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ABSTRACT

I, Title

Studies on Improvement of Fruit Quality and Buildup of
International Competitive Power of Satsuma Mandarin Produced in

Cheju.
SUBTITLES

Part 1. Development of fruit load control in order to improve fruit

quality and productivity

Part II. Improvement of fruit quality by controlling soil moisture
contents
Exp. 1. Eftect of polyethylene film mulching on soil moisture
contents and fruit quality
Exp. 2. Effect of soil moisture contents on fruit quality in

polyethylene film house

Part III. Acceleration of fruit peel coloration for enhancing

marketability of fruits produced in polyethylene fim house

Part IV. Development of fruit depending on harvest time and storage
methods using chemicals to improve fruit quality

Exp. 1. Development of storage methods depending on harvest time
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Exp. 2. Development of storage menthods using chemicals

II. Tmportance and Purpose for Developing Reseacch

Part 1. Development of fruit load control in order to improve fruit

quality and productivity

Because of prominent alternate bearing phenomena of Satsuma
mandarin, severely heavy crop load results both in small fruits and weaken
vegetative tree condition in on-year under natural conditions. In the
following year,in turn,light crop load results in abnormally lager fruits and
low yields. In other word, alternate bearing not only cause the supply of
citrus fruits unstable but also lower the productivity of citrus groves by
decreasing fruit quality. Fruit load control to reduce crop load in on-year
by use of proper pruning and fruit thinning is the important measure to
correct the alternate bearing .

Through the importance of fruit load control is widely recognized,
fruit-thinning is not adquately praticed due to the requirements of much
labour during summer.

In orther to make fruit load control possible by fruit-thinning, this
subtitle was focused to develop chemical thinning methods which can

reduce labour,

Part II. Improvement of fruit quality by controlling soil moisture

contents

(22)
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Exp. 1. Effect of polyethylene film mulching on soil moisture

contents and fruit quality

The palatability of satsuma mandarin fruit depends largely upon a
balance of soluble solids content (degrees Brix, designated as °Bx)} and
acid content acceptable to the human palate. Acid content and soluble
solids content in fruit juice at harvest produced in Cheju were about 1 -~
1.5 % and 10 ©Bx, respectively. Therefor, it is important to increase Brix
and to decrease acid content.

Brix in fruit juice at harvest was affected by soil moisture condition
and, in turn depended upon by precipitation and hours of sunshine during
the period from summer to atumn. When precipitation was abundant and
hours of sunshine were not sufficient, soluble solids content was low.

When large amounts of rain water were infiltrated into the soil after
September, soil moisture condition was well for trees but Brix was low
under such condition because of dilution effect. It is possible to increase
Brix by dry soil moisture condition.

These studies were conducted to investigate the relationship between the
soil moisture condition and Brixt at harvest and to determine cultivation
method for the improvement of fruit quality by polyethylene film mulch,
root pruning, and root pruning + polyethylene film mulch treatment

during the period from summer to harvest.

Exp. 2. Effect of soil moisture contents on fruit quality in

polyethylene fim house

(23)
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Soil moisture contents during the period from non-irrigation stage to
harvest in P. E. film house have an influence fruit width and Brix in fruit
juice of Satsuma mandarin. In common practices, soil moisture content
was maintained at field capacity till fruit width became 30 mm. In this
period, when soil was wet condition, fruit width became large while Brix
in fruit juice was low. Therefore, it is important to determine the soil
moisture condition for high fruit quality.

This study was conducted to evaluate effect of soil moisture on the
Brix, acid content in fruit juice and fruit width in Satsuma mandarin
(Miyagawa Early) during the period from non-irrigation stage to harvest
and to establish methods of soil moisture management in P, E, film house

cultivation.

Part III. Technical development forspeeding up coloration to citrus fruit

for increased quality of citrus fruit cultivated in house

Fruit peel coloration of Satsuma mandarin becomes inferior under high
temperature conditions. Forcing culture of Satsuma mandatin in green
house as well as introduction of super early cultivars advanced the period
of fruit maturation to warmer season. During peel coloration, chlorophyll
disappears while carotenoid pigments accumulate. After disappearance of
chorophkll, the final peel color is determined by the kinds and amounts of
accumulated carotenoids.

Among several factors affecting peel coloration, temperature as well as

fruit maturity has been recogniged to be the must important.this study was

(24)
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carried out to develop handling practices of fruits harvested in hot season.

Part IV. Development of fruit depending on harvest time and storage

methods using chemicals to improve fruit quality

Exp. 1. Development of storage methods depending on harvest time

Cheju island, the unique citrus growing region in korea, belongs to the
coolest part among citrus growing regions in the world. Because of
insufficiency of cumulative air temperature during ftruits produced in the
island are characterized by lower juice Brix, higher acid contents and
thicle peel, leathery flesh. Those characters limit the consumption of
Satsuma madanrin as table fruit, without after ripening,

Shipping of fruits ripened on tree on in store house after picking is the
most important among various methods to improve friut marketability.
Picking of ripe fruit delays harvest and weaken tree vigour. This study
was conducted to find out proper picking time and to investigate changes

in fruit quality during storage.
Exp. 2. Development of storage menthods using chemicals
In common store house, fruit weight loss is induced largely by fruit
decay by disease due to lack of controlling temperatue. In order to control

the occurence of fruit elecay, several chemicals were treated and their

effects were evaluated.

25
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[II. Content and Scope

Part 1. Development of fruit load control in order to improve fruit

quality and productivity

1. In other to explore the possibility of safe application before rainy
season, effect of Figaron, a chemical thinning agent, was evaluated with
early spray in young fruit stage or in 30 days after full bloom.

2. Proper concentration, spray time, and expected thinning effect of

Figaron were inffered with the results obtained for 4 years.

3. Since the application of Figaron alone was not enough to get the
satisfactory effect of fruit thinning in heavily crop-loaded grove, the effect
of additional spray of Ethrel was evaluated.

4. Fruit thinning effect of lower concentration of Ethrel, which don’t
cause defoliation, was examined with early spray in young fruit stage.

5. Effects of fruit-thinning methods on fruit quality were investigated.

Part II. Improvement of fruit quality by controlling soil moisture

contents

Exp. 1. Effect of polyethylene film mulching on soil moisture

contents and fruit quality

1. For the investigation on relationship between soil physical properties

and soil moisture characteristics, bulk density, particle density, and

(26)

IP:14.49.138.138, 2017-11-03 11:31:44



porosity of volcanic and non-volcanic ash soils were surveyed.

2. Soil moisture content and soil matric suction were determined by
gypsum block maded by our laboratory.

3. After analysis weather conditions, P. E, film mulch, root pruning
and root pruning + P, E. film mulch were treated on Aug, 28 after sunny
10 days., At the same time, 3 phase distribution and water content of
soils in the treatment were evaluated.

4. Changes in soil matric suction in the treatments were investigated
to determine effect of P. E. film mulch, root pruning and root pruning +
P. E. film mulch treatment on soil water condition,

5. Brix, acid content, Brixsacid ratio, increase in fruit width, and
relative increase in fruit width were investigated to obtain effects of
the each treatment on fruit quality,

6. 3 phase distribution of the soils and Brix, acid content, and
Brix/acid ratio in the treatments were evaluated to determine effect of
soil moisture content on the fruit quality at interval of 10 days during

the period from Aug. 28 to Nov, 18,

Exp. 2. Effect of soil moisture contents on fruit quality in

polyethylene fim house
1. Relationship among soil physical properties, porosity at 0.1, 0.3,
and 15 bar soil matric suction soil and soil moisture content were

surveyed.

2. Soil pH, organic matter, available phosphorus, exchangeable cations,

27)
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and cation exchange capacity of soil in P. E. film house were investigated

3. Soil matric suction was surveyed at 5, 10, 15, 20, 30, 50, and 80
cm soil depth at the inteval of 10 days during the period from April to
August.

4. Soil moisture content was maintained at field capacity during the
period from heating time to non-irrigation time. From non-irrigation to
harvesting time, soil moisture contents of soil-1 (dry condition), soil-2
{medium condition), and sol-3 (wet condition) were observed.

5. Soil moisture content, fruit width, Brix, and Brix/acid content were
investigated 90, 110, 140, and 180 days after full bloom, and the
relationships among those factors were analized.

6. Relationship between relative incrase in fruit width and that in
Brix in certain duration and between Brix, acid content, and palatability

ivestigated at harvest .

Part IIl. Acceleration of fruit peel coloration for enhancing

marketability of fruits produced in polyethylene fim house

1. In order to investigate the relationship between fruit maturity and
peel coloration, fruits were picked at 10-day interval from 150 days after
full bloom (Feb. 10) until 210 days after. Fruit juice quality and degree of
coloration before and after incubation for 10 days at 20 oC were
investigated.

2. Effects of temperature (5§ °C ~ 25 °C) during incubation were

examined on the distribution of fruits by peel color, decay, weight loss
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and calyx distribution.

3. Effects of bagging fruits with P. E. film, application of
antitranspirant (Anti-stress 350} were evaluated on peel coloration, weight
loss and other fruit quality.

4. Changes in peel color, weight loss, calyx dsicoloration during
incubation at 20 °C were periodically observed at 2 ~ 3 day interval for
20 days.

5. Relations between degree of coloration at picking and peel color and
fruit quality after incubation for 10 days at 20 °C were analized with
fruits of various degree of coloration on the same tree and same picking
time.

6. Differences between two cultivatar 'Miyagawa Early’ and ’Okitsu

Early’ in peel coloration tor 10 days at 10 °C were investigated.

Part IV. Development of fruit depending on harvest time and storage

methods using chemicals to improve fruit quality

Exp. 1. Development of storage methods depending on harvest time

I. Effects of picking time were investigated on fruit quality and fruit
bearing in the following year.

2. In order to understand the effect of delayed harvest on tree
nutritionalstatus, inorganic nutritional components in leaves were analized
at early picking time.

3. Changes in juice Brix and acid contents during storage were

29)
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investigated at one-week interval for fruit harvested at various times.
4. Time occurence and degree of damage were investigated for the

various diseases causing decay loss during storage.
Exp. 2. Development of storage menthods using chemicals

1. Six kinds of chemicals including topsin M were applied by dipping
or inserting chemical into the container.

2. Fruit weight loss during storage was investigated

3. Juice Brix and acid content were periodically analized.

4. Degree of peel puffing was investigated during storage.

5. The occurance of disease  causing decay during storage was

observed.

V. Results and Suggestions

Part 1. Development of fruit load control in order to improve fruit

quality and productivity

1. When sprayed on about June 15 or at the stage of fruit widths of 10
~ 16 mm, 50 ug/ml of Figaron reduced the final number of fruits by
about 30%.

2. In case of 13 ~ 17 of the final number of leaves per fruit in
control plot, number of leaves per fruit was approached to 25 by Figaron

spray alone. In heavier crop-loaded groves, however, Figaron spray alone
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soil moisture content was low the beginning of treatments.

3. Soil moisture content of the treatments was low in the oder of P. E.
film mulch, root pruning + P. E. film mulch, control and root puning
treatment.

4. Brix at the beginning of treatments (Aug. 28) was 6 °Bx, without
any diffrence among the treatments. At harvest, Brix in P. E. film mulch
treatment was 11.5 °Bx, that both in root pruning and root pruning + P.
E. film mulch treatment was 9.5 °Bx, and that in control was about 9
°Bx.

5. Width increase of fruit in the treatments were small in the order
of P. E. film mulch, root pruning and root pruning + P. E. film mulch,
and control.  Relative increase in fruit width in P. E. film mulch
treatment during the period from Aug. 28 to Nov. 18 was 134%, taht in
root pruning + P. E. film mulch was 138%, and that in control was
142% .

6. Liquid phases(same as volumetric water content) in 3 phase
distribution at the beginning of treatments were in range of 33 - 36.5 %,
without any difference in the treatments. Liquid phase in P. E. film mulch
treatment at harvest was 20 %, :hat in control was 29%. Liquid phase
was the lowest and Brix was highest in the P. E. film mulch according to
the results of 10 days interval survey.

7. Amounts of width growth in P. E. film mulch treatment and
control during the period from Aug. 28 to Nov. 28 were average 18.1
mm and 22.4 mm, respectively. Increments of Brix in P. E. film mulch

and control during the same period were 5.5 and 3.5 °Bx, respectively

(32)
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was not enough to reduce the number of fruits satisfactorily even through
labour for fruit-thinning was significantly reduced.

3. Ethrel has been recognized to cause leaf-drop as well as fruit-drop.
By early spray at the stage of young fruit, however, lower concentration
(below 50 ug/mi) of Ethrel caused fruit-drop without defoliation.

It was concluded that Ethrel could be used as chemical thinning agent
with or without Figaron at early stage of fruit develpment. The interaction
of concentration and spray time of Ethrel on fruit-thinning should be
precisely evaluated at the stage of young fruit.

4. Fruit-thinning increased fruit size, without significant influences on

juice Brix and acid contents.

Part 1I. Improvement of fruit quality by controlling soil moisture

contents and fruit quality

Exp. 1. Effect of polyethylene film mulching on soil moisture

contents and fruit quality

1. Average bulk density of volcanic ash soils and non-volcanic ash soils
with Satsuma mandarin were 0.8 g/cm?® and 1.36 g/cm3, respectively.
Porosity of the one was 65% and that of the other was 45%. 3 phase
distribution of volcanic and non-volcanic soils was vaired with kinds of
soils,

2. P. E. film mulching time after 10 ~ 15 days elapsed suuny days in

August play an important role in increasing juice Brix. That is because

3h
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and that in P. E. film mulch was 2 °Bx higher than that in control.

Exp. 2. Effect of soil moisture contents on fruit quality in

polyethylene fim house

1. Soils in P. E. film house used in this experiment were volcanic ash
soil and their bulk density and porosities were in the range of 0.66 ~ 0.75
g/cm3 and about 70%, respectively.

2. Chemical properties of the soils were varied with cultivation
regions, pH was low and available phosphorus content in the region of
Cheju city was higher than that in upland soil.

3. Soil moisture content was maintained at field capacity till 65 days
after full bloom. After 65 days full bloom, soil moisture of soil-1 was
dried with day elapsed and soil matric suction at 0 ~ 50 cm soil depth of
soil-1 at 180 days after full bloom was below 6 ~ 8 bar. That of soil-3
was mainainted wet condition and that of soil-2 was intermidiate between
soil-1 and -3.

4. At 90 days after full bloom, juice Brix was 7 ~ 8 °Bx without any
different soils, At harvest, however, Brix in soil-1 above 12.5 °Bx and
that in soil-3 was about 10 °Bx. Acid contents at 90 days after fyll bloom
were in the range of 3.5 ~ 4.5 % and those at harvest were 0.95 ~ 1.2 %.
Brix/acid ratio in soil-1 was 16 and that in soil-2 and-3 was about 12
at harvest,

5. Increase in fruit width during the period from 90 days to 180 days

(33)
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after full bloom was negatively correlated with that in Brix. For same
period, fruit width and Brix in soil-1 increased 14 mm and 4.5 ©Bx,
respectively while those in soil-3 increased above 30 mm and 2 °Bx,
respectively.

Brix and acid content in fruit juice harvested from soil-1 was

belonged to reasonable palatabilty and that from soil-1 and -2 did not,

Part III. Acceleration of fruit peel coloration for enhancing

marketability of fruits produced in polyethylene fim house

1. Cummulative temperature after full bloom in P. E. film house
reached to 3,500 °C (neccessary for fruit maturation of super early
cultivars in open field) in 150 days, and to 3,800 °C (neccessary for fruit
maturation of early cultivars in open field) in 160 days.

The maturation of flesh also sufficantly proceeded in 160 days.
After 160 days, fruit degreened above 30% at picking changed to fruit
colored above 80% after incubation for 10 days at 20 °C.

2. Appropriate temperature of incubation for acceleratiing peel color
development proved to be 20 °C.

3. Bagging with P. E. film and application of Anti-stress 550 turned
out to be deleterious during incubation for color development.

4. With prolonging period of incubation at 20 °C, color development
continued untill 16 days, whereas weight loss and calyx dixcoloration
increased. Proper duration was considered to be 10 days.

3. In case of fruits degreened above 30 % at picking, chlorophyll
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contents in peel and juice quality after incubation for 10 days at 20 °C
were not significantly affected by degree of degreening before incubation,
though higher contents of carotinoids in peel were observed in more
degreened fruits at picking . Fruits degreened about 10 %, however,
showed lower juice Brix and higher acid contents.

6. 'Okitsu Early’ showed earlier color development than that of
'Miyagawa Early’. Juice Brix was identical in two cultivars while lower
acid sontents were observed in 'Miyagawa’. The idea that higher juice
Brix coincide with better color development, was considered to be applied
to the comparisons in the same cultivars, but not among different

cultivars.

Part IV. Development of fruit depending on harvest time and storage

methods using chemicals to improve fruit quality

Exp. 1. Development of storage methods depending on harvest time

1. In 'Okitsu Early’, fruit harvested on Nov. 2 was considered to be
adquate for storage not for immedate shipping since it’s taste was t0o0 sour
with juice Brix of 9.5 and acid contents 1.2%. Fruit harvested after Nov.
9 turned out to be shipped immediately with juice Brix of above 9.7 and
acid contents of under 1 %. Harvest after Nov. 26, however, resulted in
decreased yield in the following year.

2. During storage, juice Brix didn’t change significantly while acid

contents decreased. Thus Brix/acid ratio continued to increase.
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3. Weight loss during storage was increased by late harvest. Fruits
harvested on Nov. 2 was considered to bo economically stored until Jan.
19 in next year whilefruits harvested on Nov. 9 and Nov. 16 until Dec.
18.

4. lare harvest increased fruit decay during storage. The severity of
damage was caused by in oder of Botrytis cinerea, Diaporthe citri and

Penicillium italicum.

Exp. 2. Development of storage menthods using chemicals

1. In the preliminary test for depression of molds, the effective
chemicals were Topsin M 1,000 X, Rox 100 X, chlorinated lime 500
ppm, CLEENA(liquid) 100 ppm, CLEENA(solid) 5 g, and boric acid
0.125%.

2. The most effective chemical for minimizing total loss in fruit weight
during the period of storage was Topsin 1,000 X.

3. CLEENA(solid) 5g treatment was most effective in minimizing the
physiologycal loss in fruit weight, while least in the total loss.

4. Degrees of fruit puffiness during the period of storage were not
significantly different among the treatments.

5. Though Brix-acid ratio scemed to be highist in CLEENA(liquid)
100ppm treatment, there was not significant difference among treatments.

6. Topsin 1,000X turned out to be superior to various kinds of

chlorides for improving storage quality of Satsuma mandarin fruit.

(36)
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18958 A2y izl B¢ §HR7X Y &L c]2771 10.6% A b]
3o H7H2 67 ug/mIARTE 42.7%2 4 §7129] Hpxst £93) e}
sl gale dAAEZYE (6¥ 18)ol A EFT Holst Hslr dEd
Ael¥ du)e] o] atg Az Yx|FA| ofskeh. Lt FEAMEY
o8 AA gaulo] cist] BYW MF gy (HIW A G
& 202 g 32 272 Juizt 8.5 w|dle] $IE
67 pg/ml AEFE 14584 @AY dule] 718 AXY + ddAg F
A g2ulel 250 WA oidgl et 2L, g g whdellA Al uie}
o] FAg2] o] HE(EhE Aol ol Wil A o s ZAY
Ato] 7} wiRol M ANMZE zizict ezt ohudch Az AHez
A 7 50 ~ 67 pg/ml& whAlF 30do) MdRYo=H ANENE &
+ glthe g A3t

H 1-2&= 198899 AEEAS vepd Zlojth wAlF¥ 224d0] HE 64
13458 ezt S 942 7R 8] g 217} 68.6% o v]Elo
H7HE 50 B 67 ug/ml AXETE 24z} 78.3 U 75.8%2 M ¥ 7IEo] &%t e
A 2F AFY 4 Al drple HILE XA (69 13d)0] AMeld
Baol 5.1 WA 6,622 Ae|te] vlcsiolen, utetrd Ae|F ¢fxjuies o
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2}go| i utedslo] $7IE AbEo] oiyt gl Frbh JFHACL &
3], F71E 50 pg/ml AEZE ¢Jfuly} 25,824 ol4A AU A}AINE BA
th, '87TUE thR-7 wgol 10,6%dl vl3led '88IEE 68.6x2 A o
wohetl, ol '88dxe] ofAlALRA|Z|7} el (FAAREA] AP TEE
15 on U12], '88E 10mm Ui2]) A 13} Azt ZuiA] dL 7)o, o
29 AxZI27 HE A2 2S4E DAY dieleta A"t E¥,
'BBUEE 6 ~ 799 JHEeR Ay st € AT

Table 1-1. Effect of Figaron spray on fruit-drop and leaf-fruit ratio
in 'Miyagawa Early’ Satsuma mandarin (100m above sea level
in Seogwipo, 8 years old, spray 30 days after full bloom,

1987)
Fruit Fruit-drop Leaf-fruit ratio
Treatment width ratio
at spray (Jun,18~Aug.9) Jun, 18 Aug. 9
Control 15, 8mm 10. 6% az) 7.2 8.0(8.5)Y) a
Figaron 50ug/ml 15 8 20.6 ab 10.1 12.8(10.7) ab
" 67 15.0 42.7 b 7.9 14.6(14.5)
" 100 15.9 18.6 a 8.1 10.1(10.1)

z) Mean separation within columns by Duncan’s New Multiple Range
Test, 5% level.
y) Figures in parenthesis are number of leaves per fruit adjusted to

that at spray by common variance ananlysis,
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50 ug/ml 2} 67 pg/ml Alole] AH 2} Aol v|F FAA K42 U

2gt "8TARE 67 pg/mlofA AP FL wbdH,

‘88 = 50 ug/mlo M F

e Ro% Urht JHAUEAZ 7t wiESE § AdALRA BAYHo] g

F AP ex7} dolxle Ao] ohdst $#&HcL

Table 1-2, Effect of Figaron spray on fruit-drop and leaf-fruit ratio
in 'Miyagawa Early’ Satsuma mandarin (100m above sea level
in Seogwipo, 24 years old, spray 22 days after full bloom,

1988)

Fruit width Fruit-drop
Treatment at spray ratio

Leaf-fruit ratio

(Jun. 13*Sept. 2) Jun, 13 Sept. 2

Control 9. 7mm 68. 6%az} 5.3 17.6 a
Figaron 50ug/ml 10.1 78.3 b 5.6 25.8 b
" 67 10,2 75.8 b 5.1 22.2 ab

z) Mean separation within columns by Duncan's New Multiple Range

Test, 5% level.

1989 MU E AJEX|AM gh7lF 25%0] E&= 64 6UFE 84 UriA|
G2H&E =7} 52.4% ld] v]ste] HIIE 50, 67 B 100 pg/ml MEFE
77} 63.2, 72.1 R 71.4 54 #s}22] AxasiEws] Basgen, o
% 67 ug/ml AEFollA 7P AHpE 7t Zck (&1-3).
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Table 1-3. Effect of Figaron spray on fruit-drop and leaf-fruit ratio
in 'Miyagawa Early’ Satsuma mandarin (100m above sea level
in Seogwipo, 24 years old, spray 25 days after full bloom,

1989)
Fruit width Fruit-drop Leaf-fruit ratio
Treatment at spray ratio
(Jun. 6~Aug. 26) Jun, 6 Aug. 26
Control 15. 4mm 52. 4% az) 4.7 10.2 a
Figaron 50ug/ml 14.9 63.2 b 4.2 12.0 ab
" 67 14.4 72.1 ¢ 4.4 16.0 ¢
" 100 15.2 71.4 be 4.2 15.4 bc

z) Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level.

gzhlE HAE Aol HaE FFo] 4.2 - 4.72M ANe|o) vz}
gdeonm waty A2y dGaprt gt thge] F gule Gahgel adE ¢
dxlo] H7HE Aol ¥ G2hu] F77b AR Ach

22 3 AFA AgAINE 27 Gahgol 58 8% 3] ¥ IIE S0
o 100ug/ml AETFE 73.2 9 76,252 A AAARE AAY 4 At LA
AxA g7t 3.1-3.284 M| vixdded 2F davle izt
7.4950) v3lo HE MEXTE 100]4 28 d2pu] ZUIE A H
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Table 1-4. Effect of Figaron spray on fruit-drop and leaf-fruit ratio
in ’Miyagawa Early' Satsuma mandarin (200m above sea level
in Cheju, 15 years old, spray 29 days after full bloom,

1989)
Fruit width Fruit- Leaf- Leaf-fruit ratio
Treatment at spray drop drop
ratio ratio Jun, 15 Sept. 26
(Jun, 15~Sept. 22)
Control 12.4mm  58.8% az) 4. 1% 3.1 7.4 a
Figaron 50ug/ml 11.9 73.2 b 7.3 3.1 10.8 b
" 100 12.2 76.2 b 7.1 3.2 12.6 b

z) Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level.

19900 MHE A ExjollA H7HEL] HEFEel AXAIE eldted 3
AAE FEY A E 1-50 Yeldch gl 12do] == 54 29¢ &
B ey dairl g FA 99 229 Aol &2 =7} 862 H
Ftol 217 15.9mmq] A]7]of 67ug/ml 2] ¥I7}E AEF = 932 M F2]31A o
2go] F71=ddeh. 28uv 22 9.3mm A 7]2) 50 3 67ug/ml APEFS} A
15.9um Al718] 50ug/ml HEFE tie] H|3te] Gf2hgo] tid FIE 7=
stz AN 292 A=A skt oide) u|dte] w2}go] AMuba
oz A uvebhd A& AZ AL AIZI7F 1A} He] G2}st AlEE 7] Ho 4
A7l vl Zolch
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Table 1-5. Effect of Figaron spray on fruit-drop and leaf-fruit ratio
in 'Miyagawa Early’ Satsuma mandarin {80m above sea level
in Seogwipo, 20 years cld, full blocomed on May 17,

1990)
Treatment Fruit Fruit-drop Leaf-fruit ratio
width ratio
Conc, Date of at (May29~Sept. 22) May 9 Sept, 22
Spray spray

Control nm 86x av) 2.4 17.1 a

Figaron 50ug/ml Jun.6 9.4 88 a 2.4 20.0 ab
" 67 " 9.2 88 a 2.4 21.2 bc
" 50 Jun, 16 15.9 89 ab 2.8 26.1 bc
" 67 i 16.0 93 b 1.9 27.2 ¢

z) Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level.

Aed izt B¢ F iz gahulzh 17”0 b3t § 7R AR
B3 2001408 Gl 77t dBH AU, A 9.3 HEFY g2y
= 20-212A g2puje] F7F 27t mlm oLt 15 9mA] AXETE 26-272M
oj/d el gjulo] PIY B2 (A7 Folct,

B X 67ug/ml 2] gauzt @& FolglaInt 502} 67ug/ml
AZex Atolo] Azt [jxb= A EZA] odsdch EX MIEAI|94 4
X% Aol X 2EE AR A] ghatch

¥ 1-6& 50ug/ml BE& 7IE02 HrEe =y A2t A4E gy

-11-

IP:14.49.138.138, 2017-11-03 11:31:44



Zolth, kol HF gahu] v sl ARE}E sk AL 4E
stch g Alate] 72U} HE AR e A7 8L IA ¢
Lcb A1z At @A U] 4 wo| B AR ZAA7| 7} whE
22 Mubdel Uzpgo] FI8IA "ol E¥ Hel3te HE bl AH2AA
8] Az Mok opzl 3j AUFE(hZEA1)Y B gl umiebM gz
2] 2oigof oyt ofx] MIEFe] Azpg A FEIL AARXANE Hrl AR
3] vebdcil & 4 Qlch

B 1-69] Au| &L dA vl Lol cizf ozt Azn4E 10082
g StAlAETL] s Z4srg ulehd Zlojch ‘83 W '90 64 64 M
FAE B2F A2 go] 15%2 A Azt WA VElktch 87d 64 18
AXAE AEI 2T AP on ‘88 - "I R 6¥WI3-16Y HEF(A
24 3} 10.1-15.90w) 2] 2R 2= 30-35%7} H Tl

7 o {7 A 200C oldfellM Wi 7]&o] wE&TR(EHE,
1977) 2l e AXNI A4S AFn, 1977 {8, 1981) &}
zith. Y7E ALREYo] RESTE 7S AR A AV A
H2ee] BF7SS 64 10d HFol 200C o] 4 22 Joirl 6¥ 64 AUXE
Al ‘89, '90, 2@ BF Ax 2yt oA uehd RS ofF 7o HE3] 4
£E 2] ¢ Al7loll AEL] fFoleln A oM {27 HdE ¢
¢ fHEY AxA7IE 64 159 U5 2Fo] 10-15eme] Aj7]olH A3t4g
o 30xH E TAA|H4 ek ZAEFHdrh
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Tablel-6. Analysis of thinning effect by Figaron 50ug/ml in
"Miyagawa Early’ Satsuma mandarin
Year Date of Fruit width Leaf-fruit Leaf-fruit Fruit-
spray at spray ratio in ratio thinning
control sprayed effectz?
1987 June 18 15. Smm 8.5 10.7 20.5%
1988 13 10.1 17.6 25.8 31.7
1989 6 14.9 10.2 12.0 15.0
1989 15 11.9 7.4 10.8 31.5
1990 6 9.4 17.1 20.0 15.0
1990 16 15.9 17.1 26.1 35.0

z) Relative number of fruits thinned by Figaron

$ 712 50ug/ml AbXEo] 2%t 22} 7HAU} 30%ele MA o] FAE 2
AAE(HFE Qv 7-2008E HARETY ANBEE, FHHGE LR 3=
A4, Brlede] F2AEE B4 Azt E 1-70] vepulith

-13-
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Table 1-7. Effect of Figaron 50ug/ml on the reduction in labour for

thinning
Control Figaron Reduction
in labour
Leaf- No. of Fruit Labourx) Leaf- No. of Fruit Labour*)(days/10a}
fruit fruitsz’ to be fruit fruitsz’) to be
ratio thinnedy) ratio thinned
7 357 257 12.3 10.0 250 150 7.2 5.1
8 313 213 10.2 11.4 219 119 5.7 4.5
9 278 178 8.5 12.9 194 94 4.5 4.0
10 250 150 7.2 14.3 175 75 3.6 3.6
11 227 127 6.1 15,7 159 29 2.8 3.3
12 208 108 5.2 17.1 146 46 2.2 2.9
13 192 92 4.4 18.6 135 35 1.7 2.7
14 179 79 3.8 20.0 125 25 1.2 2.6
15 167 67 3.2 21.4 117 17 0.8 2.4
16 156 56 2.7 22.9 109 9 0.5 2.2
17 147 47 2.3 24.3 103 3 0.1 2.2
18 139 39 1.9 25.7 97 - - -
19 131 31 1.5 27.1 92 - - -
20 125 25 1.2 28.6 88 - - -

z) Number of fruits per 2500 leaves

y) Number of fruits to be thinned in order to achieve the ideal leaf-fruit ratio
(25)

x) Number of days of a person necessary for thinning to get the ideal
leaf-fruit ratio of 10a grove, on the basis of 6 days per 10 a to
increase the number of leaves per fruit from 10 to 20,

BAel1e 2E d3u7t 1804l W Aoz s XM= It
2 abatol oj3) ) a AelE © HyHo] glonF A Xslx]| Wolel gic)
TR0 #HE dzhnvl 13-172 e ZReME HIME HEE &
288 FHaAE A&F doA Wzt 5 I 22 AzE /P A
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& FAES glon oA ArXof o AHap olde] L 10a¢ 2.5 =
olth. a2} thEe HF Gzt 12 o2 ('89d %L 10 ol H&)
2} il ERoME= HIHE ARE ANAYE 10aF 3 o FHY
olajmt Rz} Azts g AYPo] 27 oL Hrl AT HUA Fge] R

-]ard 8
A2 A oAl Az} Azt

H7HE Fd 279} 50ug/ml AEFA o 23] Fx7t W2Eo] njd Y
& 2 1-20] yepich Ao g §rE ALE TN datgo] yilen

Fruit-drop ratio (%)

100
s \
60 - \ W
i
n
nnn
\ ] Figaron O ug/ml \
\ \ N Figaron 50 ug/ml
0 L ARV S 1 Y IO N
0 12.5 25.0 50.0 100.0 200.0

Ethrel concentration {(ug/ml)
Fig. 1-2. Changes in fruit-drop ratio as affected by different
concentrations of Ethrel with and without Figaron in

'Miyagawa Early’ Satsuma mandarin.
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2y w27l ¥&FF H2Eo] FrlEAded oA S0ug/ml o] 5%
AN E el BT HolA ¥zt

3 1-32 of2¥ HE7L Gdgol nA Jye BoiFn duu Hury
08 oaY EI FEFF Y& FURIL doy HAE AEE o
Ado] 2% g FAAAFUCL HIIE FAIEFolAM = 50ug/ml o] 4ol
N 23 H7ME AETo| A= 100pg/ml o]4tel A Hedol BAstdct.

Jzfule) Wslg HWE(XE1-8) #7M2 FAXFTolME oA 25ug/nloA
72 ME TN E 12 5ug/mlollA o|n] ¢3pu]7} 35 o] o Mzt 4|
7} =lgtct

Leaf-fall ratio (%)

100 -
[ 1 Figaron 0 ug/mi -
Figaron 50 ug/mi [
80
60+
T
40} ]
20+ \
0 1‘“‘[.__ - ._._.ET_’.ZZ’_&“ ek \W \ N \\ .

0 12.5 25.0 50.0 100.0 200.0
Ethrel concentration (ug/ml}

fig. 1-3. Changes in leat-drop ratio as affected by different
concentrations of Ethrel with and without Figaron in

"Miyagawa Early’ Satsuma mandarin.
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Table 1-8. Effect of Figaron and Ethrel on changes in leaf-fruit

ratio in 'Miyagawa Early' Satsuma mandarin (1991)

Treatment At spray After spray
(June 15) (Aug. 15)

Figaron 0 ug/ml Ethrel 0 ug/ml 7.4 14.0

" 12,5 5.0 22.0

" 25.0 6.2 36.0

" 50,0 6.7 48.0

" 100.0 5.8 -

" 200.0 5.4 -
Figaron 50ug/ml Ethrel 0 4.5 15.2

" 12,5 53 39.0

" 25.0 9.0 -

" 50.0 6.2 -

T 100.0 6.6 -

" 200.0 3.2 -

W(1985)% BIRL SF UM THF 40 HREA o2y 200 - 300k
g/mlofl A A Y2&S Bolo} Yeo| VA st AR o|&s}7] T
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P3rtn sten Galliani S(1975) 'Wilking' girilelld 200ug/ml AME
2 Yy ARuRE ddcha sdch

HEA7|7L e & Aol A W srolM iy 7Yy A
AANE BEY g Aol ER i oyt o] HIEe o A4
¥rhe A= Fasich 2 AHolAe] AXA7 A K7l o4l @R
o My AEL F7FE2 ERARE UHAHE HANE &4 Uiz
B4E ort. tigt A A%]e sxE AXAI} U] U HES oo ¥

Rolth.

A3 A HIpdHol ALY F-o njH Y

27t 2o EFd Al U8 A ST A¥olM %718 50
g/l T EE olA% 50ug/ml 7HEe] ANAIE F 19004 B upejy
th. AEEEd 9192 Fadem A o= 2z} 2lcidsdo] ClgE o) 2}
27t 7Bl H&dcizt ey sl wol B S3of ojggch FAX
Fel 2AzPelx ofle ohold FAzt(cizF)e 2F guls} 16.92
A 23} Hylo] 2] A okotrh MR T E 21,6224 o|AA Hz}
Hlof] B o] on oAy 7H87= 196,524 riy st gl
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Table 1-9. Influence of Ethrel on fruit-thinning effect by Figaron in

'Miyagawa Early’' Satsuma mandarin

Fruit Leaf-fruit ratio Fruit- Leaf-

Treatment width drop drop

at spray June 15 Aug. 15 ratio ratio

n % %

Control 12.7 B.0az) 16.9a 53.7a 2.0a

Figaron 50ug/ml 11.8 8.3 a 21.6 a 62.0 a 1.0 a

Figaron 50ug/ml+ 13,0 8.2 a 196.5 b 92.9 b 6.6 a
Ethrel 50ug/ml

z) Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level.

Hapyplo] UKol n¥ GRS Ay 3 AN Brps o] mE
Hatete] ajo] & 3L Aoz} wel® Ao et e E7H. B
A, A3, F85F H%E BE Q27 e+ ARCHE 1-10),

chit ol ad 7HgTolM &gl FAHA 4 i oA 2z T4
of olaf z4ul7} ol 4ulch Hals| wjio|c

-19-

IP:14.49.138.138, 2017-11-03 11:31:44



Table 1-10, Effect of fruit-thinning on fruit growth in 'Miyagawa

Early’ Satsuma mandarin

Treatment Leaf- Fruit Fruit Fruit Flesh Flesh
fruit length width weight weight ratio

ratio

mm no g g %
Control 16,9 50.5az) 62.1 a 102 a 81 a 79.5 a
Figaron 50ug/ml 21.6 52.9 a 64.2 a 114 a 91 a 80.1 a
Figaron 50ug/ml+ 196.5 57.3 b 69.4 b 144 b 115¢ 79.7 a
Ethrel 50ug/ml

Hand thinning 27.5 53.1 a 65.1 a 121 a 98 b 8l.2 a

z) Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level,

D3 148 2 MelFold A A|(MA)Y BEE Uehd Aotk o
27t W NUTUSE e e ulgol U 2 A ugol Wik

2o wr g ate = Melzh Wialelzt gladed thul olAY FhEo A
vty i Abe T} ol ©ahd|yt ®AE] yairh (& 1-11).
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Distribution (%)
1 20 e [ R —_—

-‘BOmm \\\\‘%60 65 mm L les 70 mm % TOmm‘l

E-R N

100 -

80 -

60

40

n

20

Control Figaron Figaron+Ethrel Hand thinning

Thinning method

Fig. 1-4.  Changes in distribution of fruits by fruit width as

affected by various fruit-thinning methods.

Galliani &(1975)2 whriglol A of ~4f abtefl 93 H2A} WF2}20]
FAAAN 2452 Fxrofi= HElr} glo] algtate] Zo)lSo| wak| s} Kol
thal Bastoleh 2 AlgolA of A shge) ghabulz) ol RE oA
2o gooletrl ke Azpaiae) Lol aubd o BAR S WAato| g}

2 7).
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Table 1-11. Effect of fruit-thinning method on juice contents in

'Miyagawa Farly’ Satsuma mandarin

Treatment Leaf-fruit Brix Acid content Brix/acid
ratio ratic
(°Bx) (%)

Control 16.9 9.5 az} 1.5b 6.1Db
Figaron50ug/ml 21.6 9.5 a 1.5b 6.2 b
FigaronS0ug/ml+ 196.5 9.1 a 1.7 ¢ 52 a
Ethrel 50ug/ml

Hand thinning 27.5 9.3a 1.4 a 6.5 b

z} Mean separation within columns by Duncan’s New Multiple Range

Test, 5% level.

-22-

IP:14.49.138.138, 2017-11-03 11:31:44



TERETE:

3dzhe] A1ap Aelvztzt Ao Fuzis Al71Q) 69 159 BE 27
10-16mmel A 7]ol ¥ 7HE S0ug/ml AIEZ2 2E AT AT £o5%
& 3= AAE 4§ 4 ook FA e HF J2ust 13-17d F ¢
v HIIE ©R X2 5F3H= diu] 250 H 2 A By aas) gL
slole 7R ARE AalHg A ZS i ol g d& 4 Adx|ut 3
718 s dxmtog= BER ¢pvjol HI317] olFul Az FA0
g 23847]7) Wil AR o] 8 vt U o AL AA
718 4e71BE2A g 2R o2 A E( 50ug/ml o|sh) oA 7t
A} A 2HE viehglot whaba] o] Al7lo]l o AY) thHE = §ItEIY] T8
22, Jdg9g Ak YA glo] ZEy HANE 48 4 vk A
g ddrh ot ol~de) H5d A7d Axusg, A FA0E 24
o2 AYrisiol Y Folvh Azt Ao FJE FIRKIFIE ol Fe
SEL AtEol= v o] gldcl.
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M (Carter 5, 1972}, §3], 9 ~ 109 Ale]e] Z9-8k2 2Fe] 7184 1%
Y wxol 9L nAM APl AL Md4H Y EolArt R
A, 1968). 1 olfr= 9¥W of¥e ridl F9rt gEM 28 Fdiole
FZ EYTE 2UE UEoA el 377 Ax D 85 sEge 3
7R A% M H 2} wfFoletar steict,

HEFe WeE 6 ~ 14 oBx Helol alom, EF, $elade), e %4
X, AA #iA, awf 2350l miet ci2ch Z2E2Re] J3EE e gx
o} atzof o3y ZFAXD, YR Brix ZAAF ojR3 7[RA B
T% (soluble solids content, Brix}-& ZA sl ThE(oBx) T HA|SH= uby
o] Ytz o7 Aol Qit} (Chichester, 1959).

B (1972)2} #R 5(1968) 71934 Sokds. 2 pF 4.0 (10 bar)
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2 §A3AS A% ©ert wolAd, B AHelo] o) RIYFE 2US 3
2alH $25tA @ee WobArha stdch E¥, g ALY gl 4 -
79 Alolg] 793 o A4 YEF wond, 9~ 1082 BT

oo} 2 ATATNT Mo} &M 2ol WL HUST YT ol
o, Zeao] AL WYL EUso] Aaslel YEI wolE 2N YT
Tk ol EU ABYE UK A Bl ol B FUHE
spel g EUSEA NES YEF wU 4 = sbsdel vk ¥ 4
it}

mehd, Aol o X $H7R AAREPe] EFLR HF
2 o} o vl MEE 32 Filol o BEYFEE ARAIUCHE 24|
oA M T BHEA Aulolr s} 22 BUY FRAENE el & Ue 7He

do} At}

Eob ujdul el Fdol 7Ha 2 4B nlAe A2 T&H Al
A7)8} M) BA| Eok4 ZAolrt dEe FF B vduF A= 7d 4
£HE 89 SEAo) ARSI glon], HEY ¥ 8d LR REfeiol 22

- 23 %7} E|E &3 Fo] 28 FeT ¢2lA vk B Hld ¥HF
oraErery uhil §2|317] ¢lBhME x| EA 84 A FEZel 10 ~ 154
7+ ghe o] A&E M EogEe] o= E A2 Aefrt FAIHESR 3}
L ol Wit} wetd BAZIE s GRS Fiiste) AR s
of ¥tc} (FHR, 1991).

£ ujdu|E Zuirt ojfolA £ e e BY 2A2 wieTt @
Falojol i, 77 343 B4 R AAY £ ARF AL FAA
g o]folof Rt} &3 wWztel 3t 4t BRI wlE MHE R B
s dAAAA] o] ofAWEIAL WEHAKHMNRAK el vlst] w
o, o|Ze WEERHIE vl o] YIsle] d&rlFe EFFEel 2
zZael2 SR 417 wieel Aos &8 gl (MK 5, 1990).

tm
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ojet & AT HAFEE Hol kAF Aujol o] EAPALL A
A7)0 Egol vl duE-g Arlsle] B4t BQo g R =g Ae)st
3 EQFEE AR, d2ed A3 QR F4E dAx ey
BRuhE 24710 GEF v HHERE 8Y 4 & THsAde] Ax).

whetd £ A kA2 ujeld EELS wol7] #idle] o84 E 4%
2\17Hx B v, w2 9 W+ B uldnE A2 3o MY B
FrEd Wt P v FUE WA kxlaulold 2434 E3g
B2A717] 218 W& HAE] 9131 s gl
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TEREERT

A1A FANEY
AY tA 224 AFE XA L2f Ay EE XL
of, A2 A AN Ee AU 3 glldct

A2 A FAER By 44U ASER
1. &2 43
ZAESRS £EEM TN FTAAA 2 mAE FAUAY ARE AHEH
pressure plate extractor(Soilmoisture Equip.)ollX] 3l BAIEF?]
gAYE Qxjds QY FTIEL core? pycrometert (Klute, 1986)2:%
3ol

2. Bofe] AUNEXE

Bk A7 AAHEEE 84 28 E 114 18971 <F 10d tHLR
BAl 0 ~ 10 cm Alole] EE& core sampler® x3slo] AZAIA FJ4E
wa, gAYs O FIES FEIIL o|EENE AusiAc

AR ThEel A (2-1), (2-2), (2-3), (2-4), (2-5), (2-6), (2-7) %
(2-8)& olgsialrh.

ob = Ms 7/ Ve = Ms / (Vs + Va + Vi) oo s s (2-2)

f=Vg /7 Ve = {(Va+ Vu)/(Vs + Vg + Vg ) oo o o (2-3)

= Vi / Ve = Vi /7 (Vg + Vg oo o i (2-5)

Solid phase (XA4) =1 - f o (2-6)

Liquid phase (QAAF) = Vg / Vg oo s (2-7)
-30-

IP:14.49.138.138, 2017-11-03 11:31:44



Air phase (7]%) = £ - W / V¢ (2-8)

od71M, ps: YALE ob: BRYUE
v o FReEHE 6 : §35EHY
f 338 Ve @ 339 84
My @ Bdeie] B Ms @ P Ee AP
Vo : Z712] 23 Vw @ B 823
Vs ¢ aE9] &3 Ve : B} Mg £3
ojct,

H 3 ESrEY &%
FAERS A7 BEYSE HEA BYL AN HadFe &Y
st4lch.

1. M85 A3
Magge] Azt 22} T4 $E3 35 mesh BE 712 12 m, M2 13
mE RS ChE 1.9 m wire (Ye}E S 0.12\20)0] gto g sl Aajz}
Heol RNg W Alole] H2A T HIHE &L acrylig AHE3le] A
& 22 mm, 3Jo] 36 m?] F-E wHEOlCon, nle] ghEo % AJHE Bl
IFAN F Mol 58 111 vEE A EAZ] gEllg Fol Fof $A3]
22 ¥ AHgstdrt.

2. aas S} BgE W AY2te] #A
M E& FAHA)&= pressure plate extractor (Soilmoisture Equip. )5 o]
il EY-E BHLE At MEE A} B Aty
#AE 2 2-1-13} Pk
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Soil matric potential (bars)

154

0-1 | | [ S | b 1 X

0 10 20 30 40 50 60 70 80

Gypsum block reading value

Fig. 2-1-1. Relationship between gypsum block reading value and soil

matric suction,

M 28F FH A= pressure plate extractor (Soilmoisture Equip)§ Al
B3] FPrEUP LT BiBIACTE, FAIESE pressure plate extractor

of Yol HugHE B3 FFT VU3 ZINUF & Aol ¥H 7}
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olsle] M8 ZAA7 ¢4F £2E VLS o BEYE A3l A=
Zapdog Isldrl. MaEE Jxe FRLUVHY dAe 29
2-1-28} )

Grav. water content (%)

100 —- [ R PR e rem ey

tEi— Non-volcanic soil == Volcanic soil

0 1 1 [ 1 1 S TR R IR —

0 10 20 30 40 50 60 70 80

Gypsum block reading value

Fig. 2-1-2. Relationship between gypsum block reading value and

gravimatric water content of soils.
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3. Ne|7|tF EgaEy &%

EQsEE Y37 #1¢ HudFe] dAle 3 Lol o] 10 cme} 30
co of B2 ¥ soilmoisture tester (Soilmoisture Equip. model 9510 A)R
EAslo] EQ4E 9 EQsE Ao fisiadcl. B4R &A=
9 9YFE 10d NAHLE 119 18U7A] &Asledr).

4. Ae|713F B AEEE &%
Fokatalel gl mokal n) plaEaM Zal)7[o] EA 0~ 10 cnd] E
& 100 cad core sampler® X|2{3le] §AYE, YU, FIE U FY

TEUZE Flo] o|FEFE Absielch

H

0%

A4d EgeE 23

BT 2382 F97t 2 ¥ 109 7 AzZ7|7) 24H 89 28Y0] &
@ Bldu g, 2 W Thd « EQ nlduEg #sle 48723 Eokstol
o2 fAFES st

1. B¢ &g @ vEyy
M- S 0.08 me, B 120 cng] 8 Ml (Clear polyethylene film)
& AHEstadch B9 vduE e p3Alolo] udg Yol 4 Yol ¥
A HolZ2 3R vl Aleli= vld HA} elo] 2o} clamp® WAHBIN 7
271 EBRBE Fol] EYOT AT Rl F sialc)

2. AEAl7] 9wy
BE7NE BEGEE 2] HE Mele FAeFE, B udnyy,
S W T2+ BEQG HEISTE sl
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FAe| s it 2|2 whdol F3te Aelsiact

E uidnEts Fyudg S Alolol W EREZ 79U} 445
z] B3 F sdon, Fert 48] At P2 AAHER w428 A
A stodct,

TATE 3 Y o] 30 cn, & 30 cor} EHA BIIE F& G| ©
Ietdon, Al E9g Halcl.

Y2 + B U ETE w2 g g ¥ B9 nidujd-rel St A3
o] uldg AME3t] FUY Yo' Eofo vidg ¥ Hslc)

A5 d 2HY ¥R, FE Alx W gab) §3F

1. e ¥4 &y

AE7103 2M0e) AU EY4ES 3 $1xlol Ax) FHo o=
LHRel A 10709 S HAFsle] 10U 3Fe2 st Ae|Fojre]
B EE= &3 10708 ¥ & Yot Lspedct

24 H]ThE-E A2JAZ)Q 84 289e) HAS 10008 #lo] The ZAAl
71218} HlchE&-& 73t

g, A% L b Y73 ST e sleld 27] 4l RaAE
7t 24 2 570E ANt BAS Ul YR AES dol 22 ¢
H+= Abbe ZHA (Atago.Typel)F ©]83ld 7184 IHEU (Soluble
solids content)& F3le] W ( Degree Brix, °Bx )2 FA|3}d, Algi=
5Fe] UdF-F NaOHE A A3t AL ol AET FAs}dc).
Aol g, Al U il 8Y 28UNE 114 18¢71x] &3 3)gdc).
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A3 4344314
A 1A HTE SAATE A

9 HdnRe gt gxe] Fol /M FaY AL vEe sjAA]7]o]
th Qi A9 74 Aeie 8 FEvh] AABAL glen, mRA|712 7]
Ago) o] dkg wech IHAZIE A9 & F U ol 159 =
A2ele EQ4Ro] ol AR AXH Fo YA o] FE F7tel F2
Row 43A alct (R, 1991 a, b, ).

Precipitation {(mm)
250

~“2~ Av.'61 - '80

= 1991
200 e

150

100

50

0 U U O N N N0 U VR OO Y WU 1O T SO Y OO Y S Y B
1 2 3 4 5 6 7 8 9 10 1" 12
Month

Fig. 2-1-3. Changes in precipitaion in 1991 and average precipitation

in ‘61 ~ '90.
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28 2-1-32} 2-1-4%= HA('61 ~ '90) W)} 19192 & e
3} QZA4F vERR Aot ZAEA71Q 59 2ENE 79 2E71R12 Z9
22 Pdof H|sle] TS Holm (Y 2-1-3), YRA4= Hdof usle 3
< woldch Wb, 74 o] ¥R 2] £¥II|7R 2] PR3 Hdo )8}
of jolon, YRA|4E W Holdr} (I7 2-1-4),

Hour of sunshine (hrs)

100 -

80

60

40

= <3 Av. '61 - '90
{-FJ— 1991
pl-b—it 1 L b L lodtd b bl b T A
1 2 3 4 5] 6 7 8 9 10 1" 12
Month

Fig. 2-1-4. Comparison of hours of sunshine in 1991 and average those

in 61 ~ ’90.
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‘A EE F2hdolglen, "idEE AdZzle) 3] F2hdo] JtiE &=
golct, 2Ll "AdER FAhdoldled], o|ZE 33 2-1-33} 2-1-40)4
= ule} ol 27|} G2prlo] Fdol wlal P2 Wi dRASIL F
oA ztdutzlrl ukgkr] wigol viehd Axtetn gzl
o uiduly 3R J0oT o3 8dFe F9E 8Y sy 8y
12474212] At F9ado] 97 mEA (2§ 2-1-5) o] 7|7t Foll vl d|jE A
2l sl Eslolch oupstd, 2Hde] BEE &ol7] #IY B vlduEe

Precipitation {(mm)
70 S - i ————

601 — 1901

-t~ Av. '860 - '90 ]

80

T

40

30

20

i@ [
L

{
Jh! : hlIllbbll % A : . 7 [l

10 f k
0% b AT i

8/1 8/10 8/20 9/1 9/10 9/20 710/1 10/10 10/20 11 11/10 11720 11/30

Date of observation (month/date)

Fig. 2-1-5. Comparison of precipitation in 1991 and average thhat in

61 ~ 90 during the period from Aug. 1 to Nov. 30.
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Y& ¥ EQ5E A AR FAAT e Ao] 713 Fa3P7] i
o 7|2 BG4S 84 8YU-FE 12¢71AY 92 U EQgEo| Y
FElE R=E|%17] diFolch ERY, 8Y 229FE 24U7A] U Feye
29 mo oj2lem, of¥ 94 5U7IA] e dol| ALH AT} (1Y 2-1-6).

Hour of sunshine {hrs)
14

—+— Av. ‘61 - 'S80
-B- 1991

I
£

12

10
0

WA

1]

| -

0

o

OUEHLLLLP L e T TS L L
8/1 8/10 8/20 3/t 9/10 9720 10/1 10/10 10/20 /1 11710 11/20 11/30

Date of observation (month/date)

Fig. 2-1-6. Comparison of hours of sunshine in 1991 and average those

in 61 ~ 'S0 during the period from Aug. 28 to Nov. 30.
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wiebd 84 28dol EoF ¥)WIHE, ©hE ol k2 + Eok udn¥ AalE
AAISIdTh vl T8y £8I)71x]e] 294 B ulsle] Holon, ¢
ZAlFE w2 Mot} (1Y 2-1-52} 2-1-6).

A 2A IHNELY g2y 43

1. ZAESS Fely 43

MelA] FAEGY] By g2 ¥ 2-1-12) Yt} f£iUss 0,682 -
0.710 g/emd Helol Sllom, ol M %A S3YULol nisld v u
< Wolrh, iR FIELS YL} W YAUEI} &7 wlFol v)
B3 ol Hlste] ofg zct,

Table 2-1-1. Physical properties of soils used in this experiment

Treatment Bulk Particle Porosity  Grav. water content{w/w)
density  density
g/cm? em3/em3 x 100 g/g x 100

Control 0.710 2.40 70.4 49.9

P.E. film mulch 0.682 2.41 717 48.4

Root pruning 0.687 2.4: 71.6 53.1

Root pruning + 0.704 2.39 70.5 49.0

P.E. film mulch

2. HE|X] FAEGe] +F B4
AeA] FHTERYTL 48.4 ~ 53.1 % o] on, o] YRy Eo} ujy
5 A B} Eo] 22 x Wi E RR|SHE Zof v|Ele e
ololth ols} L EFES ol Y& AFE AR HelH Ay

-40-

IP:14.49.138.138, 2017-11-03 11:31:44



o] zjolol 2yt = FA2 AlololM Qi Flojm, olAE Zeistd A
F71 e B 24 vjxdt 7ozl AA™cl

3 2-1-78 FAERY 7 ER4E AYH AEEE vepd Holcl
g eetoll o] Tate] wl&-S 29 % o]Hil AL 44 % ol AN
27 % olglth. Aol Ao whe} AL WU} gldlon, dake hadln
7\ Z7istelet. Eoda=E ARl 15 bar ofA8] At 18 % o|ol3 Jl4t
< 53 % o|4ict.

3 phase distribution (%)

100 e mam pe et n E..____.___.__ __._.___[. R .........&.g_._ e s . e e g e
[ i :

o
Zz=
%’;’ :;/;/{55 S
o o
== /f?f//;‘/ _., =
% /;_/’/_‘,_-F

40 —%ﬁ 4//
= :///%V

20

T

I soiid phase A Liquid phase L 1Alr phase

I N BN N

0.1 0.3 0.5 3 5 10 15

Soil moisture suction (bars)

Fig. 2-1-7. Changes in solid, liquid, and air phase distribution with

soll matric suction,
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2 2-182 E A B ASEEE Uehd Aotk 1S

—_—

983~ 29.6 % 4ARE 33~ 36.5 %, 7|ANZ 35~ 38.7 %24 Aa|Ft
7} wlstadtt, 28 2-1-72) 2 Aolxe] AaERe) nlmsdled My, Eo}
HEIA] 21718 BEokgE 22E ¥AgRT) ok AzEo] = el

& & 4 olrh,

3 phase distribution (%)
100 -

ST

|

80+ |

Treatment

Fig. 2-1-8. 3 phase distribution at the beginning of treatments (Aug.

28)
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3. AR Eel uBANE aY EUY Boly 4
Azzols ZEPe B s} s ol A8 2] Y2 FIF ¥
5o} glul, olF %) B2)4e) Mol thRe] BoitE Biol 2 Hug
ojach wlehd HANEL} IR EoF BHE ZAsH: A
th.
AEUZAN IHRIE 8 ASI HIABIE 11 AEE s $HUE
o} 3B 2T (H2-1-2).

(Table 2-1-2, Soil sampling sites to determine soil physical properties of P. E.

film house
Soil series  Soil No* Sampling sites
Volcanic ash PREIRS 33 AHEA AAE
soil +2% 76 SAHFE F2E $9¢
53 144 e
LeHE 91 HAlFd 285 H&e
AT 110 Al b A g
| & 122 AMIEA] AHF
Z9% 134 MHEA AET
LR S 159 MHREA] MHF
Non-volcanic VA% B 2 6 A 79 24ke]
ash soil +HF 11 Bt 28-S A¥e
tEE 46 5AH T2 F2hS Al
55 57 Bala $FE ik
A2 69 A 235 2340
g2t 88 HFA Ats
‘8GE 96 A 8§73H 24t
|EF 99 MANEA $EF
4YF 103 WA e AbA ]
o|%F 107 SATE A T4k
LIk 154 B3 3 3d 1412

Not* : B FzelMe B¢} ¥X
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3 phase distribution (%)

100 - .1 S B R | . T

. i )

80
Bl solid phase

60 -

40 1

20 -

- (308
9 9 1
6 9 j

Soil code No.

Fig. 2-1-11. 3 phase distribution of non-volcanic and volcanic ash soils

when amounts of irric: won  were 10% of soil depth.

117l 2-1-112 ¥ 2-1-28] oo #as] A=y AefelM 2ol 10 %
siulEs 2] B3 BslAS A9 AR EE Uehd Jlolch v E
o] 7|Ah RS WF 35.7 % ol on, AIIEE 55 %2 I ES 74 HE
o] woith oA FAUY ZAsloA FUL BT AL FFol BV F

713-e AR ulElae Rl nisted F2 o] M HE n¥rl
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T 2-1-20] Eoo EFgole] 50 %ol sidth= 3o F& A4AUE W
AR T3 2-1-128) Ut} v EolM e 74 A EARA| ¢
F2o] ol B AN Aejoict wid, N EQ F|A4ES B 15 %
2A BN F3 77 w7t EE A Aejolvt. uwlebd FAY P2l 28
S8l A9 71482 B ETL v o sl WA 2 A&

¢ 4 slek

3 phase distribution {%)
120 . J— - e — . e

1ooﬂ§ WS\SN§

80 1

1
|
|
|

.
=
|

|

— —

____Z

Ml solid phase Y Liquld phase [ Jair phase

|
SR |
=

Soil code No.

Fig. 2-1-12. 3 phase distribution of non-volcanic and volcanic ash soils

when amounts of irrigation were 50% of soil depth.
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ol¢} o] AFx= A ES} v|HMH R Fe|de vfg S Aol7} sle
W, 3 A3} BT Fgol At 9%& nAR et AFEe} o] F2
Aol B S)go] 2lol7t = B AMAZLE AY glod, AF
= Egule] 22 ol Hdoleln ¥ 4 Qlth. ER, oA Y xHojA
Bl 33t @0 HE thE A Yol HgAI]= de W SAHo
&g Hnisks Aojrh. meiM Eged 2Asl EY FAE wol
AT A9 HME doR Eof Feldd 425 B A7) Uasd
th.

s, AN 34 B4
84 289 MelAl A HAE E 259 ol MY PEE o 6 ob
olglen], AL 4 % Ugjellrh

Table 2-1-3. Fruit characteristics of treatments at the beginning of
treatment

Treatment Fruit Fruit Fruit Fresh Brix Acid
width length weight weight content
mm E °Bx %
Control 49 4 41.9 51.9 35.2 6.0 3.93

P.E. film mulch 50.8 43.6 56.6  39.8 6.1 4.34
Root pruning 54.6  48.1 71.4 52.4 6.1 4.06
Root pruning+ 91.7 45 4 60.5 4] 4 6.1 3.84
P.E. film mulch
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A 3E AHed By d3

Z} AePd Eo¥3io] 10 cmg} 30 cmollA =Y HEh= O3 2-1-133}
Frh JelA BT Yol 55 TF o, Ao yWgrEH Y
< & Yujdr). FA)el e B 24P 10Y 189712 o )
bar Kt W& AJelE fAFA2n, 2 o|FFElL: AA wolHr)l W
B uidalEe) B9 A2 99 18YFE 104 18U7HR= ¢F 2 bar
& RAElglen], I o|¥FEe FAE} T vt FYoE o}
Aol B¢ viduyTe B9 34 vl 38 AFPE FH38] golH
A 99 189 o)¥FE|:= 10 bar o|s}F fA|5lc)

B9 vl EFe T « B UL ETY Edade] Tt} o2
ol ujgle AZ2Y MR fAH A2 B vidnHo] o) 2 79
BRI} WAE|D Falo] sl EokgHo| AZE ) wfRoletn A
Hrl Eyh A 7)7hS $8le] 92 + B u[duEe] Eokg-Ro] Eof )
el el ulste] W& Ael2 fRE s, o] © + EoF njduly
Toll A wholl &3] #2j7 &S U7 wiwel £ widu]ETo] vl
Egoghe £F Fr¥ol A, FALE HolAl7] wFol et Axel
AL A3ztHc),

&7 B ERe] Hits mEaiie] §irg wierh dBolAe
EHA2 = silverpoly, $HE &R film A | polyethylene FEAF B So|
AREEISL gler, o|FolA HAE HR filnm AR B35S 7 -Fol ok
2o ARV 2 Ao odelA ArHFEI, 1991).
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Soil matric suction (bar)
0

¥

d =4
= =

4+ GControl

101

12

14r -1 om -S-30cm

1° I i L L
9/9 9/18 9/28 10/8 10/18 10/29

Date of observation {(month/date)

Soil matric suction (bar)

0 . ——

2 b=

& P. E. fim mulch

8 -

-

BE\\‘\\H
10+ . o= & o
12}
141 =10 om -G-aocm' )
13 | ] 1 1

9/9 9/18 9/28 10/8 10/18 10/29

Date of observation {(month/date)

Fig. 2-1-13. Changes in soil matric suction at 10 cm and 30 cm soil
depth of control, P.E. film mulch, root runing and root

pruning + P.E.film mulch treatments.
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Fig. 13 continued

Soil matric suction (bar)

Root pruning
+ P. E. fiim mulch

10

141 10 cm "G“GOcﬂ

18 1 1 L 1
9/9 2/18 9/28 10/8 10/18 10/29

Date of observation {(month/date)

Soil matric suction {bar)
1]

a <
=

Root pruning

10

12

141 =10 em  —©- 30 em

15 | 1 | Y

9/9 9/18 9/28 10/8 10718 10/29
Date of observation (month/date)
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A4d PE, A= U gale] FAY d

33 2-1-14x= =] HEE Vil Zlojch MzlA]r]e) 8% 28Ye] ©e
+ 6.0 ~ 6.1 °BxE Ao[7} glalen, 7|te] Zzjte] wizl Bt v|dI&
o+, ¢ B UIEEET, @2, BN &o8 gt Rt 4%
7] e el Eo uYR BRI} 11.6 °BxE Az]A|7)e] ulsled e} 5.5

Brix
12

== Control )
-5~ P. E. titm mulch
11F| % Roat pruning

-5 R.P. + P.E.F. mulch

of A
7+ AN

| 1 k 1 1 i 1

6
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Fig. 2-1-14. Changes in juice Brix dyring the period from Aug. 28
to Nov. 18.
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Fig. 2-1-15. Changes in acid content during the period from Aug. 28 to
Nov. 18.
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Fig. 2-1-16. Changes in Brix/acid ratio during the period from Aug. 28

to Nov. 18.
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Fig. 2-1-17. Changes in fruit width during the period from Aug. 28 to
Nov. I8.
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Fig. 2-1-18. Changes in growth ratio of fruit width during the period
from Aug. 28 to Nov. 18. (Standards were widths at Aug.
28)
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Fig. 2-1-19. Changes in daily increment of soluble solids content during

the period from Aug. 28 to Nov. 18.
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Fig. 2-1-24. Relationship between increment of fruit width and that of

Brix during the period from Aug. 28 to Nov. 18.
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Fig. 2-1-26
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. Acid content and Brix in fruit harvested from trees grown

in different treatments.
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Fig. 2-1-27. Relationship between fruit width and Brix in fruit

harvested from trees grown in control.
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Fig. 2-1-28. Relationship between fruit width and Brix in fruit

harvested from trees grown in P.E. film mulch.
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Fig. 2-1-29. Relationship between fruit width and Brix in fruit

harvested from trees grown in root pruning.
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Fig. 2-1-30. Relationship between fruit width and Brix in fruit

harvested from trees grown in root pruning + P. E. film

mulch.
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NEl 2 HAlsfof 317] wiFolct,

3, A2V|F BYEE Y UEIEHI MY A2AEE fAEHAe
o, 2 the] g + B uiduEFeldon, Fae| e} taFE A2l
718} vl e 2 H2]E oot

4. Mel271ql 84 28U HEL of 6 oBx ojdlen, £RIY Yre B
o vdTHF7} 11.5 oBx, T2} ©f 2 + Y vl &7} 9.5 oBx, F
Mel7) 9 oBxE A4 AHsialch Eok v]du B g Ux|deiy
AM2|gol u|ste] o 3 oBx woton, wizhAd uldu|Hel o3t 2P FA
o] wolrle AL= Lletklct

5. NeE|7|7he 2 ¥R B u|duEy, @33 g+ E
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o} vdulEF, BN ¢o8 Zglch. 84 28UE J|ELE ¥ 4%
2 wclR-e B9 vl 7} 134% o2 ThEpet whE + B} njdulH
77} 138% oldlon, FAe]7} 142% 2A 2} Me|7} ¥3uiclo] 43g v
A ALZ eyl

6. A2|x7]8 Bt BEF A4 33 ~ 36.5%2A4 A2|3t Aol A
o goon, 479 Y Eo} HEIELIL 20.0 % o] FANz|F7)
29% ZA EF H]du|Ho] &3 B Azurt FsArt. 10d NP
ZAR Bt B39} dxele] BAOIA A4S wldIgEIt A1 Hole
o, Yrt 713 wodch

7. 89 28904E 114 8YU7ZX|2 A withrE uduEEI} HF 18.1
mn o)glon, Bxa|F7t B 22.4 mm2A °F 4.4 mn o]Ach o] 77 Eat
o] Ztlare Eor u|dn|E2r} BF 5.5 oBx o|glow, By ¥ 3
oBxZA EoF u]dmiHol oJs) o 2.5 oBxe] Fu A7} Qlglrt.
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AR L Sa Aol £t 270 3 HlAE 5%
ATRA &

g gutdo g o g2t 7hg Aol EQeEe] 2ol £33 wicle)
Z 8 vl Zog oA slon, uldIE ) F-& ALl Ag
37} gt 2eut, A ApfolME IR 0T Edei o] s}
71 wiEeol HIolls 2] ol F7HEE A7l EQ4EE sl +4
7] 28] =g ol e 7§ 2A] A 477 AssR o
t}.

222 kA AulelM BR4EE g 4ol 2 J8F nlAn,
T2 Yol 0.1 bar VAR A" Z¢ o, 7HH, 7] FolAH, iR
3 747t Foldrt (K 5, 1967).

bl A afulol M vltiZ) 2t EQeE 2ALS 42 <xet YA
g FATZL QoI M7 E Bdio] ARMUE FAUTF 24 Ye
e won, tigtt AYLF <= Wolzint. gutql sheA afufoiMe
129 ~ 19 xlolof] 7R 3t 28o] FRBtAlFIN, 2] HAol 30 m}
7R BEQRe] R HElE FRAISIL 2 o] FFEE wE iy
EQeiE HAAAA Al vtl§ At geF ol glch

B4 Aol pF 2.0 (0.1 bar) Wi2]e] 2AstIM JPAL S5} 2|
of o]2rf, 24l wir], 2ol WA F A Yo] AL R AHE
o] o]-go} yolzct whd, BEQFE Yol S5 FUAH 45 an,
24l o] w)chake Zasted apFUo] ©e] wREAte] dojut ©ETt wolx] A
"I, 1982 a).
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B710% BEGFE AL 0.4 bar AZE {AABMEE B¢ 4] 244
8] @xi= 10 °Bx AEE YERD, 0.6 bar o]} o T {R|3lGE B¢ A
9] ¥E&= 11.5 oBx o4& Ul Zlo2 ¥3 glch  ulelr, Ao u)
olg e gxehs o AdE 2 2o R ¢eA Qoh(KER, 1983).

AL&7\HE FEL gl ¥ 115 ~ 1459738 Eao] o) kg w
o, o] 7|3 B¢ EQE ¥Rl AS4E Gy FYUL UL Ao
B sl 2dchIE, 1982 b).

Bk o] 47g0] 200 cn (0.2 bar) 0|32 FAIH sAtele ¥
& g2l v 854 AlZINE £¥II7A] gre F718lA] Q=
Zog oA QrUNE, 1982 a). AHAYEQ 34 7HFdold SR
BEF EQSE pF 2.7 (0.5 bar)oll £tsh=t] £ 10 cn oA+ 30, 40
cn oM 504 ARLen, B4 10 ~ 40 co7lr] HF$Z o 717k B4
Bl 72 Tesh=vls 2043 s Aeh ER HSAel (pF 2.7 (0.5 bar)
o] 2 A& A% U= ¥y 2Pl JEi= 10 oBxo|dlgdn, A2
HElE FAIY Y] AP EE 12 oBxolAto|AUTH B A} hE, 1990).

HFxoA o] she2 el Eokel F-Foll ol ux] ¢x 3pabse
o 4R E A Xy o] Foix| 1 Qlth EokFolA fEe) BHL ra
o MR, AdE, FFEF F/EAE, FERNE § B By 41
of &J3te R|ufxEl=dl(Donahue &, 1983), 7t sL9-2 =ful7} o] Foix| 1 g
= EQY SeA AL v golstn, o7t Fet ol oy EQ
G52 Wt o] thE = AR, 13 Az} Eokgio] 24ale tlieo) nxs
FYE tHE 7Hsidol wcl

wpeha 2 At ZhEe] sheA Azt ofFolR]L ol uiatEE, 5

WA 3B 9 FA iR Eofe] B3 B4 W 48 5AS
Wiz dBo] the712hE EXol ulel EdE HEE 2alsln Eogasn
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ZP0] BE, AbE, ik ul 2pde] ¥ vicle] njAle F¥E W #
st 8= glct.
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A1% AT

1A FNED

FANESGE g2 I (FA) 9L Ahlg 32 e 7hE tdeE 3
deon, UM A E(ES} 29} 3)27) AH M HANE(ES 1) 1
7 2ol ZApstaict.

A2A EQ EAY 432

L g2y 43
BANERY 4254 T4, dAUE 2 FFES MY 12 g A3
of F3talct.

2. ¥ 43
o} phe 2213y, R7I8UYL Valkley-Blacky, 214+ lancaster
¥, X%/ Ca, Mg J K8} Po] XL IN NyOAc] 22 F3jolr}.

A 3E EQsEY &3
1. B2 &%
EorgHol XMoo zpa AR HIEES 4+ 5 10, 15 20, 30, 50
3 80 cmof] BN w2 EY4E IEHIARS tensiometer (Soilmoisture

Equip. model 2725)8, W2 Eok4R REIARS gypsum block& soilmoisture

meter (Soilmoisture Equip. model 9510 A)2 &3 3}c}.
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2. B4 &A A7
EoraBe) &3 A7k 19914 49EE 8u7A] oF 104 BHoe Fst

ot

A 43 EQFE Az

747 RE A7 ] B 2AL RS ol 2
gxstdet. I ol FY¥EE thrAlZ| AR E B-HE Wslo B
48 270 KT Aot AZY Aejrt Hl=F 3idich

o 12 ¢rNe 8|7k AR E GAslelen (A22), &
o} 32 4%t7] AMPAE AL XXE4F 2AE FASTL +Y710f i
oy AZZAL KABIACH (FUNAZ 27). E¥ 28] g AT &
9 1z} 32] 27AE7t =g FAjstadrt (Hax).

thee 2tale] o] ¢ 30 moldE o AAlEden, B4 W
o} 2ol wE, Ate, whahd] ol AL 1991d 4HEE 9UTHA] ZABIGL

t}.

"

A5 e ¥A, BE, 4L W P &3

1. B3] Hst
AL\ 7HE 2pade] ARHEE B FAY fiX HA =Hol e
LRol A 10702] 2Jalg MRSl 109 o &Aslelrt

2. D%, A% § ganle &3

QE, AR 4 Al BWAE AW R 3eld 27 % AR
b 2UY ) A4S AN AP WA Qatslel AEE A8
stel AlY 12] W@ AHgstel Fetalch
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133 23443

A 1A e Al B EelF 4N 2 {Y
1. 3 Qe 84 43
FA RS A Ee] UL v B H3] o Sat2 qlabd
S u|3al2 Eof n)ste] ofzt yigton], FIELE 70 » V= HHHE
ol uj3l} woltl (F 2-2-1).

Table 2-2-1. Physical properties of soils in polyethylene film house

Soils Bulk Particle Porosity  Gravimetric water content(w/w)
density  density

0.1 bar 0.3 bar 15 bar
—(g/em3)}— (em3/cm3 x 100y—(g/g x 100)———

Soil-1 0.72 2.38 69.7 73.9 59.1 27.2
Soil-2 0.66 2.34 71.8 82.8 67.6 26.3
Soil-3 0.75 2.38 68.5 62.7 53.6 24.1

2. FANERY 8 §4
ZAEoke] Zak fHytern] ok Azl BAE 3¢ 2-2-13 Yol
7 EQ4E FolMe 37 $+RUBS FUHETL S Eof nusjo] o}
ou] potom, B EOIME BT Hojst okzh itk
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Grav. water content (%)
100

—&- Non-volcanic soil -5~ Volcanic soll

0 H | 1 1 1

0.1 0.3 0.5 3 5 10 15

Soil matric suction (bars)

Fig. 2-2-1. Soil moisture retention curves of soils.

EG4E 54 FdE B4 B2l o3 HuiA ¥8& e o
Yo HEHPY] UETH S5 BYdM 52 ERYE UolAd, EY
F27 2UYTH FEHIZE Holxle A= ¢3A 9rHDonahue T,
1983), 2, FAEGES EAo] vixLL Z} YoM BR{Y F7
FEgo] Aozt E ALF Hol AFE I EL} v Eoljy Eoke
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¥ B4 FHE BANT EXT2) g3tel O A Fug We e A
Zgict.

3. FAERS] FEFYo Ho3h: 84
Oy 2-2-2&= FFE 0.1, 0.3 % 15 bars] B AN FPeP
grakzte] wAE Jehd Aojt) 0.1 barolld Fakw Yeke FIHo| 60 %
olslol A= ¢ 40 %0]Qlon, F3F RS FIECl E4-F AAN IF
Fo| 70x o]ito M= 80% 2l vehdslch 0.3 bargt 15 barejM e FF

Grav. water content (%)

2
100 —

-+ 0.1 bar ==-0.3 bar =¥ 15 bar

T

60

40+

20

0 1 | 1
§5 60 65 70 75

Porosity (%)

Fig. 2-2-2. Relationship between porosity and gravimetric water content

at different soil suction.
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TEHE FTHEY BAE 0.1 bar?] Az T A%o)drt. oje} e
ATe 380l 75/ EYTRI) Ul njMaEZe Qo] W] ojolz}
2 Az,

TSES JPEES ol WA BAA = 2o Jehdiy (o
2-1-3), oL BEYTE 5 FHol FHEo o3 A H3g = Ho)
EGFZo] ) AujHe T FZ U3 g AlABK= o Mzeic)

Porosity (%)

80
C
©
60 % O
O
O O
oo%
O
40 O
O
20 : '
a.5 1 1.5 2

3
Bulk density (g/cm )

Fig. 2-2-3. Relationship between bulk density and porosity of P. E. film

house soils.
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A 22 39 A B HYY 43

1. FAEGY] By 43

FAESY A 4L F 2-33F Yt} ph= 5.0 ~ 5.8 ol algde
o, R1GEDE 10 ~ 17 x2 N E g4 {71888} vlsidda).
A4 g2 4 we Hololon, H7|EHE= 53 - 76 % Helo] 24l
c}.

Table 2-2-2.  Chemical properties of soils in polyethylene film house

used in this experiment.

Eo pH OM T-N av, Pa05 Exch, cation Base
saturation CEC
Ca Mg K
— % — ng’kg —— me/100g —- % me/100g
Eok1l 58 13.6 0.63 122 13.6 5.4 2.1 76.2 27,7
Eo¥2 51 17.0 0.66 120 6.3 1.9 1.8 588 17.1
Eok3 50 10,0 0,51 20 4.7 1.6 1.3 531 14.3

2. Yt 3e2 2 Al Eode Y 4R

x|y shA ZHEH B A AL ¥ 2-2-3%) Prh £
£ 4.8~ 492 & Aoz} glov}, AFA] Q2 B2 E Aol &7l ¥
Holt} (2§ 2-2-4). o|ZL AF A2} HHFZ 2|99 sp¢2 73 Eob
of ti¥-Z 3B ER M B UFoly o) wWr] wifel veht Az}
ek A2bEcl
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Table 2-2-3. Chemical properties of polyethylene film house

Soil Samp- pH O.M. av. P20s Exch. cation

ing CEC

site Ca Mg K

%  mglkg me/100g
Cheju region
c-1 =d 4.3 11.3 105 3.0 2.8 1.38 16.4
-2 oM 6.2 3.7 388 6.4 33 1.33 14.3
-3 " 59 30 194 56 1.0 1.33 11.7
-4 " 4.0 2.7 188 0.4 0.2 0.66 8.3
-5 ” 54 3.3 175 2.4 1.0 0,97 9.7
-6 o] 50 3.5 23 2.8 1.5 0.8 11.3
-7 " 4.0 3.5 411 0.4 0.3 0.82 9.4
-8 2213 5.1 2.4 578 2.8 1.3 097 9.5
-9 do] 4.8 2.8 331 1.6 1.5 1.43 10,7
-10 4k 45 3.0 617 0.7 0.3 1.28 9.8
Sogwipo region
5-1 ¥4 55 9.0 210 7.2 51 2.35 19.5
-2 =% 4.8 10.3 76 1.5 0.7 0.41 9.0
-3 ~H 4.6 15.4 89 55 1.2 1.07 14.4
-4 EH 53 14.8 112 15,2 4.0 3.53 27.6
-5 + 6.0 6.3 64 8.2 40 1.18 15.6
-6 A3 5.2 83 128 5.1 1.6 1.23 12,6
-7 73 55 8.5 121 33 1.3 077 9.8
-8 ) 4.4 4.8 140 0.9 0.5 0.46 6.0
-9 T 4.8 4.4 295 4.0 1.2 1.69 11.1
-10 A3 4.8 4.7 63 2.5 1.0 1.64 10.0
-11 " 55 8.3 66 8.4 20 1.28 15.4
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Table 2-2-3. continued

Soil Samp- pH O.M. av. P20s Exch. cation

ing
site Ca Mg K

CEC

-12
-13
-14
-15
-16
-17
-18
-19

N-1

%  mglkg— me/100g
AME 47133 168 5.3 1.6 0.56
Al 43115 84 3.8 1.5 1.43
By 40159 86 0.6 02 0.72
" 4.316.2 96 3.3 1.3 092
E® 53139 55 50 1.3 0.46
HE 47164 21 40 08 077
lod 4.0 11.3 64 1.3 0.5 1.13
¥4+ 4.3 6.1 350 1.5 0.8 1.64

Namcheju region

ety 57 91 238 14.3 4.1 3.32
oAzt 54 2.0 393 6.5 3.1 1.94
ti® 5.6 6.7 1238 6.9 3.3 240
obd 4.3 9.7 86 1.1 0.5 092
well 5.216.4 84 7.3 3.0 1.84
" 38164 29 0.7 0.5 0.77
” 50 9.4 80 7.1 2.1 1.89
vhel2 45152 164 12.1 51 2.86

Yo 45 9.9 63 2.5 1.0 1.53

" 45 9.8 49 57 3.3 3.58
Al¥ 50162 45 6.0 1,6 1.28
. 5.6 13.3 89 8.1 36 1.76
" 4.9 13.8 50 11.3 2.8 1.69
" 5.2 13.6 24 2.6 07 1.23

Aol 4.7 14,2 29 1.7 0.8 0.61
” 5.511.8 145 11.8 3.3 3.27

14.1
12.9
8.1
12.3
11.8
12.0
8.9
8.8

23.5
156.3
18.1
14.0
21.2
13.6
18.8
30.2
13.6
21.4
18.6
22.1
24.6
14.4
12.6
26,1
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Table 2-2-3. continued

Soil Samp- pH O.M. av. P:0s Exch. cation
ing CEC
site Ca Mg K

%  mg/kg——— me/100g

-17 " 47158 56 10.4 3.6 215 16.1
-18 " 48140 84 6.4 2.0 2.20 20.5
-19 3 50121 98 2.2 0.8 0.56 12,8
-20  #lm) 3.916.0 47 29 1.2 1.9 18.4

" 41 11.2 4 0.8 0.3 1.38 7.5
-22 " 3.9 14.6 161 1.7 0.8 2.56 11.9
-23 " 4.0 10.6 38 1.4 07 1.33 9.4
24 A 56 7.2 7 7.9 26 1.1 14.7
-25 M 4.9 9.2 48 52 2.1 2.10 14.2
-26 7k 5.1 17.0 18 40 0.7 0.77 12,1
=27 AR 41 11.4 77 2.2 0.5 1.69 11.0
-28 B 4.5 9.7 179 3.6 1.0 1.89 12.9
-2 A 41 152 27 1.5 0.5 1.23 8.7
-30 4 4.9 11,0 52 4.2 21 1.02 11.7
31 MF 4.4 145 39 3.4 07 1.33 11.8

P g (oD e et et e et e e
. . . M

-32 AlF 4.2 13.3 48 24 0.5 1.28 10.8
-33 3pd 51 12.2 63 56 1.5 13:6
-34 " 59 9.1 126 7.3 56 1.8 17.7
-35 § 55 10,7 13 6.0 1.8 3.27 15.5
-36 ) 4.8 7.9 50 34 1.3 1.33 11.5
-37 ) 54 8.3 16 54 2.1 1.33 11.5
Pukcheju region
P-1 oY 50 7.2 96 46 1.5 1.13 9.9
-2 A=A 4.3 12.2 72 4.0 2.5 251 15. 4
-3 A& 59 9.3 608 6.6 15 1.82 12.1
-4 ME¥E 55 13.7 214 59 3.6 0.51 14.4
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Region

Fig. 2-2-4. Soil pH of P. E. film house soils.

3y 2-2-5& A9E 71EHRE VEld Aoz Xy
2L A o] N E} v E R Hds] PR wfFo vehd

Addl, $8 HABES} FXFo] ¢l
2 11 % Wl § JEp2

Aol 7} Act. o]

HHFE MAEAY RIERD

HIHAIBE 2]Q] AFA] xolA

4 % olsH&

PR FIUOBAS] EoF el

UeblR gich. BN #7182
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st PR EolAe) 4718E TR

¥olg 471524
A3¥e] EQRAE HAR slol T4u3 BIIYE st

A ks Ao daA glch

Azt gelde) Ao 2 dus
t 9

QRulE} A 9l
e uluje,
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_

doe FEPLeEAM A

matter (%)

Organic

kch

P

Region

nient of P. E. film house soils.

Fig. 2-2-5. Soil organic matter co
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a9 2-2-6& = d A4 gaAE Uvehd ez A 2d2 BI
300 mg/kg o428 CIE xYo] visle] VA3 wrh HiEE A& I
Z2E fen, &

A Fashs o] tihd] wol 2 F e FA%t
Algel Rzt ol ciEe] AldA] ZEN B Qibgo] @it UE

Available P205(mg/kg)

350

.
_

1 A ! 1 i
o o (=] o (= Q
o w3 o D o o]
m N ™~ - -

Region

ils.

ntent of P. E. film house so

Fig. 2-2-6. Available phosphorus co
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34 AF FEE BT USE U 4 odrh HIHIHES} of 2 xix]3}

£ AFA] AofA] At fHato] & 22 v E MY FTlA
AA] o] iR Eof Al o] Qlatau]Ref YR ¥& mid e
A3 $t7] wiEol viehdt Azjetn AzHch Wajzkx] Eoh Qatel A
Pl B A w2 YR 3] A1E goul oAk g PE
of #3le] sjdslof H A7t urh 2 FolME Eoh Hetos FEajsl=
Uitol 23 njRPLe] AYPA $2 EAHYol Uehd 7Hedo] mi¢ wo
o, XHF olo] AR AFE o]Fo|xjo} Y 2o Pz},

ol
AA
]

K1
9

Exch. cation (me/100g} Base saturation (%)
20 65
B Exch. Ca Exch. Mg ] Exch. K

161 &2 cec ] Base saturation | 160
0 ss
/ / 145
\§ % . % \ L2 1] 4

Seogwipo Namcheju Pukcheju

Region

Fig. 2-2-7. Cation exchange capacity, exchangeable cations, and base

saturation of P. E. film house soils.
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A2 Cag] TS 2.6 ~ 5.2 m/100g WHE SAEGoINS P 1)
Seb], AT Mget KE S Qb Bk} wlwdtdct (21 2-2-7). 28
L}, oo @] A5 Eofol n|ste] WA &7 dFo] AIEHE
L 45 - 60wo] Esit uwielM 1EMY 5o MHu|EE A8l BY pH
o} @A o] YV wolM AR AZITHEE FAY 5 U=F B
of & Zlog ABziHr}

A 33 AEAHEE At 54

Table 2-2-4. Cultivation chracteristics in P. E. film house of

satsuma mandarin

Soils P.E. film Heating Flowering Non-irr- irri- Soil
covering time time igation gation  moisture
time time saving  condition

time

Soil-1  12/3 12/26 2/4 4/12  5/8 Dry

Soil-2 12/15 1/15 2/25 4/6 5/3 Medium

Soil-3 12/16 12/21 2/12 4/20 5/15 Vet

43 BAE BOTE Y BAY Uy

oy 2-2-8, 2-2-9 W 2-2-102 ubZi¥ 65U N 180UFIR]2] FA|ESE
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dol'd EQ4E Fe) WS viehd ZHolt), Bt 18 BEQSE FYL
7R 80 7hA] St YelR FAIE A2, 3ol Aoy wiel AxE o
UAF 180dol= B4 50 co 71X EG4E o) o 6 ~ 8 bar B
A2 el F F=stact (29 2-2-8).
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Fig. 2-2-8. Changes in soil matric scution of soil-1 (dry condition)

06-

IP:14.49.138.138, 2017-11-03 11:31:44



EQ 2& W 80 7l B 13 vl eVt RA=Hgden, 7|
o] Zztgtol wiet A Azx|glent A 7|0 I3 EQE H¥o] EY
loj u)dte] ozt wiolch( Ty 2-2-9).
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Fig. 2-2-9. Changes in soil matric scution of soil-2 (medium condition)
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£} 38 BT vIF 65UFE  140U7IR] M EFolA] XL
goie] gt AelE fAIE A (27 2-2-10).
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Fig. 2-2-10. Changes in soil matric scution of soil-3 (wet condition)
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A5 gdx, adx W G FAH 8y

NE7| 05 28 B "= 08 2-2-113 gk A 093 3
Aol gl 2R 7~ 8 oBx Heloll et Y I AR7|N0] R
ol whet F7hElo] BEoF 13} 28] e 2 wF 120470 10 °Bx &
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14 e
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—¥- Soil-3 Oy D

B 1 1 I\ 1 i 1 | 1

90 100 110 120 130 140 150 160 170 180

Days after full bloom

Fig. 2-2-11. Changes in Brix in fruit juice during the from 90 dyas

after full bloom to harvest.
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29} 29} P Y 17097300 10 oBxojglon], $H7lel 11 oBx W}
& Jeiddch ER, E} 39 Mo gxE A2UNF S| I3
2oom, s¥7]o)x 10 oBx o]3hg Yehidct 447 2Hle g B9
AzAeld A 7|0o) A4 woleh

Acid content {%)
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Fig. 2-2-12. Changes in acid content in fruit juice during the from 90

dyas after full bloom to harvest.
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871 AEE TY 2-2-129} Po] TF 90UAel 3.5 - 4.5 % A}o]
of AUen, +¥7ol= 2 EatollM 0.95 ~ 1.2 wHel2 ojzr) Az
HhE Al AR B 12 ASYEHE #2T EQ 339 s aols WE
f2lem, 870 viejs EokaRe] BAglo) el Ales ofr]
AE nyry,

Brix/acid ratio

20
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16— ; -

1 { H 1 1 It 1
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Fig. 2-2-13. Changes in Brix/acid ratio in fruit juice during the from

90 dyas after full bloom to harvest.
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AL&7174F Fam)e] wWEh= 33l 2-2-133) ol wA¥ 90l A ahy]
= 2 iR B Aolr} gl tiF 110YFEE EY Alol§ B
FY7oe BY 1dM= 16, B 22 3& 12 vf9jolalrt.

A6 H AKINF BT A g, ¥7 U gabiet B

wt7] ¥ 90 FAY FAEY EQ Aol R Yelgt g, ¥F
g whabe|ote] Al I 2-2-149) Pl B4 YL EY P EQ
Zolo] uwlzt e} 0.1 ~ 2 bar ]2 xjo|7} g o}, 4] Y= 7~ 8
oBxZ#4 Bt Alo]7} glglct. o] Aol EQGE 2AY Mol olert ¢
58] Aol FA] ¢oket. ¥R Are Bk Zo #AYe] 45 - 50
m FEHon, gihE 2 vjeslct

23 2-2-15¢ N 1108 ZAstaE W 2 Boke] 4F ¥ Al
Z=, U7 Y grhulg vebd Zlojrh. B¢k 12 B 0 - 30 coollM B
2 AHL 4~ 10 bar, EO} 2= 2 ~ 5 baro|glen}, Bilo]l UZ4H Eods
B A welth EoF 39 EokgE2 Eo 13} 20] vldted zhGE Alefol
ek,

o] wlo] 2] W ok 1o] @ 9.5 oBx, EoF 27} 8.5 oBx, EY

32 utARF 90 Aol Wxeb wissidich. ¥F L B 1olA 50 mo o]3lo] o]
om, Bok 20fM= ¢ 50 mn Feololrt Tahils B 1o 3.7 FEE
A Xk 22} 3o wldle] gAlTh o] Al7|RE EQsE 2o wiel Y
o g WAt dikg e Hog QAgc) dEe AF sheA Ay
oA ZEi= ThAF 85¢ ~ FHI|IAY B EQTE AYo] F4F 4
o] gx 77t & 22F oA Sk, 1982 a, b).
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TR 140 A2 EQ 4F 3YS 29 2-2-163 ol BEY 1°] Tt
} wotm Eor 27F 2 thgoldlen), ¥ 3o Wolth s EY 10 &
11 °Bxo|¢l. EoF 271 9 oBx U & Jehlden, 9 32 ¥ 9047
2] g9} & ajo|7} glolch. AzxY EUz AGN B EE Aol ¢
3 oBx Fxolgirl. A A= EYTE Yol ¥&TH A, EVTE
Aol WE4F YAo] Zrh of wWY P 4.2 ~ 7.8 B EYTFO
A29 E2494% woirh (1982, a)e AF shpA Aujolx wrE
115 ~ 14592] EokaHo] zalel Fotel 7 2 BE ulXd, o] 7|7y
HF B ARG 0.6 bar o) FASAS o, dEE ST Al
2GR Eodell wisle] oF 1.5 oBxA & golzria #1edr),

39 2-2-172 UI¥ 180do] Bl ¥y BT FYH3 Hx, ¥
Z W gahlE Uehd 2o BEQeE AYE BY 1, 2, 39 ¢ME wU
t}, ¥EE £k 10] oF 12,5 oBx o|qlx EoF 27} 10 ~ 10.5 °Bx o]glony,
K9 32 9.5 °Bx 0|3t Worh AL ¥ 1o)AM& 55 m i8], BEY 2=
63 m, £ M= 70 m o] P2 ARITF EYsE Yol wA FA
% EQU4E U Aotch bl B9 104 16, B 29} 344
12& Jehjalch

A7 A 2 iR ST B

A ¥Ao] 30 m oS wf FAlol g AHAISI =AF 90 -
1809 Afele] =4 wichzt We] Friele] BA= 27 2-2-183} go] 2}
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A vitigle] 48 Sk ylalc} (Y=31.2-3.84X, r =-0.893 **), o] 7|3}
TU B A2t HEE FRIE 7130 A4F{ uniE Aotey, $9a
2 & o2 et} o] 713F 24 7 vtk 14 m 9] AL o
S 8 oBxolld 12.5 oBx o|At2.g o 4.5 oBx FE|rt. 1] ¥A wty

Width increment (mm)

40 :., et e . —— m——
1 i (3 Soii-1
i soil-2
+*  Soil-3
a0 -
b
*
*
20 r
CFJJD
10 o
@)
Y » 31.2 - 3.84X (r=-0.893++) O
0 S S 1 _ | - l__ -
Q0 1 2 3 4 5 6

Brix increment

Fig. 2-2-18. Relationship between increment of Brix fruit juice and
growth of fruit width during the period from 90 to 180 days

after full bloom.
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7} o 20 mm Q) 2] PX= 7 oBx UjoflA] 10 ~ 11 °BxE ¢} 3.5 °Bx ¥
ot 22, o] 7|t U EYE AZRYER FAA7IA] B3l 2AE%
ZelE FAIBIAE dl, 2Pde B vlelS 30 m ool en], FrE 10
°oBx o|8hg RojFgirt. THAA]l 27)e] HAHL o 30 m B wRdjgonl
B A2AE P 7o) wlel ¥ 2 A7 4 20 m BE o7}

Brix
16
O Soil-1 ]
(1 soil-2 |
b soeil-3 j
14 - -
O
o Q
12+
s
10
*x ¥
#*
8.—
6 —_—d i | 1
55 60 65 70 75 80

Fruit width {(mm)

Fig. 2-2-19. Relationship between fruit width and Brix at harvest.
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ARen, FEE of 3.5 oBx xjo|7} lolc). BAz Ae|rt RAH 7|0
2] ¥ voig S 2 d8E Ao, BEYgeE o] 0.8 bar
o de s Fx|H 7)Zto] 80 ol FASIAE BE WEE 12 oBxF LIER
m, 10 ~ 204 ¢ FAHAE BF =& 9 oBx FxelR dgdct (I,
1982 a, b).

37 2-2-19¢ EQ4E Z2U0] thE EQlM 4y il ¥4 gs
2ol AAE VIENR Folth. B AR Ra] 717to] 2 o 161N 4%
gk 2ol B3 o 60
of A ¥yt 2Hde] MUAE o 60 meE R AN en, Px: 11 oBx U
eloich = 3o ¥ o] HFL o 75 m Fk ojgdod, e
10 °Bx o]slolgitt. o|9} T AzH= JIIFF(1982, b)7} +¥7] 2}ale] 277}
4% e wErt won|, 24 Ar)e gl Rel wA7L Qi B
A%y Aeh Falsiedch 2] Arie} gl AAE A4 AU 4
& 2o HHHAI 33, AErE 2 RN 2 Ao B3 UK
¥, 1983: JII¥F, 1982 b).

O 2-2-202 Y7) 2] dEe} Atesle] #AE Uehdlelct g
Fo JlaeE kgl ot Atk oA e, Ay 3= @R
(Y)s} AP=(X)8] BAZL6X + 8 > Y > 85X + 6 ol w2 &3 QUrHA
EMEAKEEFGREBR, 1983). £oF 19 B4R 2ol #8334y
o] gEg} AlsE AR 3% Helo] dUen] ol kAzju] RE 230
H3lo] P of 2.5 oBx ¥ At=E ¢ 0.5 % W& FlolthHky %,
1991). B&F 29} 3olM I Al gret At AY 7135 Hele] A

=z ekoltrh.

olsledon, ThEis 12,5 oBx olAtolgitt. EoF 2
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Fig. 2-2-20. Brix and acid content in fruit juice harvested form trees

grown in different soil moisture conditions.
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& RABten, B 2 B 12} 28] FMMER /)t
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7) ok 1, 2 W 32] B4R Uz} P@EE 10 bar o]sie} 125 °Bx, 9 5
bar L]2]2} 10 °Bx B 3 barg} & 9 °Bx 2A EQ4R Aol 5&4F (A
Z H45) 5= widrh

2%t 2jAle] WAL ©WE (Y=21.3+0.169X, r=0.839**)2} cro¥Rg
2477121e] A ook Bo] AuBASL vtk (Y=31.2-3.84X,
r=0.893**).
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Fig. 3-1. Number of days after full bloom and cummulative air

temperature in heated P, E. film house.
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Table 3-1, Effect of number of days after full bloom on fruit in

development and fruit juice quality

No. of Flesh Pell Brix Acid Brix/acid

after full ratio thickness content ratio

bloom
150 83.5 1.3 12.4 1.68 7.38
160 85.2 1.3 13.2 0.90 14,67
170 84.3 1.6 12.7 1.19 10. 67
180 83.8 1.7 12.2 1.44 8.47
190 85.3 1.1 12.6 1.20 10, 50
200 82.9 1.8 13.0 1.37 9.49
210 76. 6 2,0 12.2 0.83 14,70
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Fig. 3-2. Changes in distribution of fruits by peel color as affected by
different number of days aftter full bloom.

(Figrues in legend indicate the degree of coloration)
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Fig. 3-3. Changes in distribution of fruits by peel color after incubation
for 10 days at 20 oC as affected by different number of days

after full bloom.
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Table 3-2. Conditions of incubation for peel coloration

Treat, Range of Average Range of
temperature (°C) humidity humidity
(C) (%) (%)
15 OC incub. 14.3 - 15.5 60 50 -75
200 ” 19.2 - 20.5 75 70 -90
250 7 24,0 - 25.5 72 65 -82
Semiunder- 20.6 - 22,0 85 81 -90
ground house
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Fig. 3-4. Changes in distribution of fruits by peel color as affected by

incubation at different temperature for 10 days.
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Fig. 3-5. Changes in juice Brix, acid content, Brix/acid ratio and weight
loss ratio as affected by incubation at different temperature for

10 days.
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Fig. 3-6. Changes in fruit calyx discoloration and fruit decay ratio as

affected by incubation at different temperature for 10 days.
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Fig. 3-7. Changes in distribution of fruits by peel color and weight loss
eatio as affected by Anti-stress 550 treatment and sealing with

P. E. film during incubation for 10 days at 20 °C.
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Fig. 3-8. Changes in Brix, acid content and Brix/acid ratio as affected
by Anti-stress 550 treatment and sealing with P. E. film during

incubation for 10 days at 20 °C.
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Fig. 3-9. Changes in calyx discoloration as affected by Anti-stress 550
treatment and sealing with P. E. film during incubation for 10

days at 20 °C.
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Fig. 3-10. Time course of changes in distribution of fruits by peel

coloration during incubation at 20 °C,
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Table 3-3 Effect of duration of incubation at 20 °C on peel color and

carotenoid contents.

Days after Color chard value Carotinoid
treatment content
Average Range (mg/100g)
Before treat. 1.265
2 7.5Y8/12 10Y7/12 - 10YR8/12 1.537
4 2.5Y8/12 7.5Y8/12 - 7.5YR8/10 2.017
7 10YR8/14 5Y8.5/10 - 7.5YR8/10 1.877
9 7.5YR8/10 2.5Y8.5/12 -7.5YR7/16 1. 898
11 7.5YR8/10 2.5Y8/14 - 7.5YR7/16 2.333
14 7.5YR7/16 2.5Y8/14 - 5YR7/14 2.915
16 7.5YR7/16 10YR8/14 - 5YR7/12 4. 306
18 5YR8/8 7.5YR8/10 - 2.5YR8/6 5.295
21 5YRB/8 7.5YR8/10 - 2.5YR7/12 -

Ay Fgdog o Hi A7lt 169 o[ FA oluiite s2E|wols
gRE =2A F7h stk
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Fig. 3-11. Time course of changes in calys discoloration, fruit decay and

weight loss during incubation at 20 °C.
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Table 3-4. Effect of peel color at harvest on peel color after

incubation for 10 day at 20 °C.

Average degree of Chlorophyll Carotinoid
coloration content content
Neld | ANa¥E | AMad | He® | Aea Ael¥
70 100 1.163 0.543 0.909 1.463
50 99 2.088 0.690 0.578 1.201
30 95 3.588 0.736 0.516 1.009
10 84 5. 487 0.620 0. 434 0.688
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Table 3-5. Effects of peel color at harvest on juice quality

Peel Before incubation After incub, at 20 °C
color at
harvest Brix |Acid con. {Brix/acid Brix Acid con. |{Brix/acid
70 14.0 0.94 14.9 14.1 0.93 15.2
50 13.5 0.97 13.9 13.8 0.94 14.7
30 13.5 0.94 14.4 13.4 0.92 14.6
10 l 13.3 1.09 12.2 13.2 1.04 12.7 J

2 ARl A7 B¢ AABEAT HZ AL A Mo @E7t wil
AE7} 1.0 % o 3tE wtol a7t 1401322 woL7) wiEoln o2 HH
(1900)8] Al@Azet YA Holdrh & o olstd %A TE A
Raze aAzt AFe AAE=e #A7 2o FYA e B2 w32 A
©7} wol wahizt weRe BAEETL 0)$ eglont $¥xlof Ato] uol
whahul 7} e AL A A& o} wigron 20 oColM el 2 A
2 y=-58 3% + 67.1 ol sHaiTt.
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Fig. 3-12. Diftference between two cultivars in distribution of fruits by

peel color before and after incubation for 10 days at 20 °C.
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Table 3-6. Difference between two cultivars in chlorophyll and

carotinoid content

Chlorophyll content Carotinoid content
Kind (mg/100gr} (mg/100gr)
Before After Before After
Miyagawa Early 2.1 0.8 1,288 2.091
Okitsu Early 3.7 0.4 1.356 3.094

wpetd Mz F A4S FAazdo] FHZAPRCE o FHHAE HA = A
©2 Jehle FAROME U2 o Frin Yeidc)
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Brix, Brix/acid ratio Acid content (%)
18 P, e 3
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Brix Acid contBx/acid ratlo Brix Acid contBx/acid ratio
Miyagawa Okitsu

Fig. 3-13.  Difference between two cultivars in juice quality after

incubation for 10 days at 20 °C.
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Fig. 3-14. Difference between two cultivars in fruit weight loss aand

calyx discoloration after incubation for 10 days at 20 °C.
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Rppends

Photo 3-1. Photo showing the effect of incubation at different temperature

for 10 days on peel coloration on plate.

e

Photo 3-2. Photo showing the effect of incubation at different temperature

for 10 days on peel coloration in container.
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Photo 3-3. Photo showing changes in peel coloration as atfected by P. E.
film sealing and Anti-stress during incubation for 10 days 20

°C on plate.

Photo 3-4. Photo showing changes in peel coloration as affected by P. E.

film sealing and Anti-stress during incubation for 10 days 20
°C in container.
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a) Before treatment

by Aftec 11 days
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¢) After 14 days

d) After 18 days
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e) After 20 days

Photo 3-5. Photo showing changes in peel color during incubation at 20 °C.
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Fig. 4-1-1. Effect of harvest time on yields per canopy of next year.
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Table 4-1-1. Brix and acid content at each harvest time

Hasrvest time Brix Acid content Brix/acid
(Month/date) (°Bx) (%) ratio
1172 9.5 1.20 7.9
11/9 9.7 1.03 9.4
11716 9.7 1.00 9.7
11/23 10,1 1.00 10.1

FYA7N 7 AL BEE 5ol AEs WolA A a7} wolA
2zt 71¥ g wo{Ert

239 7te] Enol= chE pidef uvlste Ax] Qlon] Blo] QlojA wyly
Algke] zyl(Pih)7t 8% fsolch ZHEEAC] 4nlxlY 7|¥ x| n]X
odtrol gk Ff2] dxAzpe glevt 4o F¢ ZEt 1 °Bx, itk
7} 0.8 ~ 1.2 2] w7} 10 ~ 15 AE7} 3o dut= Hog B 75
3 olet (A&BHE, 1978).
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Fig. 4-1-2. Changes in Brix by harvest time during the storage.
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Fig. 4-1-3. Changes in acid content by harvest time during the storagre.
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Fig. 4-1-4. Changes in Brix/acid ratio by harvest time during the storagre.
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Fig. 4-1-5. Weight loss of stored fruit in various havest time. (Stored

period from at harvest time to Jan. 26)
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Fig. 4-1-6. Changes in percent of weight loss by harvest time during the

storage.
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Table 4-1-2. Number of citrus fruit rot depending on different fungi

Har, time Kind of fruit | 11712 19 26 12/514 21 28 1/4 12 19 26 Total
rot
11.2 Green mold 1 3
Blue mold 4
Melanose 4 21 8
Total 1 4 2 1 15
11.9 Green'mold 7 2 10
Blue mold 1 2 19
Melanose 2 5 7
Total 1 9 45 36
11.16 Green mold 4 5
Blue mold 2 1 24
Melanose
3 5 8
Total 2 4 3 6 37
11.23 Green mold 2 2
Blue mold 3 8
Mel anose 2 1 3
A 32 21 13

2130 AAPe EFo) ule} thEd £ Aol FAIY FA2E SFULY
& A A4go] vz u2 FFolch

£ 5(1982)of &3t AR A

S A2 Aastd 3YolE 10 - 14 %2
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Belgd Uel 42 A3g 3 24oll 1 - 4 %, 3ol 47 - 55 %] &
si&-& viehls slvka 3gdch

AR el ¢ 10052 'go] Rirx]o] 9len, o]F 20 - 304
ZFF2| Hddol Aol B3t Aot (Farr: 1990, HEAMEWIIZEHA:
1984), Uelle ¥ 16379 'Ho] 71&Eo] don Aaysje] BA3h= &
2 537l B3 HAEU(TFAZE I 1986), ¥ F(1991)2 A3Z ol
ZEalztolA Rl 1152 AFE AAY Aol FFAIHEE AAIY Ay
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E 23U AYFol P.digitatumol] 2% PHIHoido] 71 glo] WA
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2 3tdE 2 dFANE o]2} vyt AXE flct
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Table 4-2-1. Sort of chemicals and their concentrations tested in this

experiment,
Concentration
Chemicals

I 11 111
Topsin M 1,000 X 1.500 X 2,000 X
Rox 100 X 500 X 1,000 X
Chlorinated Lime 100 ppm 250 ppm 500 ppm
CLEENA (LIQUID) 100 ppm 250 ppm 500 ppm
CLEENA (SOLID) 28 5g 10 g
Boric acid 0.125 % 0.07 % 0,05 %
Control - - -
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Table 4-2-2, Percentage of mold emergence during the period. of storage
from Dec.9 to March 15.

Treatment No. of total No. of contaminated Percentage of mold
tested fruits fruits emergence
Topsin M 1000X 897 33.2 3.7 az)
1500X 834 37.5 4.5a
2000X 865 51.0 59 a
ROX 100X 876 39.4 4.5a
500X 924 77.6 B.4a
1000X 921 69.1 7.5a
Chlo- 100ppm 858 63.5 7.4b
rinated 250ppm 859 83.3 9.7 a
lime 500ppm 897 55.6 6.2 ¢
CLEENA  100ppm 784 58.0 7.4 c
(liquid) 250ppm 872 120.3 13.8 b
500ppo 864 227.2 26.3 a
CLEENA 2g 900 149, 4 16.6 a
(solid) 5g 500 79.2 8.8b
10g 300 97.2 10.8 b
Boric 0.125% 799 46.3 4.7 a
acid 0.07 % 844 9.7 5.8a
0.05 % 841 54.7 6.5 a
Control 856 140.4 16.4

Z) Mean seperation within column by DMRT, at 5% level
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2,000 v I Rox 100 wj, 500 »f, 1,000 wl, 28|31 boric acid 0.125%,
0.07%, 0.05% M2|Fofld Fgo] Wldgo] 42} 3.7 % 4.5% 59 %
4.5% 8.4% 7.5% 1831 4.7% 58 % 6.5%2 S5 F2[g Ho|x
£ 4%ter}, Topsin M 2 1,000 dl, Rox += 100 v Mza|7}, 22l3 Boric
acid & 0.125% M2lel|lA vy J3§ ANE Br).

¥, chlorinated lime 500ppm A 2]7efA] 6.2%, CLEENA(liquid) 100 ppm
Me|tollM 7 4%, CLEENA(solid) = Sg AMelFolA 8.8 % & Ueh} Mg
RN B Fo] A &7} §434dr)

TopsinA 2] A|HollA] W ¥(1987, 1988) 11,0008, 72(1977), .4}
(1981), 22|31 Z.N(1968)5~ 1,500uf0llA H}7} Ul sy, & A
HollME 1,000 iAol s R}t A2AF 2B or}) 1,000042 1,5008)8}2]
w2 xh= A=A Yslch

WH, 2 AFE 7% T LAY ol 2R o 2 ARE 2y oy
4-2-1, 4-2-2 of X B ups} Lol 2} oA FHY T3] M 27190 12 o
16 U2t 1 ¥ 5 Yol F2Pol (Penicilium italicum WEHVER)o] A3} L}
BRI, A F7ie 2 ¥ 2eeE: HaTuo]¥(Botrytis cinerea
PERSOON) 2} R (Alternaria citri PIERCE et ELLIS) So] wAi3ic).

ol2igo] FEF Lo AR 270 glo] WA AR Folo] A &
Mg Holthrt A wrlef cigo] o7t 3713 Kol W(1980)2] 19}
AR o FETFYoES gafo] mwol WAL AR Fio 1Y
o] "ojul WPl Yolrin ¥ toEk(1959)2] Baelsy Uaislect.
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Penicilum italicum WEHMER
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- Topsin 1000 X —+— Rox 100 X -~ Chlorinated lime- 500ppn
-» CLEENA 5g - CLEENA 100ppm ¢ Boric acid 0,125 %

-4~ Control

Fig. 4-2-1. Seasonal changes in percentage of fruit rot during_the

period of storage.
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Alternaria citri FIERCE et ELLIS
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Fig. 4-2-2. Seasonal changes in percentage of fruit rot during the

period of storage.
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Fig. 4-2-3. Seasonal changes in percentage of total loss in fruit weight

during the period of storage.
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Table 4-2-3. Percentage of total loss in fruit weight during the period of
storage from Dec. 9 to March 15,

Treatment Fruits weight Fruits weight Percentage of total loss
before storage after storage in fruit weight
A. Topsin 1000X 60.30 Kg 46.80 Kg 2.4%cD
B.ROX 100X 62.01 47.13 240 be
C.Chlo- 500ppm 60. 87 44.25 27.3 b
rinated lime
D. CLEENA 100ppm 58.43 42.13 27.9 b
(liquid)
E.CLEENA 5g 71.13 47.73 32.9 a
(solid)
F.Boric 0.125% 56. 31 42.06 25.3 bhe
acid
G. Control 58.21 42.32 2723 b

Z) Mean separation within column by IMRT, at 5% level
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Temperature ( C)
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Temperture(0C)

Humidity()
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91622 5 19 2 14 2 15
DEC. JAN, FEB. MAR,

Date of observation

Fig. 4-2-4. Seasonal changes in temperature and humidity during the

period of storage.
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Table 4-2-4. Percentage of physiological loss in fruit weight during

the period of storage from Dec, 9 to March 15,

Treatment Fruits weight Fruits weight Percentage of
before storage after storage weight loss
AY) 60.30 Kg 51.50 Kg 14.5 % ab 2}
B 62. 01 52.89 147 ab
C 60. 87 52.10 14.4 ab
D 58. 43 49. 60 15.1 a
E 71.13 63. 80 10,3 ¢
F 56. 31 48.31 142 ab
G 58.21 50. 58 13.1 b

y) See Table 4-2-3

Z) Mean separation within column by DMRT, at 5% level
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Percentage of weight loss

)
pod
=
| 5
o)
=]

DEC. JAN, FEB, MAR,

Date of observation
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—~ CLEENA 5g —8- CLEENA 100ppm -¢- Boric acid 0.125 %
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Fig. 4-2-5. Seasonal changes in percentage of fruit weight loss by rot

during the period of storage.
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Table 4-2-5. Effect of various treatment on fruit quality during the period

of storage from Dec. 9 to March 15.

Treatment Brix(oBx) Acid content Brix-acid ratio
as citric(x)

AY) 11.6 0.98 11.8 ab 2)

B 10.7 0.95 11.3 ab

C 11.8 0.94 11.6 ab

D 11.2 0.86 13.0 a

E 11.2 1.08 10.8 be

F 10.7 1.10 9.7 c

G 10.6 0.90 11.8 ab

y) see Table 4-2-3

z) Mean separation within column by DMRT, at 5% level

HF 2AUY gahle E 4-2-501A s ulelzio] CLEENA | 100ppm
HelFo A 13.02.2 71 #4k3, boric acid 0.125% Az oAl 9.78 7}at
SA LR fojal § R, o) CLEENA M|t Akeke] Mapa

744 Gleki1, boric acid A2)7= e 7] ufFo|c},

2 3 9 At T2l 11820 2 xo]§ Holx| ¢jglvint o
A2 g delsiE ofAllof 23 v Algtatols ofdto] gldwiZiog Hr}
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Fig. 4-2-8. Seasonal changes in Brix, citric acid, and Brix-acid ratio

in fruit juice during the period of storage.
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