRIQl 38e] AT AxAHE 5C AN BE F
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Fo] 30% olstE W} 5T o]3tR L7t dotds
oA AE wolstx wrerd. AFH A7) 7ol BWEH| I 4 =
Hol WEAel 71 At FHeHr7E 7 stk ey vy g3t

L Aol vERFA kT

t
)
I
L
B
o
R
k)
o
{
[\l
)
@)
Rl

o\\°/ 80 January February March
©

2% —— 'FY

° —v— "UW

g4 —=— NW

) —— HY

o —— 'CB

SRy

£10

£

o O ' ‘ ‘ f
O 145 20 25 35 -10 15 20 -5 -10 -15 20

Treatment temperature (C)
a8 3. Ay ¥ FAAA FEAe = Holg. FY, ‘FH(Fuyw); UW’,
X Z A (Uenishiwase)’;  ‘NW’, ‘A &ZA(Nishimurawase); ‘HY', ‘#FH&

(Hachiya); ‘CB’, “d = 3A](Cheongdobansi)’.

ewd AY F FabelAd Aze] X SAES AVEACY 4, 199 AAD
Az E 15T A lA RR 20% olE AT BE FHE 65-80%2 E

A gk ~20C HE A FA3] Rolxi -25T AHydAe dg HAsA &dvrh 24
o AMHGF AzxgAE -5~-15T AHFdAEe RE FFo] 50% oS B,
-20C A= 5243 shetste] A wAstA] Gk 399 AFF Az Ae
-5C AP ‘FH, AERA D AHENATL B% o, PRy s
2 Z47F 40, 20%°l 7t ksl e, ~20C AgdA e ZE FFol 20% olstslth A3
= B FwEr)zr P e HAES Bo WEA) M Fetdn AdE

= 7]
A7) et FaEtatr]d dAyEo] stol WE/do] o3l

J
N

>
X
e
o
e
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:\o‘ January February March
— 100
o
] —&— FY
5 80 —v— 'UW
S —a— 'NW
o €0 —o— HY
o —A—'CB
= 40
g
20
_g_— ®.
2 o - -
&) -15 -20 -25 -30 -5 -10 -15 20 -5 -10 -15 -20

Treatment temperature (C)
a9 4. Ay 2E FAAA 7R SR E FY, ‘BRFuyw); UW, A=A
(Uenishiwase); ‘NW’, ‘A& Z A (Nishimurawase)’; ‘HY’, ‘7459 2(Hachiya)’; ‘CB’,

‘2 =X (Cheongdobansi)’.

Sl Ay F Axe AVIAERE WEEL 24 AA 3y A dAr]dxEed o
g8 Yehio] durgthd 5. 1€ AHAF AxdAE 0T -15T A
A= 35~50%00.m, ~20C Aol A= e GEWA 65% dE2 oE F
Foll el =4 szt gov, UmA FF2 A9 WErb sidvh ey -25T 9]
stAlglol e BE FFo] 70~90%= st ol 2 ol 29 A3
AzoA= 0~16T Aol A= oiF-& 50% olstd o, 20T AdelA F43] &

Zbetol A a7 gk 53], YAzl 24 w3zt b Zick 39 AT 4
q

(o

N

-
2

N 0T ALeNANE 75% oldom zAszt A WEA] o} otalg
AA A7 el FHES] RE FFoM 245307 453 A WEL) A

ke,

=]
=

0

o
2a)
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e

2 100 | February March

% ¥

3

2 A&

(o]

[&]

2

B

o

]

G

[0

S 20 ‘ — , —
c

3 0 -15 20 25 -30 0 -5 -10 15 20 0 5 10 15 -20
O

Treatment temperature {'C)
a9 5. A £xd FHAe AVIHAER HEE TY, H/Fuyw);, UW, YA
Z A (Uenishiwase); ‘NW’, ‘A&Zx A (Nishimurawase)’; ‘HY', ‘7459 E-(Hachiya)’;

‘CB’, ‘4 =4A|(Cheongdobansi)’.

ARl o@ F3E WakE 0T A7l Aze] F4s

—
T I=e]

o We &% A7 ANz FHEE veho] A rEtHad 6). 19 AAD

©> e

gAE -15C Agelrl ‘Mexd' e Fdadal HFyE s G L 80%, v

%

Hx FFL 70% 7H7EATh aEd 20T HEeld pEEES Aest BE F
#2438 gt HE2RAYE 60%, GARA, FA R A ETANE 40% A

T2 2977t F48 wokth. a2 -25To|d Agolde dREE EFFo] 40%

ojgtz vielytth 29 AF T AxolAe 5T APdA BE FFo] 549 5t

ato] ‘HEREAPZE 30%, WA EFo] 55~65% FEFL -10~-15T HAA=E

5T Aot fABEG T 38 AHAT AZAMe 5T APAM HH, AR

2RI} 50% AEE FA3 sEetanh -10~-15C AelAE A, 4

[e]

Nz R OCAERATE 30%, AEEAI AT AT 60% FEAA S
-20C AN E BE FFO) 25~30% AE7A sttt AR A7) el A

BFR7I FUEAAE FAS WERGT 222 wash Wik
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T 100 January February Mearch

8

2 8o

©

O

5 60

2 —— FY

-E 401 v W

[e] —a— 'NW

L op| —HY N\

% —a— 'CB

o 0 i ] ‘ i ‘ ‘ ; ‘

O

0 -15 20 -25 -30 0 -5 -10 15 20 0 5 -10 15 20

Treatment temperature (C)

a6 Ag exdE FHAS FAFHE W FY, TFuyuFH)5 UW,

‘Uenishiwase(“HA Z4); NW’', ‘Nishimurawase(X&24); ‘HY’, ‘Hachiva(Z59

2’ ‘CB’, ‘Cheongdobansi(Z =HFA])",

a9 3~6% T B9, 9@ g4 1 s Aoje fier B fFuy
7] w9 olv)d uiEdel 7 %}0% &8l 7t *Ja}?it} A R

koAl A gd HA712 TAE 2 Al B2 T3 s A=

D A HAAZ] 2 2=A

G2 ARG e FAom VA NAARE o)&sd XdE ALH dF HA
7l ST E 2 TR BMIATGL 7). 9 Auxe F 1293 2¢
Abolel Agdd AYURE FH2xr g e -20Colste HAr|Lo 7E2g &
o] e APL: FE Frg AE Roroz A7k 00730, Fd Hole Ak
0232 5ol 18 Jvh AF S wet a7t $AysE 2= -175Ts= )
HiF A2 A& e, FE Fo, AE Fgoz #A A5 9 Frtekdo w3
A w9 -15Coa2 U#z Age 249 & A5 AL, Ad 35 &34 2
5, A WA, e A ol
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£

7. A9 ALE AT HAAY]E LA Bl

712} Aed02~-29) JA7|E T AF (%)
2 4 -20Col3t  -199~-175T -174~-15C -149~-10C ZHAAF
871 2 1000.3) 40(1.3) 96(3.2) 574(19.1) 1973~
& F9 10(0.9) 1992~
&3 2(0.06) 134(3.8) 1968~
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%2
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% 3= FA45 2w A= 37 &

T ome AR sy T
(2) (B U A" (kg/emd) =171

2=y 264.9 0.80 134 36 0.00 949.8 5.3
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Table 1. Fruit characteristics as affected by location of the orchards and

position within the tree canopy.

Locat; Average weight Color Firmness Soluble solids
ocation (g) (Hunter a) ™) (°Bx)
Orchard
renar 214 24.7 216 137
Slope land
Low land 205 237 22.3 13.2
Significance NS NS NS NS
Canopy
) 224 24.8 20.2 14.0
Qutside
Inside 186 12.1 23.3 136
Significance * ok * NS

NS % "*Non-significant or significant at 2 = 0.05 or 0.01, respectively.

<
°
haa
N
2
rg
X
X
e,
oZ,
i
(S
ol

Al ok =2 Aol itk (Table 3). 9
ARRI A 43% %2 HAHT}E 1.8%9HF
ARA R} 2df A X =l Wi 3 diFe] A FHEI 23INCEAN ¢ o i

4 200NET EA FAE $FE719k v =89

Table 2. Concentration of inorganic elements in the fruit as affected by location

of the orchards and position within the tree canopy.

Location N P K Ca Mg
Orchard 0.23 0.069 0.99 011 0.061
Slope land
Low land 0.22 0.082 0.99 0.13 0.064
Significance NS NS NS NS NS
Canopy 0.20 0.064 0.93 0.11 0.058
Outside
Inside 0.24 0.080 1.13 0.09 0.072
Significance NS NS x NS NS
NS, =

Non-significant or significant at P = 0.05, respectively.
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Table 3. Effects of location of the orchards and position within the tree canopy
on firmness and percent fruits with softening and browning of 'Fuyu’ fruits
stored at ~0.5°C for 96 days.

Location Firmness Fruit softening Fruit browning
(V) (%) (%)
Orchard
Slope land 21.1 4.3 14
Low land 21.6 25 29
Significance NS NS NS
Canopy
Outside 20.0 6.1 0.6
Inside 23.1 1.1 0.6
Significance * Aok NS

NS "Non-significant or significant at P = 0.05 or 0.01, respectively.

11%° 24 3 9% R 61%HT el

|
wrorch, Ayl S £ WF A F3 06%E Zol7t gl A e

A dge A" Aoz MztEn Zwde ddo 55 o8 £34 U
z7e] = AY(Ahn F, 2004; Lee 5, 2001 ®)7d% 7t
= 4EA derhlee &, 1993), & Al@oM= 28 g A4

RS B A HAE Bel FUHA A FRWAC - 05507k o1F 3
2 gt

- 118 -



Table 4. Correlation coefficients among the fruit characteristics of 'Fuyu’

persimmon at harvest and after storing at -0.5°C for 96 days.

Correlation coefficient between

Fruit

characteristic Avgrage SOh.lble Color  Firmness Frui.t FruiF
weight solids softening browning

Soluble solids 0.56"

Color 063" 0.16™

Firmness -0.72"  -061" -0.51"

Fruit softening 0.55" 0.60™ 0.46° -0.75"

Fruit browning 024% 007 -019%  -011%  -000™

N (%) 0.08™° 0.02%  -008"  009%  012% 036"

P (%) -0.08%  -010™  -008™ 014%™ 016 029"

K (%) -0.39™° =020 -057° 045 042" -013%

Ca (%) 016™  -035" 023 -006" -019% 014"

Mg (%) —0.06™  -023°  -025" 030 -043% 007

Nt *Non-significant or significant at P = 0.05 or 0.01, respectively.

A Fee AASA #HEFo] e Aow dEA 9o (Takano 5, 1991;
= J

=)
Yakushiji & 1997) & A golM= FolAdo] AAHA &dirt o & Fd& Wiy

e AE9 r = ~061xx, A3t3 HAEH r = 060+x2A FYHS AAE HA
FEE FT7HANII7] A% ZAE] AR a9 AFE gaE ool £ JdLs ¢

5 A dihzA FEZsA mW BAAe] AefE I
(George %, 2003a) I}t}sf Aol A A" (Agusti 5, 2004)11 L&A 9t ZE
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of detel AAZ AapAS T AAA) AP dL tFoR sHsTh

7h8d g3 J4E B A BEAE 100megd 80%(v/v) ethanol 0.9mLE
7h3ked 8045TC TR Al 3083 §& 4171 ¥, 15000xgoll A 5&3F AR se] A
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R e, A% FE5 23 AA5Ad. 7 F9d AxAE 500mge F
F A 44 Kjeldahl® (Pieterzk®t Frank, 1979), 2148 vanadate ¥+ o2 =435}
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O DEE R

1694 el dARAs RTNR 4344 ofst X shtel Al/fe] AFm e}
12.070 2] AM7EA7E A= S eH(Table 1. 748 A#227F 111709 A7k & 271

Az ZALtol7t Bolel whebd] AumA st A7 F7b gobAth

Table 1. Numbers of lateral branches in a trees, mother branches in a lateral
branch, and shoots in a lateral branch and leaf-to-fruit ratio in the experiment

lateral branch of 16-year-old 'Fuyu’ trees.
Mother

Lateral branches Shoots Leaf-to—-fruit
Branch age branches (No./mother .
(No./lateral ratio
(No./tree) branch)
branch)
<4-yr-old 38 41 12.0 99 a*
5-yr-old 16 5.2 12.2 114 a
6-yr-old 4 75 19.3 118 a
=7-yr-old 8 11.1 27.1 13.2 a

#* Number of mother branches and shoots in a tree was 327 and 912,
respectively.

"Mean separation within columns by LSD test at 5%.

- 122 -



g oA 54 o]ate] Exo) FAF AHEAE 64.8%C] A A7EA W&
639%010th. FE8HAA 1/F G5 FAAA Aol (AN 49 olgte] FHA| A
99| Z 7dA o] A(132v)H T} 25%% At

Zxtold £R-02 Fo glolAl 594 olstyE 1570 Wl w61 d o)t
ZA el 314 NYR ook 2 AE AARASFS} ANZASF7F gud ARE
HAETHE 2). A F IdHeE 6dAdA 306%E HE R, TdA o] delA
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2pol 7t ARG =] o7t WolXW Hunter a o] HolAle AL £93s
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FeA 7)) b A M) ZAAE Adx el HFxA BgrEES 2AG A3
= ¥ 3% 2 kA 78T FRE FoAAd Aolw AARAW 434 o]F A
7.05% % ek, 7dA oA A 905%E Ehon EXuo|rt wolde wElA
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Table 2. Fruit growth on the lateral branches of different ages.

Fruit set Fruit characteristics

Flower ) .
Branch age bud Fruit  Fruits

drop (No./lateral Weight  Color  Firmness Sugars

(No./lateral ©6)  branch) (g) (Hunter a) (N) (°Brix)

branch)
<4-yr-old 15.3 375 105 230 a* 19.6 a 228 a 151 a
5-yr-old 14.7 40.0 97 203 a 19.2 a 239 a 14.8 a
6-yr-old 30.8 30.6 15 207 a 151 a 229 a 142 a
>7-yr-old 32.0 429 59 169 b 138 a 243 a 148 a

“Mean separation within columns by LSD test at 5%.
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4. = F

TEAL AdE He wREEe] SAUeld AAFAE 2AE 2de #F
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ojstel Fx oA FAAE spAel A 508%% wokth welM Fx| vfo|r} wolx A ok
=2 HAHE A7l A Aol das Ao AU

Table 3. Effect of lateral branch ages on concentration of carbohydrates of

shoot and leaf collected on October 26.

Soluble sugars (%) Starch (%)
Branch age

Shoot Leaf Shoot Leaf
<4-yr-old 7.05 & 1095 a 508 a 2.60 a
5-yr-old 892 a 11.23 a 3.98 be 2502 a
6-yr-old 9.02 a 10.58 ab 444 ab 233 a
>7-yr-old 9.05 a 88 b 347 ¢ 260 a

"Mean separation within columns by LSD test at 5%.
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Table 4. Effect of lateral branch ages on concentration of inorganic elements of

shoot and leaf collected on October 26.

Branch age N P K Ca Mg
Shoot

<4-yr-old 058 a’ 0.144 ab 055 b 0018 a 0.109 a

5-yr-old 059 a 0.142 bc 0.60 ab 0.016 a 0.110 a

6-yr-old 0.60 a 0.162 a 0.65 ab 0.016 a 0113 a

=T7-yr-old 055 a 0124 c 069 a 0.012 a 0104 a
Leaf

<4-yr-old 150 a 0144 b 257 b 0.034 a 0464 a

5-yr-old 156 a 0143 b 294 b 0034 a 0456 a

6-yr-old 150 a 0.163 a 282 ab 0.030 b 0457 a

=7-yr-old 152 a 0.149 ab 291 a 0.027 ¢ 0462 a

"Mean separation within columns by LSD test at 5%.
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Table 1. Effect of nitrogen application times in autumn on fruit characteristics
of 'Fuyu’ persimmon.

Treatment Average wt Color Firmness Soluble solids
(g) (Hunter a) (NV) (°Bx)
Control 225 a” 299 a 216 a 164 a
Sept. 17 212 a 26.8 b 22.6 a 159 a
Oct. 2 213 a 28.3 ab 232 a 16.2 a

"Mean separation within columns by LSD test at 5%.

Table 2. Effect of nitrogen application times in autumn on concentration of
fruit inorganic elements of 'Fuyu’ persimmorn.
Inorganics (%)

Treatment

N P K Ca Mg

Flesh

Control 0.26 a" 012 a 097 b 0.13 a 0.03 a

Sept. 17 0.27 a 012 a 1.06 a 012 a 0.04 a

Oct. 2 025 a 012 a 1.01 ab 013 a 004 a
Peel

Control 0.43 a 011 a 143 a 0.17 a 0.06 a

Sept. 17 0.44 a 0.11 a 144 a 0.18 a 0.05 a

Oct. 2 043 a 0.11 a 143 a 0.18 a 0.06 a

*Mean separation within columns of each portion by LSD at 5%.

Table 3. Effect of nitrogen application times in autumn on fruit organic
compounds of 'Fuyu’ persimmon.

Concentration of organic compounds (%)

Treatment . . -
Soluble sugars Starch Amino acids Protein
Flesh
Control 85.5 a’ 48 a 015 a 022 a
Sept. 17 844 a 53 a 0.17 a 0.26 a
Oct. 2 822 a b3 a 014 a 0.23 a
Peel
Control 544 a 59 a 012 a 0.35 a
Sept. 17 49.9 a 57 a 0.14 a 0.40 a
Oct. 2 49.2 a b7 a 012 a 034 a

“Mean separation within columns of each portion by LSD test at 5%.
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Table 4. Effect of nitrogen application times in autumn on percent fruits with

softening and browning of 'Fuyu’ stored at -0.5°C for 3 months.

Treatment Fruit (s(;)f)tening Fruit l(a(;)c;wning
Control 15 a* 11 a
Sept. 17 0 b 0 a
Oct. 2 0 b 10 a

“Mean separation within columns by LSD test at 5%6.
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Ak At @oﬂﬁ 109 29 AHFET 99 179 Au oA A FZU o
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=i 99 179 AR Foll A
o}

Table 5. Effect of nitrogen application on September 17 or October 2 to 'Fuyu’
trees on concentration of inorganic elements of the leaves on October 30 and of

the shoots on March 21 the following vyear.

Inorganics (%)

Treatment
N P K Ca Mg

Leaf

Control 1.18 p* 012 a 211 a 122 a 035 a

Sept. 17 146 a 011 a 1.93 ab 1.02 a 0.34 a

Oct. 2 143 a 011 a 172 b 09% a 027 b
Shoot

Control 066 b 0.18 a 0.72 ab 0.81 a 010 a

Sept. 17 081 a 0.16 b 066 b 067 a 0.09 a

Oct. 2 0.78 a 0.17 ab 0.73 a 0.71 a 0.09 a

"Mean separation within columns of each organ by LSD test at 5%.
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Table 6. Effect of nitrogen application on September 17 or October 2 to 'Fuyu’
trees on concentration of organic compounds of the leaves on October 30 and of

the shoots on March 21 the following year.

Concentration of organic compounds (%)

Treatment
Soluble sugars Starch Amino acids Protein
Leaf
Control 56 b* 37 a 044 ¢ 021 a
Sept. 17 6.7 a 39 a 0.76 a 0.25 a
Oct. 2 65 a 40 a 0.60 b 0.23 a
Shoot
Control 71 b 109 a 025 b 0.60 a
Sept. 17 35 a 95 b 0.32 a 0.61 a
Oct. 2 84 a 95 b 033 a 0.68 a

*Mean separation within columns of each organ by LSD test at 5%.
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Table 1. Effect of different girdling dates on fruit set of ‘Fuyu’ persimmon in
2004 and its carry-over effects on fruit set and flower buds in 2005.

Girdling date Fruit set” (%) Flower buds in 2005
& 2004 2005 (No./one-year-old branch)”
Control 56 b* 66 a 71 a
April 20 91 a 70 a 76 a
June 10 88 a 74 a 82 a

*Fruit set was measured on July 21, 2004 and July 16, 2005.
YFlower buds were counted on May 15, 2005.

*Mean separation within columns by LSD test at 5%.
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Table 2. Effect of different girdling dates in 2004 on trunk cross-sectional area
(TCSA), shoot growth, and occurrence of water sprouts of Fuyu’ persimmon
in 2004 and 2005.

TCSA In one-year-old branch” <
Girdlin increment” Terminal shoot Water sprout
e 2 No. of shoots (No./tree)
date (em”) length (cm)

2004 2005 2004 2005 2004 2005 2004 2005
Control 167 a% 138 a 34 a 35 a 40a 37 a 295 a 273 a

April 20 36 ¢ 82 b 25 b . 23c 41 a 41 a 03 b 5b3c

June 10 89b 124 ab 33 a 31b 44 a 38a 83 b 133 b

“TCSA increments for 2004 and 2005 are from April 20, 2004 to March 31, 2005
and from March 31 to October 29, 2005, respectively.

YOne-year-old branches were 25+5 cm long.
*Shoots grown longer than 60 cm.

"Mean separation within columns by LSD test at 5%.

e wol £ 27 Ao| M 48 204 Fdurm Pl A Fel 75em22 o
Z7 R 18em27k A9k, ol FdE 2 HolAth(Table 3). &4¥td 2 wd 74
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T2 2d BT 44 209 S Stel A A kst

o
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Table 3. Effect of different girdling dates in 2004 on leaf area, chlorophyll, and
specific leaf weight (SLW) of ‘Tuyu’ persimmon in 2004 and 2005. Leaf
samples were collected on August 11 in the vear of treatment and June 3 the

following year.

o Area Chlorophyll SLW
Girdling (cm*/leaf) (SPAD-502) (mg - cm™®
date 2004 2005 2004 2005 2004 2005
Control 93 a 86 a 52 a 42 a 118 a 83 a
April 20 b 83 a 38 ¢ 33 b 123 a 90 a
June 10 90 a 88 a 46 b 38 a 119 a 87 a

"Mean separation within columns by LSD test at 5%.
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Table 4. Effect of different girdling dates on pruning weights of TFuyu’

persimmon,
Girdling Prunings® (kg/tree)
date Dormant Summer
Control 6.1 a° 34 a
April 20 31b 1.0 ¢
June 10 5.3 ab 19 b

“Trees were dormant-pruned in early March and summer—pruned in late July of 2005.

"Mean separation within columns by LSD test at 5%.
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Table b. Effect of different girdling dates in 2004 on fruit characteristics of
‘Fuyu’ persimmon in 2004 and 2005.

Girdling Average wt Color Firmness Soluble solids

date (g) (Hunter a) (N) (°Bx)
2004

Control 225 a" 293 ¢ 21.8 a 162 a

April 20 222 a 34.1 a 206 b 163 a

June 10 233 a 318 b 21.3 ab 164 a
2005

Control 241 a 312 a 224 a 15.1 a

April 20 249 a 217 a 23.7 a 151 a

June 10 256 a 286 a 23.0 a 151 a

*Mean separation within columns of each vear by LSD test at 5%.

Table 6& /gty 7} Fhado] Fr1da F46) v Q&S 2AE dyjfolrh, A
A FEE 49 2097 6¢9 109 AT FKelA 47 019, 022%2 HET
o] 0.26%1TH fFoldoz Btk oA FEE olyAA W FdoME v
Agog veiyt gAadTE i FEE A5 ko AndME 2
ol7b fith ZELE F Aot oUAA T 4€ 109 Fu T HFoA v

P
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Table 6. Effect of different girdling dates on concentrations of inorganic

elements in flesh and peel of ‘Fuyu’ persimmon fruits.

Girdling date N (%) P (%) K (%) Ca (%) Mg (%)
Flesh

Control 0.26 a’ 0.12 a 097 a 0.13 a 0.034 b

April 20 019 b 0.09 b 0.88 a 012 a 0.043 a

June 10 022 b 010 b 097 a 0.12 a 0.037 ab
Peel

Control 043 a 012 a 142 a 0.16 a 0.053 a

April 20 0.35 a 012 a 1.63 a 0.12 a 0.063 a

June 10 042 a 011 a 149 a 013 a 0.061 a

"Mean separation within columns of each portion by LSD test at 5%.
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Table 7. Effect of girdling dates in 2004 on concentrations of carbohydrates
and inorganic elements in the leaves collected on August 31, 2004 and in
shoots and buds collected on March 21, 2005,

0, 3 0
Girdling Carbohydrates (%) Inorganics (%)
Soluble
Date Starch N P K Ca Mg
sugars
Leaf
Control 54 bz 46 b 149 a 0.12 a 273 a 121 a 035 a

April 20 6.9 ab 71 a 1.07b 009c¢ 2000b 0.60 c 023 b

June 10 6.2 a 50 b 128 ab 010b 260 a 096 b 035 a
Shoot

Control 71 a 11.1 a 064b 018a 076 a 0.84 a 0.09 a

April 20 73 a 94 b 066 b 013b 077 a 0.56 ¢ 0.10 a

June 10 6.8 a 10.1 ab 073 a 018a 078 a 0.70 b 0.10 a
Bud

Control 10.3 a 57 a 1.18 a 02l a 038 a 043 a 0.06 a

April 20 86 ¢ b6 a 1.05a 019b 040 a 047 a 0.06 a

June 10 93 b 59 a 11l a 019b 038 a 045 a 0.06 a

"Mean separation within columns of each organ by LSD test at 5%.
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7 S7FFAAT deged gz 127mmedd 9 75%9F 100% 49T e
24zt 6.8, 40mmith. A v o] HS5E A AU Fa E“:7P Hashe
g EHstslov 71E A3E(Choi , 2002; Park, 2002)2F @& 24l o7t
UERLEA] 22 AL A A7 =907 LR AR

e Al el A A A (Taylored Ferree, 1981) %+ 459 A9 23F(Laynest
Flore, 1995)¢] 4] uF&] A u}9} 7ro] W& Qo] 43ty &a =rj9l #g]ol e ok}
A7 oY F3EHS
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B
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71 W& (Fernandez} Pritts, 1996)0.% ¢t

il

Table 1. Effect of different degrees of defoliation on fruit characteristics at

their harvest.

Defoliated Diameter” Fresh weight Color Soluble solids
(%) increment (mm) (g) (Hunter a) (°Brix)
0 127 & 202 a 27 a 134 a
75 6.3 b 192 a 29 a 129 a

100 40 b 173 a 29 a 126 a

"Fruit diameter was measured on Oct. 9 and Oct. 31 to determine increase in

diameter after defoliation. It was 70.3 mm on Oct. 9 in 2002.

YMean separation within columns by LSD test at 5%.
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4% F Ax9 ¥dE ¥5E EW(Table 2) 7FHEA S 2ol 7F gllov A&
& HAEgTEANA FeH ez A YEst o7 40%4d wbe) 75%9F 100%

AY+e 77 32, 31%E w3 #yrt 8 g5iE 54 F4Y(Chad T,
2002, 2003; Park, 2002)& #rstd AQ4E9 AR Fae 4

o A FE Je Aot ol Z2 A dsE faAE ALE Jddes o
3}A1 7] iL(Kang® Ko, 1976; Weiser, 1970) o153 27133 S #4A715 A (Hirata
¢} Kurooka, 197922 2214 9l

. ol 58 A 5

7b ol EE A ESl ‘ﬂﬂ P 2 e AL St mabA 2A

7b Bol AdE A gl mE Oéz‘?}ol %1—% & = AT o= Table 2914 e
| #2837 ez ddE. o#d 1

AR B2 ALol & o= 4 9 AsHA vEy FuFol AR EdE

W Aelst gl A2l dFE F + 9= A

Table 2. Effect of different degrees of defoliation in 2002 on carbohydrate

concentrations of shoots in winter. The shoots were collected on Feb. 17,

2003.

Defoliated Soluble sugars Starch
(%) (% DW) (% DW)
0 9.0 a 40 a
7 9.0 a 32 Db
100 8.7 a 31b

"Mean separation within columns by LSD test at 5%.

- 149 -



Abahe] - & 20% Aolal wol F 19
Qolw A= i} = Aoz BugAv(Johnson}
Lakso, 1986). 9o ZEiw&sts 7€5H 8€d F= o]Foix]7] w&Ed(Harada,

= =
1984) ¥ A¥el 10€ A4 Ages i 93 4 £ Aoz A4

p oA

o oo
i,
B
o
2
w P
L
i

Table 47 A§ ol 58 A 5A4S Yebd Aot 34 A7le F2 %9 xo)rt

AR AR A W&ol 25 E Fadte ¥ FIIHAAYG dRE dx2T

N
)
—
DN
~
o
>
o
32
o
i
-~J
a1
X
1
=
o
S
X
i
hiac
-4
rr
&
K
[a—y
—
=
—
Do
W
oy
i
it
Ho
lo,
)
fo
fu
P
o
9

)
AdE Aol olFd A4 Fdd d&FE & F ASE AAEYY. olyE Aie
A § s FZo] o5 B fHY AXELS HAA &9 FHd 27E D
A7) L(Hirata &, 1974), B4 =% F3F¢FE & 7|2 A543 (Hirada®t Kurooka,

1974)9F o= AT FASIT 2 2 2= o)

A A e 2] o &4 9 3 FAE 9% FAE A%
FEE A2AA M THE Fdeta olFs 32 FAR AaAE F U S
Lhebsith mEbd e om 27lel el HUS W AGFR 4L f& At
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Table 3. Effect of different degrees of defoliation in 2002 on shoot growth and

fruit set the following year.

) In 1-year-old branch” Fruit set” Dead
Defoliated (No. fruit shoots™
(%) No. of Shoot length No. of /O' m)l s (1\; C;O S N

shoots (cm) flower buds buds o/tota
0 6.0 a" 81 a 56 a 100/160 43/526
75 55 a 62 a 28 a 84/155 193/533
100 56 a 72 a 42 a 101/194 113/476

"Number and shoot length were measured on May 6 in 2003

YFruit set shown is the number of fruits in early August and of buds in early May.

*Dead shoots shown are the numbers found dead out of number of shoots

grown the previous year. They were counted on May 20 in 2003.

“Mean separation within columns by LSD test at 5%.
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Table 4. Effect of different degrees of defoliation in 2002 on fruit

characteristics of the trees in 2003.

Defoliated Fresh weight Color Soluble solids
(%) (g) (Hunter a) (°Brix)
0 184 a* 27 a 127 a
75 160 a 27 a 117 ¢
100 152 a 26 a 123 b

"Mean separation within columns by LSD test at 5%.
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o
AP AL SAS Z = 1A;(SAS Institute, Inc., Cary, N.C., 1999-2000)& A}-& 3}
S Z2f9z AAMSD)e2 veEhh

3. 4% 2 aF
7t St AAEA
e VT FFH 59E 2T T8¢ Qo Z(Faust, 1989), & AF

oA 1149 69 AZA F(SPAD-502)2 A F HIAE A &2 dHxzTlAM 573
ol ®, AL kA " FAFAME 46.3° A HTable 1). A3 F=7F 57}

ol whel 1€ 694 F5A g Faste] 80, 100% A el A= 72 524, 502%

)
w3 7)ol v)E Aol FghA Z.%ﬁ: (Myers®} Ferree, 1983)¢} < (Taylor®} Ferree,
1981)¢] AdHe ALoZ g4

Table 1. Effect of different degrees of fruit thinning in 80%-defoliated
persimmon trees on leaf and fruit characteristics on Nov. 6. The defoliation

and thinning were done on Sept. 7.

Thinning Leaf Fruit

(%) Chlorophyll SLW Fresh weight Color Soluble solids
(SPAD-502) (mg-cm™®) (g/fruit)  (Hunter 'a’) (°Bx)

0 573 a” 1098 a 166 b 271 a 133 b

60 54.0 ab 1066 a 193 a 277 a 147 a

80 524 b 1098 a 191 a 29.1 a 146 a

100 50.2 b 11.17 a - - -

Intact 46.3 10.84 187 284 15.8

"Mean separation within columns by LSD test at 5%.
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16.1, 122, 95% = F71etAthFig. 1). Ag59 vzdoz Hao 7449 55+
99 7ol M, FZ, oAl ZZ 103, 8, 68%oll ot 1149 6¥dE ZH7 104,
10, 86% = <F7t4 Zrtstdlch Ay a¥9E BA e TS H v &o] Folds
% o4 $UHE Boled, 100%E AR o A, T3, doA 42 173

130, 139% =% =o} dlz=7-9 FelA<l AolE Bt

GEo] muste], FAFS Folk Ao do] £4H U

Table 2. Effect of different degrees of fruit thinning in 80%-defoliated persimmon
trees on dry weight of permanent parts of a tree. The defoliation and thinning

were done on Sept. 7 and dry weight was determined on Nov. 6.

Thinning Aerial woods (g/tree) Roots (g/tree)
_ Total
(%) I-yr . .
Shoot ¥ Trunk Total Fine Medium Large Total
—0
Sept. 7
0 55 42 62 159 56 23 72 151 310
Nov. 6
0 63a” 42a 73a 179 a 49 b 39a 9% a 182 a 361 a
60 62a 46 a T0a 178 a 9 ab 32 a 83 a 174 a 352 a
80 66a H3a THa 194 a 78 ab 36 a 101 a 216 a 410 a
100 67a 5HZ2a 8 a 204 a 9% a bH2a 116 a 260 a 465 a
Intact 79 47 75 201 73 46 96 214 415

"Mean separation within columns by LSD test at 5%.
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TFig. 1. Soluble sugar concentrations in aerial woods and the roots on
Nov. 6 as affected by different degrees of fruit thinning on Sept. 7 in
80%-defoliated persimmon ftrees. Symbols having different letters
within a particular tree part are significantly different by LSD test at
5%. Also shown for comparison are the values of intact trees that had
maintained the leaf-to-fruit ratio at 20 throughout the season.
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BomAdnc B o Fesd, 80% % 100% 434FE dRTr ZhzE 15,
22017 o wokth @A FAes FEAA F 7T T FUME A 0% M
of ofs 7Hsstslth

Mg JheE wgld ugel davldedA 553 FrbdthPark T,
1997; Park, 2002a, 2002b; Yoon, 1996). & Al@elA A3} ] &o] F7hgel] we} 7}
ST o]l foHor FUte AL Aol FAAt GFviHe 7 FAHA AA
el dukg e BEAA F= Aolth(Faust, 1989; Kramer$t Kozlowski, 1979;
Wright, 1989). Park (2002a)2 ##g f-&Eolx Az F7kgk 5 T 95% o]
HAE BuEE vk Ao g i Ee] PR FejEcts s

AR T A4 T 60Y B9k dxTe 4R 54 2 g BE YA
7t gHFig. 2). Az, 194 71X, F0eA 998 799 72 4.3, 3.2, 4.4% 3 A 9t
119 69d&= 28 27, 1.9%=2 2 Zoz zrAastgon #h ArE FrkRod A 7}
2 AgE Aoz yehyth A njgo] SIS E AR TRE Ao BE

2o YRR HAHom Fbete] T 100% 7 el E 1.
Ael7b ATk whd dlzT PEe ARS Az F AFAY WX FREA Tas
S, A2, T2, dTAA 99 74l 42 56, 132, 108% o9 Zlo] 11Y 640
£ 36, 48, 6.1%°) At A wge] FALFE AR R 119 6497

o] BE FHM FoFon FrherAvh da=T9 100% 3o A, 2,
gl Zkoll= 242 17, 3.3, 2v19] = Aolsb AT
Z /44T 27 oz 29 SOk g xTe AR e AR Ezo

R
Sk
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2
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3go=, Helol e 145g0lH 98ge = 74kl th(Table 3). &
ol &5 g7V T HAE o] FUeA =, 80%% 100% ATFE A
Kol Al zbzh 2, 2.3u], Bejol A 4zt 1.7, 3ui7kA] Zbskdeh ey RxEs F
o7 FUbe7I7bA=E 100% A A7t Hasrh e AES AR SHEg B
i 7bE w8 #43%] F718H(Choi 5, 2003; Park, 2002a, 2002b; Park %, 1997;
Yoon, 1996). & Alg vhze] GF7|HEAlA o] 7|7te| AE ko] HAFd AL
ARG T AR £2RHY] WFo2 AZEH(Faust, 1989). #4

Hle 8], 7HA, de e FstES A2 AEAAZ + i (Wardlaw, 1968).
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32 vl dH(Collinse} George, 1997).

18

0% thinning
2 60% thinning
el 80% thinning
¥ 100% thinning
Intact 7

15 + Aerial woods

12

3 H
0
Shoot 1-yr-old Trunk

Sept. 7

18
15 Roots

Starch (%)

12 |

Fine Medium Large

Sept. 7 Nov. 6

Fig. 2. Starch concentrations in aerial woods and the roots on Nov. 6 as
affected hy different degrees of fruit thinning on Sept. 7 in
80%-defoliated persimmon trees. Symbols having different letters
within a particular tree part are significantly different by LSD test at
5%. Also shown for comparison are the values of intact trees that had

maintained the leaf-to-fruit ratio at 20 throughout the season.
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(20000)& 108 Aol TR e 100%E AANE o A% @y Faz <

Table 3. Effect of different degrees of fruit thinning in 80%-defoliated
persimmon trees on soluble sugar and starch contents in permanent parts of
a tree. The defoliation and thinning were done on Sept. 7.

Thinning Soluble sugar (g/tree) Starch (g/tree)
(%) Aerial Roots Total Acrial Roots Total
woods woods
Sept. 7
0 6.7 13.1 19.8 6.5 14.5 21.0
Nov. 6
0 157 b* 172 b 329 b 43 ¢ 98 b 141 b
60 20.0 ab 198 b 399 b 6.3 bc 12.7 ab 19.0 ab
30 234 a 264 ab  49.7 ab 84 ab 17.0 ab 254 ab
100 226 a 381 a 60.7 a 10.1 a 296 a 39.7 a
Intact 22.2 29.5 b1.7 10.2 23.6 33.8

"Mean separation within columns by LSD test at 5%.
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Hg7h 2714 d& fdow UYitAgol dA3 A Tth(Howell# Stackhouse,
1973; Kang¥} Ko, 1976). Y FolA] 84 = 99 APoZ 23 oS3 Eo] =
FAQl elo} EAEH (McCamant, 1988), I ztellAle x7] A9 o] o] o}

of MEAAS AAHAHWorley, 1971)3 333

Table 4. Effect of different degrees of fruit thinning on Sept. 7, 2002 in
80%-defoliated trees on shoot growth in 2003.

Thinning Shoot length (cm/tree) Shoots” Dead shoots”
(%) May 16 Oct. 24 (No./tree) (No./tree)
0 395 b* 599 b 39 b 54/98

60 903 ab 943 ab 71 a 3/104

30 1104 a 1135 ab 82 a 8/108
100 1251 a 1392 a 389 a 1/101
Intact 1266 1263 69 0/95

“Number of shoots were counted on May 16, 2003.

"Dead shoots, counted on May 16, 2003, were those grown in 2002 but found
dead in 2003.

"Mean separation within columns by LSD test at 5%.

Table 5. Effect of different degrees of fruit thinning on Sept. 7, 2002 in
80%~defoliated trees on leaf growth in 2003.

Thinning Leaves Leaf area SLW Total DW
(%) (No./tree) (cm?/leaf) (mg * cm ®) {g/tree)
0 207 b* 358 b 10.82 a 53 ¢
60 449 a 09.7 a 10.33 a 142 b
30 516 a 46.0 a 1058 a 149 b
100 622 a ol4d a 10.40 a 208 a
Intact 950 54.9 10.64 179

“Mean separation within columns by LSD test at 5%.

- 160 -



A olEd 20039 ETel Ag, FY HHS, AN ABFE QP F
gHom A UEsot A3} wgel & !

AP ARFEUAE FolH9 Aolh LA A4 o) 60968
g w F B ABFo FAYG FEOE FAeE Ao Uit Hige A
375 pele QA AL 27) ot
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80% 49 ¥ A% A 2gd o
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ooy gEE AU A% w1 b gy mopdE: Ageldrh Am:

h
56 AT 656 ASTAA ol AS ke EABE HAE 1005 A
F ohand gEs 35} B Ro] Solsqvh

el AzRE 271 9 &40 H FAL 4AND BT ohg AP
FHIE 2 £4% AL &+ AUTh PAs R FU BRHE A
2EA AgPuY B Aol % BraE Fazt o Ash, Aol o
b ARE Reeld o B4R Ao ehu

Table 6. Effect of different degrees of fruit thinning on Sept. 7, 2002 in

80%—defoliated trees on number of flower buds, fruit set, and fruit dry

weight in 2003,

Thinning Flower buds” Fruit set’ Fruit DW™
(%) (No./tree) (No. fruit/bud) (g/tree)
0 180 b¥ 21/34 90 b
60 435 ab 111/130 669 a
80 67.8 a 118/158 671 a
100 725 a 142/175 822 a
Intact 515 119/143 784

“Number of flower buds were counted on May 16, 2003.

*Fruit set shows the number of fruits that set by July 14 out of number of
flower buds.

*Fruits were harvested on Oct. 24, 2003.

"Mean separation within columns by LSD test at 5%.
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A gt ae ALE YWIA(Kangd Ko, 1976; Weiser, 1970)3} o] &3
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i
jinth
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74y 4, 10, 2022 v i, A3 g5 vuwsty] Y3 Ags A @S FAE
FolNE 2002 FAFHAJLG AY F 4HE x4 & dxTE +F, TET F9
Aoz uvbgtort 60%% 80% AFToAMe HAFd FEIF frelHor Frbstsnt
oy BEE 80% HARE FAES FEd o224 Zatgrh e 80%s A
e w AT B PEldA] b FEFe]l diET RO 154 =% 100%
AP e AR SdoA 14w, Bl 22007F =odkth 80% A #HAEAM FH

Table 7. Effect of different degrees of fruit thinning on Sept. 7, 2002 in
80%-defoliated trees on fruit characteristics on Oct. 24, 2003.

Thinning Fresh weight Color Soluble solids Firmness
(%) (g) (Hunter a) (°Bx) (N)

0 _ - - _

60 178 a” 218 b 127 a 249 a

80 174 a 25.6 a 135 a 249 a

100 173 a 23.8 ab 137 a 237 a
Intact 176 243 144 281

*Mean separation within columns by LSD test at 5% level.
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Table 1. Fruit characteristics of the 'Fuyu’ trees with or without leaves.

Leaf Fresh weight Color Soluble sugars Starch

(g/fruit) (Hunter a) (%) (%)

Sept. 4
114 45 50.6 72

Nov. 5
Yes 234 332 70.0 8.0
No 192 309 649 6.2
Significance Hk NS ok

NS *"Non-significant or significant at P = 0.05 or 0.01, respectively.

Table 2. Leaf characteristics of the 'Fuyu’ trees with or without fruits.

Fruit Chlorophyll Dry weight Soluble sugars Starch

(SPAD-502) (g/leaf) (%) (%)

Sept. 4
43.4 0.70 9.3 3.9

Nov. 3
Yes 36.6 0.66 89 5.3
No 15.3 0.77 9.8 8.0
Significance ok * NS NS

NS **Non-significant or significant at P = 0.05 or 0.01, respectively.
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Table 3. Effect of defoliation combined with defruiting in early September on
dry weight of different parts of 'Fuyu’ tree.

Treatment Dry weight (g/tree)
Leaf Fruit Fruit Leaf Aerial wood Root Total
Sept. 4
221 (23) 183 (19) 266 (27) 300 (30) 971 (100)
Nov. 3
Yes Yes 567 (42) 167 (12) 276 (21) 334 (25) 1,345 (100)
No - 187 (23) 288 (35H) 347 (42) 822 (100)
No  Yes 314 (39) - 957 (32) 236 (29) 822 (100)
No ~ - 269 (48) 288 (52) 557 (100)
Leaf (1) ok - NS ok Ak
Fruit (F) - NS NS NS *k
LxF - - NS NS *®
Nb, =

' “Non-significant or significant at P = 0.05 or 0.01, respectively.

Numbers in parenthesis are partitioning ratios.
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Table 4. Effect of defoliation combined with defruiting in early September on

dry weight in different parts of permanent organs.

Dry weight (g/tree)

Treatment
Aerial woods Roots
Leaf Fruit Shoot 1;7 rt—c()ﬂg_ Trunk Fine Medium  Large
Sept. 4
55.3 117.2 93.7 99.2 826 1107
Nov. 3
Yes Yes 675 115.7 93.2 96.0 1089 1294
No 73.2 124.6 90.4 98.4 1179 130.9
No Yes 58.8 1157 82.7 68.2 706 96.8
No 64.9 113.0 90.8 83.2 84.8 119.8
Leaf (L) NS NS NS ok ok .
Fruit (F) NS NS NS NS NS NS
LxF NS NS NS NS NS NS
Nb 4- sk

‘Non-significant or significant at P = 0.05 or 0.01, respectively.
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Table 5. Effect of defoliation combined with defruiting in early September on
soluble sugar concentration in different parts of permanent part.

Soluble sugar concentration (%)

Treatment

Aerial woods Roots
Leaf Fruit Shoot 1 ;rt_%lg‘ Trunk Fine Medium Large
Sept. 4
6.3 6.1 59 187 12.1 10.2
Nov. 3
Yes Yes 9.8 7.7 3.8 13.5 9.6 105
No 9.7 85 87 19.4 11.6 10.3
No Yes 4.1 3.8 3.0 5.0 56 3.1
No 8.4 6.7 6.8 11.4 9.0 75
Leaf (1) Hok sk sk *k dok ok
ILxF Aok * 0k NS NS #

NS % "Non-significant or significant at P = 0.05 or 0.01, respectively.

Table 6. Effect of defoliation combined with defruiting in early September on
starch concentration in different parts of permanent part.

Starch concentration (%)

Treatment

Aerial woods Roots

Leaf Fruit Shoot 317;—;(1)(12_ Trunk Fine Medium Large

Sept. 4
2.7 3.1 3.7 5.5 13.2 9.0

Nov. 3
Yes Yes 4.7 4.4 4.9 4.6 11.6 5.4
No 6.0 6.6 7.3 3.4 17.7 9.7
No Yes 1.3 1.2 1.2 2.6 2.1 1.1
No 3.2 3.0 3.4 3.8 3.6 2.9
Leaf (L) o o o - - s
Fruit (F) 3k 3% Ak w3k 3k ok
LXF NS NS NS 5 NS NS

N> % **Non-significant or significant at P = 0.05 or 0.01, respectively.
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Table 7. Effect of defoliation combined with defruiting in early September on

soluble sugar content in different parts of the tree.

Treatment Soluble sugars (g/tree)
Leaf Fruit Fruit Leaf Aerial wood Root Total
Sept. 4
1124 (59) 16.9 (9) 17.3 (9) 435 (23)  190.1 (100)
Nov. 3
Yes Yes 397.4 (84) 14.9 (3) 237 (5 37.2 (8) 473.2 (100)
No - 185 (20) 25.7 (28) 46.1 (651) 90.3 (100)
No Yes 2034 (91) - 9.4 (4) 106 (5) 2234 (100
No - - 19.1 (42) 26.4 (58) 45.6 (100)
Leaf (L) ok - sk . o
Fruit (F) - NS * Hk ko
LxF : - NS NS o

N> % **Non-significant or significant at P = 0.05 or 0.01, respectively.

Numbers in parenthesis are partitioning ratios.
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Table 8. Effect of defoliation combined with defruiting in early September on

starch content in different parts of the tree.

Treatment Starch (g/tree)
Leaf Fruit Fruit Leaf Aerial wood Root Total
Sept. 4
15.9 (26) 7.1 (11) 9.2 (15) 29.8 (48)  62.0 (100)
Nov. 3
Yes Yes 45.2 (51) 53 (6) 12.9 (15) 245 (28) 879 (100)
No - 8.0 (12) 19.2 (28) 42.3 (61)  69.5 (100)
No  Yes 194 (72) - 3.1 (12) 43 (16)  26.8 (100)
No - - 8.6 (38) 142 (62) 228 (100)
Leaf (L) ok - *o% sk ok
Fruit (F) - NS Hox ok NS
LxF - - NS NS NS
N

Non-significant or significant at P = 0.05 or 0.01, respectively.
Numbers in parenthesis are partitioning ratios.
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Control

Girdling date

Fig. 1. Trunk parts girdled at different dates in 2004 and 2005. They

were photographed on Oct. 28, 2004 and Nov. 17. 2005.
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obY it gAutd R <la] Aol Folxl AYE HIEH 69 3¢ AToA 7t
AR b o 8Y 3Y ATt ook o] Ay v A =
717y F7)8l3(Byun &, 1997; Kim¥ Chung, 2000; Mebelo 5, 1998) 2Fo] &k
H A(Agusti &, 1998; Day9} Dejong, 1990; Noel, 1970)& 71& A+A3 9 A3+
Aoz Ao FAES] FFo]l Wolxy] oz dadch

npebA MERAS 9H Fefol ste AGd A ATk M oA gkl
W7t ZFAola, Al A7I7F wESFE FETdE ¢ F A 2HY RO
FE)E 69 3% AYF7F 135°BxE UlFT 144°BxEt} v wbd 89 39 A
= dETFe Aozt flar 99 39 A FE 155°BxE FoH R E=A YER A
A7l W EarF Z7)v Axeh gyt 3 $ gso] FxlEe] Rl &
olxl ME AF ZA¥E(Arakawa 5, 1997; Kim¥ Chung, 2000)2 =234, 69 3
o Aot #Zo] FEVF e A dEiAe AL AL o] Fo] Aof & AHe

= Ay

Table 1. Effect of girdling date on fruit characteristic of ‘Nishimurawase’

persimmon on Sept. 21 in 2004,

Control 160 b’ 47 b 144 b
June 3 189 a 59 a 135 ¢
Aug. 3 166 b 510 144 b
Sept. 3 175 ab 48 b 155 a

"Mean separation within columns by LSD test at 5%.

2) 9 A%

Adel w37k A F 10€ 1999 HF54A FHSPAD-502)& B W (Table 2), &4

¢

W37 99 w5hE 954 2ee AT 4 Ak 954 G B A
FEe4E Be A%T Bt 0¥ 39 AT A9 B2RA bl 207
3 §9H2) 2ol 7k ATHTable 2).
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Table 2. Effect of girdling date on leaf chilorophyll value and specific leaf
weight (SLW) of ‘Nishimurawase’ persimmon on Oct. 19 in 2004.

Girdling date Chlorophyll (SPAD-502) SLW (mg-cm %)
Control 29.7 b’ 105 b
June 3 300 b 102 b
Aug. 3 31.0 ab 106 b
Sept. 3 359 a 120 a

Mean separation within columns by LSD test at 5%.

NEE 99 39 NI 44 B o ekt 98 30 AT g
o FelHom e e AR FAo B A(Table DT B2 21 Ao 474
o Q20 B5EEs PI194E BN B A, 84T EE A A7 ne
Aol7l fgier), AR 99 39 Aol foHez A e He] SHo)

siabE o] Aot olFo] A ¢
DeJong(1990)-2 3Mdutd & o &
A=, B AgaAE 69 39 A

=
A Ae A HE AYTEdre FIRE 24 E4E sl

Table 3. Effect of girdling date on concentration of carbohydrates and inorganic

elements in leaves of 'Nishimurawase’ persimmon on Oct. 19 in 2004.

o Soluble sugars Starch
Girdling date N P K Ca Mg
(%, DW) (%, DW)

.Control 12.7 a* 72b 074a 013a 173a 101la 020 a
June 3 133 a 58b 08 a 0llc 134b 077b 016 a
Aug. 3 134 a 69 b 079 a 012 bc 151 ab 099 ab 020 a
Sept. 3 127 a 10.1 a 083a 013a 164a 09 ab 0.19 a

"Mean separation within columns by LSD test at 5%.
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i, 649 39 A7 7 Ackrh wbd B e Ao AEFTol 2Tl 194g
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A Fo e A& Sguu e AARA WEoix

2
Ta g AR o)Fo] Fo By Aol A4y wWE(Fumuro, 1997)0.2 ¥t

ok 69 39 @ddtv e Wel Aol gAs A A7l AHer o)f e A
o
o

T olgel @ P AR Sy dRel Peggl HaA wad & ANS Ao
oh. 99 3% BT Bele] Frgge] o] FolAs] AT FHo) Hst o
ol fiol e AYHYonz Rel APl T PP FAL Aol
Choi S(20050)& #AuH# Hs AAM el F A2 44 wart A3 Asia
s, B A}fgowz Aol B5EE sEd2d Y UPETE 2% B
otk e A4 gaE PUNA FREE /194 Fumuro, 1998) 2 o
A AAEE RIS AMARI 2o A4xEATAe] AR oBe HaA

== &
(Cutting®} Lyne, 1993; Grierson %, 1982) A A4F AT o] Ax 342 &= A

SR dedn

Table 4. Effect of girdling date on dry weight of permanent parts of a tree on
Oct. 28 in 2004.

Girdling Aerial woods (g/tree) Roots (g/tree)
date Shoot - to Trunk  Total Fine Medium Large Total
3-yr-old

Control 67 a* 240 a 2i5a 522 a 194a 366a 313 a 873 a
June 3 b8a 193 a 180 a 431 a 58 ¢ 231a 226b 515D
Aug.3 65a 19% a 198a 459 a 122 b 285 a 240 ab 647 ab
Sept. 3 69 a 19 a 198 a 463 a 131 b 203a 222b 556 b

“Mean separation within columns by LSD test at 5%.
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1) JTN B GFHE
Sabubs) A7le] whe SA 0 ST T AolE AP HARAAE T
17 g Wb Weld fo M9 £E 02 vhebkk(Table 5). AT 7HE4T @

go e sy AP oM fFofH o woked, E3] 69 3Y A GE 94gl
2 oz 335g g 39 ool & AolE mTh 8Y 3U 99 39 AT
27k 202, 192g0. 2 69 3¢ Az o wletd #AavF HEA gskth g2 B5 9

PE

4 39 My /He4% FFe] Bbger uixT9 383gd FoHd AolE
ojuf 7} uvokrh ¥ele] & HEAY FHS EE LI TEAN 2 FFe

2 vEgtoy AR Aeols 99 3¢ Ao Ant ghe o AT
AR FEE HEAE T vk R AR SART fteje A el mE
Hazh o & AoEZ vewth Adxe AR FEe] dEzTolM 35g¢ W 6¥ 3¢
Aol A 27ge 2 7Hg @al 993U AgFelAE 40gl®E TP =of feolE
£ F=ed ztol= il #ele A

Aolg wBel Ae At AFFol AE
ATl 2 gy Ay AR @] fedez woked 6€ 39 A
gl 77F 7HE Askginh 69 39 ATE 4lge® Tt 129g9 HlE o 3uje] A}

o7t ggivh F2 B E BPuETEY AR FPo] e Ao ehy
o 89 39 AR 69 383 99 39 AYTA o wah ®ele F AR
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Table 5. Effect of girdling date on carbohydrate content in permanent parts of
a tree on Oct. 28 in 2004.

Girdling Aerielll woods (g/tree) Roots (g/tree)
date  Shoot , . Trunk Total  Fine Medium large Total

Soluble sugars
Control 76a" 219a 213 a 508a 335a 403 a 383a 1121 a
June 3 63a 199 a 187 a 449 a 94c¢ 359a 382a 83.4 ab
Aug. 3 72a 194a 194a 460 a 202b 400 a 357ab 959 ab
Sept. 3 75a 173 a 211 a 459 a 192b 232a 255b 679b
Starch
Control 35ab 112 a 128 a 275 a 129a 696 a 244 a 1069 a
June 3 27b 84a 107a 218a 41c 372b 183a 596D
Aug. 3 33ab 93a 113 a 239 a 86 b 568 ab 246 a 90.0 ab
Sept. 3 40a 94a 121 a 25bH a 100bh 352b 162Z2a 614hb

“Mean separation within columns of soluble sugars and starch by LSD test at
5%.
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Table 6. Effect of girdling date on content of inorganic elements in permanent
parts of a tree on Oct. 28 in 2004.

Girdling Aerial woods Roots

date Shoot 3—13;r—t(())1 d Trunk Total Fine Medium  Large Total
N

Control 037 b* 1.07a 064b 208 a 144 a 127a 105a 37 a

June 3 038 ab 091 a 065 b 194 a 050c¢c 114 a 113a 278b

Aug.3 039 ab 08 a 067 ab 191 a 097 b 121 a 10Z2a 320 ab

Sept. 3 048 a 094a 08 a 227 a 1.02b 089 a 093a 284 b
P

Control 013 ab 035 a 027 a 07 a 066 a 072a 050 a 187 a

June 3 012b 034 a 027a 073 a 014c¢c 053a 04l a 108D

Aug. 3 014 ab 037a 034 a 08 a 035 bc 068a 034a 137hb

Sept. 3 015a 036 a 030a 080a 038 b 04l a 037a 116D
K

Control 060 a 118a 083 a 260a 190a 149a 133a 471 a

June 3 052a 095 a 076a 223 a 052 ¢ 087 a 090 a 229b

Aug. 3 0bB8a 095a 087 a 240 a 1.05bh 131 a 105a 341b

Sept. 3 054 a 083 a 078a 220a 135b 08 a 092a 316D
Ca

Control 062 a 18l a 100a 343 a 037a 132a 13 a 304 a

June 3 050a 136 a 101 a 28 a 012b 060a 113 a 18 a

Aug. 3 057a 129a 113a 299 a 027a 097 a 122a 246 a

Sept. 3 060a 129a 107a 2% a 027a 059 a 1lla 19 a

Mg
Control 008 a 019a 016 a 043 a 040 a 033a 026a 099 a
June 3 0.08a 019a 0l5a 042 a 009 ¢ 021 ab 021 ab 050 b
Aug.3 008a 018a 018a 045 a 020b 026 ab 021 ab 068 b
Sept. 3 009a 019a 0l15a 043 a 023b 016b 016b 055b

"Mean separation within columns of each element by LSD test at 5%.
}. 20059 EA FA}

1) #3543

Table 72 20043} 2005d 9 28] 23 A7jEa dets Hes & JFEEe
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20050 = A 54 S Ve RAejrh HElIAEe] o] AL A=
69 39 A F7F 1.8kg o2 WET 28kg¥ HFoFH R & AolE HY
Table 7. Effect of consecutive girdling at different dates in 2004 and 2005 on

vield and fruit characteristic of ‘Nishimurawase’ persimmon on Sept. 12 in
2005,

Girdling date Yield Average wt Color Soluble solids
& (kg/tree) (2) (Color chart) (°Bx)
Control 2.8 a° 135 a 40 a 149 a
June 3 18 b 142 a 45 a 148 a
Aug. 3 2.2 ab 139 a 4.2 a 15.0 a
Sept. 3 24 ab 141 a 40 a 150 a

*Mean separation within columns by LSD test at 5%.

ol#13k FAtuby] o] ot 4 PaE WA (Table 8) £+ Az HAEZF(Table 9)
o A uERE wle} o] 3
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sk 749
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Be Aolg % F A

2) 20059 & A5

2005 99 162 AAT A WAL 7o
39 A TN A A3, 89 39 AT 2
FE4 @ HGFL 200495 BRI
s

3] 99 39 A7t dE2TF & Aolg Bl Rol

Fo1Hel HolE opiYAw 69
Ao el th(Table 8). 92
EqH e APL HyEd
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Table 8. Effect of consecutive girdling at different dates in 2004 and 2005 on
leaf area, chlorophyll, and specific leaf weight (SLW) of ‘Nishimurawase’

persimmon on Sept. 12 in 2005.

Girdling dat Leaf area Chlorophyll SLW
freiing date (cm?/leat) (SPAD-502) (mg-cm )
Control 69.4 ab” 545 b 105 ¢
June 3 64.7 b 57.0 ab 12.1 a
Aug. 3 73.0 a 549 b 113 b
Sept. 3 68.8 ab 61.2 a 124 a

"Mean separation within columns by LSD test at 5%.
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Table 9. Effect of consecutive girdling at different dates in 2004 and 2005 on
dry weight of permanent parts of a tree on Nov. 17 in 2005.

Girdling Aerial woods Roots
date Shoot - to Trunk Total Fine Medium Large Total
4=yr-old

Control 54a” 335a 2/5a 664 ab 172 a 336 a 66la 1169 a
June 3 42 a 325 ab 275 a 642 ab 126 ab 285 ab 449 ab 860 ab
Aug. 3 47 a 339 a 3lla 697 a 138 ab 263 ab 572 ab 973 ab
Sept. 3 ba 204b 227a 527b MUh 19b 367b 657b

"Mean separation within columns by LSD test at 5%.
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Fig. 1. Insect-proof nets were covered on 3- to 4-year-old branch in 2003 (A)

or whole tree in 2004 and 2005 (B) for non-pollination treatment before
flowering.
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T el A Aae AAAT EFFAME FAdE vF 9 thHasegawa
9} Nakajima, 1990). 3 UFolA Faze} Fazrt X8 29 GEE 2olA X
uH(Hasegawa®} Nakajima, 1990), A28t 7}A]7F G2 AW UF7F ohbg& B Ao A

= Fge 98 2av 9o

L.

Table 1. Effects of open-pollination (control) and non-pollination treatment on

fruit characteristic of ‘Maekawa~Jiro’ persimmon during 3 years.

Seedless Soluble ) Fruit
. Seed  Average . Color Firmness
Treatment fruit ) solids shape
() (No./fruit) wt (g) °Bx) (Hunter 2) ~ (N) dexs
2003
Control 15 2.5 201 12.7 25.6 339 0.70
Non-pollinated 100 0 187 12.6 25.7 36.7 0.67
Significance ok i NS NS o ok
2004
Control 66 0.7 181 16.0 33.9 25.6 0.64
Non-pollinated 100 0 171 155 31.1 30.2 0.63
Significance * * NS NS * *® NS
2005
Control 32 2.0 173 141 26.6 31.2 0.68
Non-pollinated 100 0 176 14.4 20.8 325 0.67
Significance ok ok NS NS NS NS NS

*Fruit shape index was calculated dividing length by diameter.

NS % *"Non-significant or significant at P = 0.05 or 0.01, respectively.

d AEE 20033 2004 el sHRAFETFOIA A2 367, 30224 &l ]
s 2.8, 46 ol FoAQl Aol & mGla, 20050 = SEAG TN B FF
otk MEw 7hA we® A2E 2003dols Aol Yoy URrEE A
20043 20060 SEATTANAM e Py B duider A HEe
o) AAY Aol o] AErt S w7] Wil (Faust, 1989) shEAE T2
=L I ZEE 20399 22 #F Eme 200489 e Aok HdAe] s Ao

Heh F¥H A& 20039 stEAETFAA 0672 2T+ 0.70E T 94

i
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0% Ao} 4 Ego]l WHFHASS Hehd ot BE Sl AE Ak Aol 7t Fo
shA ersivh 200398l HETY FFAG HEAETLL 2 Qe A £
Botn HAE 7] MRz AZ4dv % 4442 AEay] s -05C
Aol 24 B A% ¥ 9E, A%, ARg 248 2 AeH(Table 2), BET
S} SHRARTR FelA Aot wAHA Yol TS AgAe] LhmA g
JEEEE

Table 2. Effects of open-pollination (control) and non-pollination treatment on

fruit characteristics of ‘Maekawa-Jiro’ stored at -05°C for 2 months in
2005.

Treatment Soluble solids Color Firmness
en (°Bx) (Hunter a) )
Control 144 32.8 28.3
Non-pollinated 144 33.0 28.8
Significance NS NS NS

Nb

Non-significant at P = 0.05.

Table 32 A &) Hes & dx7e HHdES qdes A5 A&
1

29E e FuaAE 3 Aolvk FAg FHFolA

AP ed 39z BF ool AT W FAFd g F42 a1 fo
A e UeyA gob B AY dizTdM A7 35S Ao e F2
e APAoez v o] H4AFE & 7 AU wHAM FHIGG FHATE
EAE WHFAAME T Bl A7l vAE gEe] A3 ARt 200497 2005
AR o) U AAC] FIHE DA dopE FRe] GEFo] ajAlHo Ad A7)
7F FEzaidda & 5 v

Table 3. Correlation coefficients between the characteristics and number of

seeds of ‘Maekawa-Jiro’ fruit.

Soluble Fruit shape

Year Fruit wt Firmness Color . .

‘ solids index ‘
2003 0.24" 0.08%  -0.10™ 0.04™ 0.13™
2004 0.60" -0.15%  -0.09™ 0.04™° -0.05™
2005 0.29™ 0.02%  —0.07™® 0.06™° -0.12M
NS, *

" "Non-significant or significant at P = 0.05 or 0.01, respectively.
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Table 1. Annual changes in trunk cross—sectional area and occurrence of water

sprouts of ‘Hachiya' persimmon as affected by different rootstocks.

Trunk cross-sectional area (cm?) Water sprout” (No./tree)
Rootstock

1997 2002 2003 2004 2005 2002 2003 2004 2005
D. kaki 3.0 301 484 53.9 559 9.0 78 96 2.7
D. lotus 33 46 7182 927 1109 22.6 20.0 386 19.3
Significance NS ok % ok * % o *

*Shoots grown longer than 60 cm.

NS % **Non-significant or significant at P = 0.05 or 0.01, respectively.

g 4de] ZAE S A Ee] AYd no T nF 2 ATE
WA TH(Table 2). 200233 2003:d9] 2 Fwl77F 242 55, 64%¢<ldl] wha) gl
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Table 2. Annual percent fruit drop of ‘Hachiya' persimmon as affected by
different rootstocks.

Fruit drop” (%)

Rootstock 2002 2003 2004 2005
D. kaki 55 64 70 71
D. lotus 70 77 16 77
Significance #% * NS NS

“Percent fruit drop was calculated after counting fruits dropped from flower

abscission to Aug. 31 in each years.

NS % “Non-significant or significant at P = 0.05 or 0.01, respectively.

goguts A712 2ele /ANEe] Ad 9 G3eg Ru(Table 3), 2004
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20059 BF olzTrch dausd PEela e Sahee vehiglt 20044
WET7h % wal 68 249 A TE 8% HE BFou feae Feln
fAglch v 20059el = 79 79 AT 7% AEFRG 2% @} fol 4
Aolg w35, 62 723 89 79 AT T3 61%%

SR A 277k BAh e mgEv, 200490 68 242 =T, 2005
dol= 78 79 AR TFAA A% 2Tk 20089 79 79 A FE Ao w ET Y

T0ge] 2 Ao UETh ARAAE 28 BF @) Ae A7l he e
Fol2 WAT 4 AUk

Table 3. Effect of different girdling dates in 2004 or 2005 on percent fruit drop

and fruit characteristics of ‘Hachiya’ persimmon in each treatment years.

Girdling date Fruit drop” Fruit Wt Color
(%) (g/fruit) (Hunter a)

2004  Control 85 a 282 a 33 a
May 4 8l a 294 a 31 a

June 24 78 a 320 a 36 a

2005 Control 71 a 363 b 35 a
June 7 61 ab 409 ab 39 a

July 7 47 b 433 a 39 a

Aug. 7 61 ab 403 ab 38 a

"Percent fruit drop was calculated after counting fruits dropped from flower
abscission to mid-October in each years.
"Mean separation within columns by LSD test at 5%.

2004 kel o) 2005 A= AAsdled dAdst whaviA R 69 249
A F7 7P gk xR ToF 84%<1d wHE 6 &) A
oh Fe ARl Aolzk YA o] I FeA E AFE AR, Axre 3
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Table 4. Effect of different girdling dates in 2004 on percent fruit drop and

fruit characteristics of ‘Hachiya’' persimmon in 2005.

Girdling date Fruit drop” Fruit Wt Color
(%) (g/fruit) (Hunter a)
Control 84 a’ 363 a 3% b
May 4 77 a 377 a 39 a
June 24 64 b 370 a 40 a

“Percent fruit drop was calculated after counting fruits dropped from flower
abscission to Oct. 17 in 2005.
YMean separation within columns by LSD test at 5%.

oj ¢} o] &4yl Qs Y3} ZA(Byun T, 1997; Choi®t Kim, 2000; Mebelo

5, 1998), #4 A7) F7HByun 5, 1997, Kim¥} Chung, 2000; Mebelo %, 1998),
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g F UMY AL sl #HE F8 7HA ol E AWz olEH A E&ta i
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Salvador 5, 2002; Song &, 1992, Yam %, 1993; Zhu %, 2001).
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detector, TCD; column, CTR-1(Alltech Co., USA); column temperature, 607C;

detector temperature, 120C; carrier gas, He(50mL/min) % ©] 1t
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1) Vi = maximum respiration rate, 2) Kn = Michaelis-Manten constant,

3) Ki = inhibition constant, 4) r* = coefficient of determination.

- 200 -



Q=P At &p /L (5
Q= FE37b~=, PE permeability coefficient, Ax 2E&8WZ, t= AHA) 7 ApE
= 72284k Ak, L& 259 FA o)t
28 12 7 sampled! AEE Zodal HE9] 249 oJitstels: VAFIE
& YT 2445 e REs HE59
of wate] Atast olitstEa VAFIE
Sample 2&9 7|AFH#ES L4 F

A BHgHT 550 AEE =)

QO; = (2814%1/L) - 19 mL - hr ' - atm ! - m? (6)
QCO; = (13742+1/1) - & mL +hr'~atm ' - m? (7)

QO 242 F7h&, QCOse o] Ababerh F3b&, L(#9): um)& £ %A ok,

400

w
&)
o

Gas Permeability
(mLhr—1.atm—1.m—2)
— [\~
o S
S S

30 40 50 60 70 80
Film Thickness (um)

Fig. 1. Predicted and experimental oxygen and carbon dioxide gas
permeabilities of low density polyethylene films at 0C. Solid and
dotted line represent predicted gas permeabilities. (Experimental

data: Circles are oxygen, squares are carbon dioxide)
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Fig. 2. Predicted package atmosphere and experimental data for
permeable package of the 'Fuyu’ persimmon fruits at 0C. Package
have 225 £ 5 g persimmon fruits with initial free volume of 120 mlL,
surface area of 0.0351 m” and film thickness of 52 pm LDPE. Solid,
dotted and dashed line represent predicted gas compositions and
dash-dotted line represent free volumes, respectively. (Experimental

data : Circles are oxygen, triangles are carbon dioxide, squares are

nitrogen).
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