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Summary

In order to develop the cultural practices of delayed harvest after
overwintering of fruit on tree in early-ripening satsuma mandarin,
several experiments on methods of fruiting control, management of soil
moisture and foliar spray of chemicals to alleviate peel puffing were
conducted with 25-year old 'Miyagawa Wase' satsuma mandarin (Citrus
unshiu cv. Miyagawa Wase) grafted on trifoliate orange in the plastic
house for three years from May in 1999. The contents of experiments

and the results obtained are summarized as follows;
1. Effect of fruiting control methods on yields and fruit quality.

Three methods of fruiting control were compared; annual bearing on
the whole canopy (Canopy), annual bearing with branches of alternate

bearing (Branch), and systematized biennial bearing (Biennial).

1-1. The fruit crop load delayed the date of sprouting and flowering
and reduced fruit bearing in the following season. Annual mean yield per
unit volume of canopy calculated from the data obtained for three years
was the highest in the treatment of Branch with 3.55 kg/mg, those in the

treatment of Biennial and Canopy were 2.31 and 2.17 kg/mg, respectively.

1-2. Ratio of medium-size fruits (No 3 through No 6) most popular in
Korean market was the highest in the treatment of Biennial with 532%,
those in the treatment of Branch and Canopy were 46 and 3596,
respectively. Ratio of larger fruits was extremely high in the off-year of

the treatment of Canopy.



1-3. Effect of fruiting control methods on juice Brix and acidity varied
with year, peel puffing index tended to be lower in the treatment of

Biennial.

1-4. It was suggested that systematized biennial bearing method be the
most reasonable with consideration of fruit quality and management cost

as well as yield.

2. Effect of soil moisture management on fruit quality.

Different managements of soil moisture were tested for fruit quality
every year. In the first year, irrigation was suspended during the periods
of maturing and overwintering (DD: Oct. through March), maturing only
(DW: Oct. through Nov.), and overwintering only (WD: Dec. through
March). A treatment without suspension of irrigation (WW) was also
included. In the second year, three levels of soil moisture were
maintained during the period of maturing and overwintering (Oct.
through March); dry (-1.0 MPa), intermediate (-0.7 MPa), and wet (-0.1
MPa). In the third year, drought stress was induced by suspension of
irrigation during the period of cell enlargement (July 21 through Sept.
19), thereafter three levels of soil moisture were maintained; dry (SD:
-0.6 MPa), intermediate (SM: -0.1 MPa), and wet (SW: -0.05MPa). A

treatment of wet level without drought stress (NW) was also included.

2-1. The drier the soil from Oct., the higher the juice Brix and the
lower the peel puffing index; juice Brix in the treatment of DD was 114

. Brix which was 1.2, Brix higher than that of WW, 959 of fruits in



DD showed no symptom of peel puffing 34 % higher than that in WW.

2-2. The treatment of DD resulted in the reduction of root activity and

the increase in the defoliation ratio.

2-3. The treatment of dry level, in the second year, increased juice
Brix to 12.3.. Brix which was 1.5, Brix higher than that in the
treatment of wet level, and lowered peel puffiness index to 0.56

comparing to 0.66 in the treatment of wet level.

2-4. The treatment of dry level lowered leaf water potential and

increased defoliation ratio during winter.

2-5. Juice Brix in the treatment of SD, in the third year, was 14.6,
Brix. The difference of juice Brix between SD and NW was 2.5, Brix,
of which 1.1, Brix was attributed to drought stress and 1.4, Brix to soil

moisture level after drought stress.

2-6. Drought stress during cell enlargement increased the
concentrations of glucose and fructose in juice by 0.5 %, respectively, and
the effect was maintained until harvest after overwintering. Dry soil
moisture level from the maturing stage increased the concentration of

sucrose in juice by 1.0 %.

2-7. The treatment of SD inhibited peel puffing significantly, increased
acidity slightly without any practical significance, but didn’t increase

defoliation ratio during winter.

2-8. It was concluded that fruit of excellent quality could be produced

_iv_



by the combination of drought stress during cell enlargement and

thereafter soil moisture control.

3. Effect of foliar spray of chemicals to alleviate peel puffing.

Various chemicals were sprayed on the canopy during the period of
fruit maturing including Calcite (100x), Cellbine (300x), Kalk-H (300x),
CaCly (0.1 %), n—propyl dihydrojasmonate (PDJ; 50 ppm), and gibberellic
acid (GAs3: 50ppm)). Fruit quality at harvest after overwintering was
evaluated with emphasis on the degree of peel puffing.

3-1. Both Calcite and mixture of PDJ and GAs could not be
recommended even though they were effective in the control of peel
puffing, because Calcite attached to peel surface remained until harvest
could be misunderstood as 'toxic residues, and the mixture of PDJ and

GAj3 resulted in brown spot on peel surface.

3-2. Foliar spray of Cellbine three times (Oct 12, 26 and Nov. 9) or
mixture of Cellbine and GAs once (Oct. 26) were recognized to be

effective in the control of peel puffing.
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o] AP AF% BAFT g5 f9g T 90mel 94X Frhe FH
e E Bh9-2 9k & mho] Fmgh oA S EC A AW E AL 9l
Bt 5o 25\ A & H A () 45U 2 (Citrus unshiu cv. Miyagawa
Wase)S Al@= 3to] 19999 59578 2002 59744 370del AA 3
sk St

Table 1-1. Chemical properties of soil in the orchard of this experiment

(2000. 3. 28).

Av.

Place (1: 5) (ds/m)

(mg/kg) (cmol+/kg)

Plastic
house 5.0 0.85 126 401 170.9 0.40 0.70 0.98

Open
field 5.1 0.37 114 48 407.9 055 062 256

Table 1-2. Mineral composition of leaf in the orchard of this experiment

(2000. 3. 28).

Macro nutrient(%) Micro nutrient(ppm)

N P K Ca Mg Na Z/7n B Cu Fe Mn

Plastic
house 2.36 015 0.89 1.30 040 0.02 87.7 485 2.27 52.8 435

Open field 2.15 0.10 043 275 055 0.05 827 447 2.01 81.1 55.0

Place
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At F g2 EdH * 60~70C & 1%
mesh AZ SHAA AHAASIT A A= Kjedahl 3l SFHo=Z, P,

Ca, K, Mg &&= ICPE °l&3te] £4aidtt(EEx1874, 2000).
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Table 1-3. Treatments of fruiting control during the period of from 1999

to 2001.
Annual bearing Systematized biennial bearing
Year
Canopy” Branch” Odd year Even year
1999 Fruiting - Fruiting Non—fruiting
2000 Fruiting Fruiting Non-fruiting Fruiting
2001 Fruiting Fruiting Fruiting Non-fruiting

“Fruits evenly distributed every year in whole canopy.

YForced alternate bearing by branches.



At el wosl e wa A4 G} 2 A A 32
Fol A ivbet Hak 747 1094 2095 wASGS A% T £ @A
ZAbSH O,

id 39 299 HE & w yFd FF Adar]) ExE 24 E
2
N

N L M S

Photo 1. Degrees of peel puffing are shown.

N(0): No puffing, L(1): Slight puffing,
M(2): Moderate puffing, S(3): Severe puffing.
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Table 2-1. Treatment to control soil moisture level in the 1999-00

season.
Treatment Oct. ~ Nov. Dec. ~ Mar
DD Not irrigated Not irrigated
DW Not irrigated Irrigated
WD Irrigated Not irrigated
WW Irrigated Irrigated
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A A7l YFERE By £o] sk Hom FojrbA FEF HA
g S HAsHA v &538ko] 2hdebad

EdTE A4S Husds 2AUFY 3 st EA 15emoll A A8t
of wjd 27 10419l soilmoisture meter(model 5910-A)E o] §-3le] B4
B8-S SAAT. #xdg ol o] Aol wEt -0.05 MPa¥ o

MPa H$¢19 &%+, -01~-005 MPa H¢9 ts+=2 Yy #gsst
(Table 2-2).

Table 2-2. Target soil moisture level in the 2000-01 season.

Treatment Target soil moisture tension
Low level -1.0 ~ -05 MPa
Medium level 05 ~ 0.1 MPa
High level -01 ~ -006 MPa

27 gtk o] MR oBE 3R 34 Wl AxsEd s
Hé7) ol F EFFE £F 2

.
B 99 17974 B8 HAse] Az



g wj7hA] 25(SD), A5(SM), th5(SW)e] 3x 29 794 2145 A
gF(NW)e 2 #Ed A 5 448 E J3y 29502 Agsslt)
(Table 3-3). EdTEde= Adxe #Zo] FLORICOMS o] &3dte] #4

= B 2L B AYTFE A
=

B

Table 2-3. Treatment to induce drought stress during cell enlargement

and thereafter target soil moisture level in the 2001-02

season.
Treatment July 21 ~ Sep. 17 Sep. 17 ~ Mar. 30
SD Not irrigated -1.0~-0.5 MPa
SM Not irrigated -0.5~-0.1 MPa
SW Not irrigated -0.05~-0.03 MPa
NW Irrigated (-0.05~-0.03MPa)  -0.05~-0.03 MPa

VrEEAEL Hms] Ao AdE B A 9 Akl 7}
e

FHT 49 496

rlo

(pressure chamber)l. & ZA3Ac). L&
AW 1m Wl BAEE 47HE EA 10ecm W9, 7FExAZ 30 cmo
S WA 2 %o Ade e A 10ecme] AdS AFHS TTCHO =

21 =2

3 GAe) A7 Wk sAdEe AT A Gl 2us
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Waters 2690 XE("] =) 7]7]1& AH&SaL H=7]= Alltech ELSD 2000
o]-g3le] HESAT ol 54 75 25 %(acetonitril : water)E E§3lo]
718§ 025m AAAR g F o] &ALt V7S F5 10
mL/min, A EFY 10, FAF 20702 Fvh FERA AfoRE
WatersAt2] carbohydrate Z % (3.9x300 mm)S AF-&3}
2] % sucrose, glucose, fructoseE Z+7 50, 100, 250, 500, 1000 ppm= A

z3te] APAL TEY
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Table 3-1. Concentrations and dates of spray of chemicals for the

control of peel puffing in the 1999-00. season.

Chemical Concentration Date of spray
Calcite 100 x
Oct. 25 and Nov. 9
Cellbine 300 x
Kalk-H 300 x
CaCly 01 %
Control -
Oct. 25
PD]J 50 ppm
GA 50 ppm
GA + PD] 50 + 50 ppm

L
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e
B
o\
4 oM
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>
AL
it}
td
rin

e WHoR EASHEE, 2000

_20_



—

A, M AT 45FOR b 2

23 ol GASH PDJS] 3R (2 199)2) GPe] 8N 5 eg FHow
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Table 3-2. Treatments of growth regulators for the control of peel

puffing sprayed on Nov. 7, 2000.

Growth regulators Ingredients and concentrations
Control -

GP 200x GA 50 ppm + PDJ 50 ppm

GP 500x GA 20ppm + PDJ 20 ppm

GP 1000x GA 10ppm + PDJ 10 ppm

GA + PD] GA 20 ppm + PDJ 10 ppm

Z12]al Table 3-33 #Zo] ZAlo]ES GP &8 adE H7bst7] 913 64
215 Hla Adstdt 4EE ATE sta SAE APTR 3 40E )
o7 Hjxste] 2000 11Y¥ 79 2E AP FAS Az o 2
FA= 23] A¥x 2 119 2049 F7F AE3HS
7

2001 d 2ol = A2d EdiE o] A Ao n X = 9 Alg 9

AW 29EE o 2 AFsAY. 5 UFE sto] AX2EY R T A%
(SD), Ax=Edf 2= & AF(SM), dx2EY U2 (SW), A7) 7 oh<s
(NW) 44 dom HIIAE ATFE 3ol GA 50 ppm, vkl 3008
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Table 3-3. Combinations of calcium compounds and GP for the control of

peel puffing tested in the year of 2000.

Treatment Date of spray time
Calcite 100x Nov. 7 and Nov. 20
Cellbine 300x% Nov. 7 and Nov. 20
Calcite 100x + GP 500% Nov. 7

Cellbine 300x + GP 500x Nov. 7

GP 500 Nov. 7

Control No spray

“GP 500%: GA 20ppm + PDJ 20 ppm.

ppm + Awkl 3008} &% 13] FA# 5 SAYE FAH EFTE wd
WS A2d B el FdEA v ¥ 3AdE AE

2
= 10¢ 124, 109 26¢, 11€ 9Y o] tH(Table 3-4).

o,

=
= W =A== wek 50), 4, T©2), 4Bz A5k +2

Jo zA1d Adaegy AldellM ek 2ol 13
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=2,
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Ll
=
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Table 3-4. Soil moisture levels (main plot) and chemical sprays (split
plot) in split plot design for the control of peel puffing in
the 2001-02 season.

Soil moisture

Chemical concentration and date of spray

level”

SD Control

SM G1: GA 50 ppm sprayed once on Oct. 26

SW S1: Cellbine 300x sprayed once on Oct. 26

NW S3: Cellbine 300x sprayed three times on Oct. 12,

Oct 29, and Nov. 9

SG: Cellbine 300x + GA 50 ppm sprayed once on Oct. 26

“See Table 2-3.

_23_



Ayl e gulel Az HASo] Ax7E W= Table 1-49F
gtk FHnE AHEEE 2 Fidw Aol A 19999 R E 3dth 7t
7} 151, 27.0, 10.3°10th ¥ = Ad AN S Sx=2 #elshd A 19999 = of
2001 Eoll = @Hpu]7b wheka 20008 Eoll = ol dfAE Aol el
LHERSE

A4 Ao s AT AlE 1A R 1999 % el =
10,701 AR 20000 %= &) A9k 20019 % &3] AA 9 < 7y
© = o 65 AR FIFo] Wi @k 2y 2
FHH = 50 oldo 2 Ao FAI HEHE BT Fydo] g o gt
obitstE AAlstH AdAde] djle] Hoe AL & A de AR
SR 5, 1975 1LH %5, 1973).

2, 3Abd el vk Al e JExE AA T 3= 2d A4S 80 WeE v
A debged o g 29 7HAE gidoeR AR wiEe] U A
o] Fun e} A ALY oz Er}

AWt o g AT AA JHuE 25~3002 d# A ko (FKi 9}

m

=

NI, 1989), <:(2002)] AlF=2] Ht FH= 2397 AA Ganlol FAFet
i gk sk vluetd s Aol A 20008 = A EE] 27.08 A

4 Asgoletn B & vk 2 (19880 wie] oaw e 2
& el s 2olA o BkA ] ARmA AL 1500 1Y
Bl 15), BAAE BAR @ 2774l E Qo] 7] wEe] 10~157)
of 19H@T 10~15)8hE Eota stk 53] AFME A8 7

_24_



7FA] o 1508 o] Aol Al %7 wrAEit) x| d A

> 10
o
m&

THAE e ® AR wiEoly, dpdol EElx] fal HAs AV =

Az Al Wk

Table 1-4. Effect of fruiting control on leaf-fruit (L-F) ratio and the
number of currunt shoots (CS) in 'Miyagawa Wase'

satsuma mandarin in plastic house.

L-F. ratio No. of CS

Treatment”

1999 2000 2001 1999 2000 2001
Annual bearing
(canopy) 15.1 27.0 10.3 73.8 113.8 65.9
Annual bearing B _ _
(branch) 75 8.1 19
Systematized biennial
bearing 10.7 52.0 6.5 - 165.6 2.3
(odd year)
Systematized biennial
bearing 64.0 6.4 46.5 86.4 - 1715

(even year)

“See Table 1-3.

Ao g wolr]of |t Table 1-59F 2tk Ad%= 23t o
Fo8 HRAErE Bol B g 7o S v =, 1999d = I o]
2eA FUY Aas) ddgre wolr= 449 160l Mgkl Aol

#
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_25_



BAT AlE 2, 3xpdEolE 1 Zolrt ¥ AXY &
W 5 oprlel A AA TR 2002 & Eetr] ek A
il

A7 A g TR BE ol =o Fad
of 45 Tolrls} JBrl= oAt

Table 1-5. Effect of fruiting control on the date of sprouting and
full-bloom in 'Miyagawa Wase’' satsuma mandarin in plastic

house.

Treatment” Date of sprouting Date of full-bloom

2000 2001 2002 2000 2001 2002

Annual bearing

(canopy) Apr.18 Apr.17 Apr.13 May 15 May 14 May 16

Annual bearing
(branch)

Systematized biennial
bearing (odd year)

Apr.15 Apr.15 Apr. 9 May 12 May 12 May 10

Apr.15 Apr.23 Mar.26 May 12 May 21 May 6

Systematized biennial

bearing (even vear) Apr.20 Mar.26 Apr.13 May 17 May 2 May 22

“See Table 1-3.

Aet7] ol F 69 29%H Al At B 79 1597449 Gahay
o Fig. 1-19] depiich. &58 4479 Fadw 243 5% 247} A
A5 69 102 AFo] o o
prmeh s(1985b)e] B el ol e
of Sagol Eobatha st e M@ Aot BE Aol A
14 Aeuae 69 2990 Bxon, 23 drhe 64 1025%E AzHe] 7

4 54 79 Eut=d =Adl Bl sk AW 7]0] ol Al 9%
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Fig. 1-1. Patterns of physiological fruit drop as affected by different
fruiting control in 'Miyagawa Wase’ satsuma mandarin in
plastic house.

“See Table 1-3.
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Fig. 1-2. Seasonal changes in fruit transversal diameter as affected by

satsuma

'Miyagawa Wase'

in

control

different fruiting

mandarin in plastic house.

“See Table 1-3.
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Fig. 1-3. Seasonal changes in fruit longitudinal diameter as affected
by different fruiting control in 'Miyagawa Wase' satsuma
mandarin in plastic house.

“See Table 1-3.
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0.9

Fig. 1-4. Seasonal changes in fruit shape index as affected by
different fruiting control in 'Miyagawa Wase' satsuma
mandarin in plastic house.

“See Table 1-3.
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Size No. of fruity

Fig. 1-5. Distribution of fruits by size harvested on March 29, 2000 as
affected by different fruiting control in 'Miyagawa Wase'
satsuma mandarin with fruit overwintered on tree in plastic
house.

“See Table 1-3.
"By the regulation of Jeju-do, higher number indicates larger

fruit.
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Distribution of fruits by size harvested on March 29, 2001
as affected by different fruiting control in 'Miyagawa
Wase' satsuma mandarin with fruit overwintered on tree in
plastic house.

“See Table 1-3. 'See Fig 1-5.

0.0

1 2 3 4 5 6 7 8 9
Size No. of fruity

Fig. 1-7. Distribution of fruits by size harvested on March 29, 2002

as affected by different fruiting control in ’'Miyagawa
Wase’ satsuma mandarin with fruit overwintered on tree in
plastic house.

“See Table 1-3. "See Fig 1-5.
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Table 1-7. Effect of fruiting control on

fruit quality

in 'Miyagawa

Wase’' satsuma mandarin with fruit overwintered on tree in

plastic house.

Fruit ~ Fruit Titratable £ -
Season Fruiting control” width weight (°Brix) acidity Spea,ﬁc Eufflng
(mm) (g) rx (9)" gravity index

Annual bearing v

(canopy) 5170 620b 119a 069bp 0.83a 0.47a

Systematized
1999 biennial bearing 54.3ab 69.0ab 11.5a  0.73b 0.83a 0.40a
-00 (odd year)

Conventional

bearing inopen 56.0a 76.0a 9.9b 1.08a 0.73a 0.47a

field

Annual bearing B

(canopy) 69.8a 131.2a 11.2b  0.63b 0.80a

Annual bearing B

(branch) 56.3b 69.2b 10.6bc  0.59b 0.44b
%8({0 Systematized

biennial bearing 56.2b 67.9b 123a  0.60b - 0.46b

(even year)

Conventional

bearing inopen 585b 823b 98¢  0.88a - 0.38b

field

Annual bearing

(canopy) 56.3b  72.1b 145a 0.89ab 0.86a 0.40a

Annual bearing

(branch) 545b  71/7b 152a 094a  0.83a 0.40a
%(())gl Systematized

biennial bearing 55.8b 70.1b 14.1a 0.79b  0.88a 0.35a

(odd year)

Conventional

bearing inopen 60.3a 929a 124b 081b 0.88a 0.3la

field

“Harvested on March 29 for fruiting control and on Dec. 20 for conventional

bearing in open field respectively.

YMean separation by DMRT within column of the same season, at 5% level.
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Fig. 2-1. Seasonal changes in soil moisture levels as affected by
different irrigation treatment in the 1999-00 season.
“See Table 2-1.
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Table 2-4. Effect of soil moisture levels on leaf water potential, root
activity and leaf drop ratio in 'Miyagawa Wase' satsuma
mandarin with fruit overwintered on tree in plastic house.

Data are means = SE.

Leaf water o x Old leaf drop
. .y Root activity . w

Treatment potential (mg/a - h) ratio

(-MPa) '8 (%)
DD 1.81 1.957+0.031 39.3+3.62
DW 0.76 2.054+0.052 21.7+2.33
WD 1.08 2.101£0.064 15.4£2.30
WW 1.06 2.174+0.037 15.3£1.30

“See Table 2-1 and Fig. 2-1.

YMeasured by pressure chamber method on March 18, 2000.
*Reduction rate of TTC by root investigated on April 4, 2000.
“nvestigated on March 29, 2000.
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Date of observation(Month/Date)
Fig. 2-2. Seasonal changes in total soluble solids of fruit juice as
affected by different soil moisture levels in 'Miyagawa
Wase’ satsuma mandarin with fruit overwintered on tree in
plastic house in the 1999-00 season.

“See Table 2-1.
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Fig. 2-3. Seasonal changes in titratable acidity of fruit juice as affected
by different soil moisture levels in 'Miyagawa Wase'
satsuma mandarin with fruit overwintered on tree in plastic
house in the 1999-00 season.

“See Table 2-1.
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Table 2-5. Effect of soil moisture levels on fruit quality in 'Miyagawa

Wase’ satsuma mandarin harvested on March 29, 2000 after

overwintering on tree in plastic house.

Data are means + SE.

Fruit . . Titratable
Treatment” diameter Fl’LHt( “;elght <%§§() acidity

(mm) g (%)
DD 55.2+0.90 59.4+3.28 11.4+0.12 0.70+£0.027
WD 53.8£0.79 59.4+4.37 11.0£0.10 0.71£0.020
DW 54.8%€1.12 060.8£2.87 10.4£0.15 0.61+0.032
WW 54.8+0.85 63.9+2.92 10.2+0.18 0.64+0.012

“See Table 2-1

Table 2-6. Effect of soil moisture levels on peel puffing in 'Miyagawa

Wase’ satsuma mandarin harvested on March 29, 2000 after

overwintering on tree in plastic house.

Data are means = SE.

Number  Distribution of fruits by
of the degree of puffing Index of Specific
Treatment” observed % | oui ‘
i eel puffin
fruits Non Middle Severe b b & gravirty
DD 1284 94.0 6.0 0 0.03+0.008  0.86+0.009
WD 1143 93.7 6.3 0 0.03+0.019 0.86+0.011
DW 933 71.9 18.2 9.9  0.19+0.020 0.84+0.007
WW 972 60.7 279 114 0.25+0.047 0.84+0.006

“See Table 2-1
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Fig. 2-4. Seasonal changes in soil moisture levels as affected by soil
moisture control in the 2000-01 season.

“See Table 2-2.

Table 2-7. Effect of soil moisture levels in the 2000-01 season on leaf
water potential and old leaf drop ratio in 'Miyagawa
Wase’ satsuma mandarin with fruit overwintered on tree in
plastic house.

Data are means + SE.

Soil moisture Leaf water potential(-MPa) Leaf drop ratio
level Mar. 22 Mar. 23 Mar. 24 (%)

Low 1.12 1.74 1.25 30.6+6.56
Medium 0.81 0.97 0.75 23.7+2.86
High 0.64 0.71 0.61 18.9+4.28

“See Table 2-2 and Fig. 2-4.



T 10.8 Brix2.th 1.5 “Brix *=kth.

Table 2-8. Effect of soil moisture levels in the 2000-01 season on total
soluble solids of fruit juice of 'Miyagawa Wase' satsuma
mandarin with fruit overwintered on tree in plastic house.

Data are means £ SE.

Soil moisture Total soluble solids (°Brix)

level” Jan. 31 Feb. 28 Mar. 29
Low 10.9+0.23 11.0+0.23 12.3+0.63
Medium 10.8+0.32 10.9+0.21 11.1+0.21
High 10.0+0.27 10.4+0.47 10.8+0.18

“See Table 2-2 and Fig 2-4.

7ol gL 1997 AE ARF M 2o Aow ngon 24

Soll= BE Aol HzeA 0.6 % ol AtH(Table 2-9).

Table 2-9. Effect of soil moisture levels in the 2000-01 season on
titratable acidity of fruit juice of 'Miyvagawa Wase' satsuma
mandarin with fruit overwintered on tree in plastic house.

Data are means + SE.

Soil moisture Acid as citric(%)

level” Jan. 31 Feb. 28 Mar. 29
Low 0.80+0.019 0.60+0.041 0.63+0.008
Medium 0.70+0.016 0.58+0.020 0.64+0.011
High 0.74+0.016 0.59+0.015 0.63+0.011

“See Table 2-2 and Fig. 2-4.
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Table 2-10. Effect of soil moisture levels in the 2000-01 season on
peel puffing index of 'Miyagawa Wase’' satsuma mandarin
with fruit overwintered on tree in plastic house.

Data are means + SE.

Peel puffing index

Soil moisture level”

Jan. 31 Feb. 28 Mar. 29
Low 0.14+0.007 0.39+0.004 0.56+0.032
Medium 0.14+0.008 0.39+0.003 0.58+0.009
High 0.15£0.004 0.40+0.006 0.66£0.015

“See Table 2-2 and Fig. 2-4.
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Fig. 2-5. Seasonal changes in soil moisture levels as affected by
different soil moisture control in the 2001-02 season.
“See Table 2-3.
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Table 2-11. Effect of soil moisture control in the 2001-02 season on leaf
water potential in 'Miyagawa  Wase' Satsuma Mandarin

with fruit overwintered on tree in the plastic house.

Leaf water potential (-MPa)

Treatment”

Feb. 7 Feb. 8 Feb. 9
SD 2.50 2.55 2.38
SM 1.50 1.59 1.94
SW 1.19 1.39 1.54
NW 1.28 1.35 1.41

“See Table 2-3 and Fig. 2-5.
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Table 2-12. Effect of soil moisture level on leaf drop ratio in 'Miyagawa
Wase’ Satsuma Mandarin with fruit overwintered on tree

in the plastic house.

,  Root activity Percent drop
Treatment
(mg/g -+ h) Mar. 5 Mar. 18 Apr. 13
SD 1.503 10.8 119 159
SM 1.584 10.6 11.7 14.8
SW 2.008 10.7 10.9 15.1
NwW 2.076 10.4 11.8 14.9

NS within column at 5% level.

“See Table 2-3 and Fig. 2-5.
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Fruit diameter(mm)
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7/28 8/25 9/21 10/1911/6 11/30 12/28 1/25 2/22 3/28

Date of observation(Month/Date)

Fig. 2-6. Seasonal changes in transversal diameter of ’'Miyagawa
Wase’ satsuma mandarin fruit overwintered on tree in the
plastic house as affected by different soil moisture levels in
the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Fig. 2-7. Seasonal changes in total soluble solids in the juice of
"Miyagawa Wase’' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Fig. 2-8. Seasonal changes in fructose concentration in the juice of
'Miyagawa Wase' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Fig. 2-9. Seasonal changes in glucose concentration in the juice of
'Miyvagawa Wase' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Fig. 2-10. Seasonal changes in sucrose concentration in the juice of
"Miyagawa Wase’' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Fig. 2-11. Seasonal changes in total sugar concentration in the juice of
'Miyagawa Wase’' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Table 2-13. Effect of soil moisture levels on the concentration of free
sugars in the juice of 'Miyagawa Wase’' satsuma mandarin
fruit harvested on March 29, 2002 after overwintering on

tree in the plastic house.

Sugar concentraion(%) TSS

Treatment” o
Fructose  Glucose  Sucrose Total sugar ("Brix)
SD 2.32a" 191a 8.04a 12.27a 14.6a
SM 2.09ab 1.70ab 7. 712ab 11.51ab 14.1a
SW 2.07ab 1.68ab 7.10b 10.84bc 13.3b
NW 1.62b 1.36b 7.03b 10.012¢ 12.1c

“See Table 2-3 and Fig. 2-5.
"Mean separation by DMRT within column at 5% level.
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Fig. 2-12. Seasonal changes in the contents of acid as citric in the juice
of Miyagawa Wase' satsuma mandarin fruit overwintered on
tree in the plastic house as affected by different soil
moisture levels in the 2001-02 season.

“See Table 2-3 and Fig. 2-5.

0.8

Peel puffing index

12/5 1/5 2/5 3/5 3/29
Date of observation(Month/Date)

Flg. 2-13. Seasonal changes in the index of peel puffing of Miyagawa
Wase' satsuma mandarin fruit overwintered on tree in the

plastic house as affected by different soil moisture levels in
the 2001-02 season.

“See Table 2-3 and Fig. 2-5.
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Table 2-14. Effect of soil moisture levels on the quality of 'Miyagawa
Wase’ satsuma mandarin fruit harvested on March 29, 2002

after overwintering on tree in the plastic house.

Fruit Fruit

Treatment’”  width weight TSS Acidity  Specific ~ Puffing

(mm) (@) (°Brix) (%) gravity index
SD 58.5a" 79.0a 14.6a 0.92a 0.87a 0.35b
SM 59.5a 82.0a 14.1a 0.83b 0.83b 0.48b
SW 61.1a 89.0a 13.2b 0.81b 0.80b 0.68a
NW 62.1a 91.5a 12.1c 0.74b 0.80b 0.72a

“See Table 2-3 and Fig. 2-5.
YMean separation by DMRT within column at 5% level.
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Table 3-5. Effect of the foliar spray of chemicals on specific gravity and
peel puffiness of 'Miyagawa Wase' satsuma mandarin fruit
harvested on March 29, 2000 after overwintering on tree in

the plastic house.

Treatment” Specific Index of Chemical  Chemical
gravity puffiness injury’ blotch
Control 0.83 bt i} i
Calcite 0.87 0.41 B X
Cellbine 0.86 0.49 B )
Kalk-H 0.82 0.67 B )
CaCly 0.83 0.80 . .
PD] 0.83 068 - .
GA 0.84 0.4 _ .
GA+PD]J 0.87 0.45 . B

“See Table 3-1.

y . . . : .
’=! None, +: Low, ++: Medium, +++! Severe
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Table 3-6. Effect of the foliar spray of chemicals on the quality of
'Miyagawa Wase’ satsuma mandarin fruit harvested on

March 29, 2000 after overwintering on tree in the plastic

house.
Treatment” Fruit width TSS Titratable acidity
(mm) (“Brix) (%)
Control 56.2 11.0 0.65
Calcite 56.9 104 0.73
Cellbine 55.3 10.9 0.73
Kalk-H 54.9 11.8 0.76
CaCly 56.3 10.8 0.69
PDJ 56.5 11.0 0.62
GA 55.8 114 0.61
GA + PDJ 55.2 11.3 0.65

“See Table 3-1.
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Table 3-7. Effect of the foliar spray of plant growth regulators in the
2000-01 season on the changes in peel puffiness of
'"Miyagawa Wase’' satsuma mandarin fruit overwintered on

tree in the plastic house.

Treatment” Dec. 5 Dec. 20 Jan. 19 Feb. 21
Control 0.03 0.05 0.11 0.13
GP 200x 0.04 0.04 0.09 0.17
GP 500% 0.04 0.05 0.10 0.16
GP 1000x 0.07 0.04 0.09 0.12
GA 20 ppm + PDJ 20 ppm 0.03 0.05 0.18 0.21
GA 20 ppm + PD]J 10 ppm 0.07 0.03 0.14 0.20

“See Table 3-2.

AFzAA AEe S8 BuA S ¥R ada Ag Sl fo
3 JFL vl A B }ArHTable 3-8). ZWhZ3h fAFE oks)7k GP 5000 A
279} GA 20 ppm % PDJ 20 ppm EFA TN UERTh GP Ex
GASH PD] E@tAele ofsl 2ol 98 wito] Fuux HHoz A8

% Py giE AdAHRo} =

T g ddEd=d Bl 5(1982) %
wrol 448

BE AYTAA 01 olgort T o] F BFII] LoJAFE RiAL
7} Zshe gl A Aol FosA ggon] osld TA

Tol A FuaArp vk Aol Atk Table 3-9).
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Table 3-8. Effect of the foliar spray of plant growth regulators on the
quality of 'Miyagawa Wase’' satsuma mandarin fruit
harvested on March 30, 2001 after overwintering on tree in

the plastic house.

Treatment” Fru(i;cnrvgidth (;FBSr?X) T:Zf;iil;le Plilrflfciigiss C?;T;;al
(%) index
Control 98.1 12.0 0.58 0.83 0.08a"
GP 200x 57.9 11.3 0.60 0.80 0.00a
GP 500x 59.4 11.7 0.59 0.79 0.30b
GP 1000x 59.1 11.8 0.57 0.78 0.00a
GA 20 + PD]J 20 ppm 98.7 11.2 0.57 0.77 0.10a
GA 20 + PDJ 10 ppm 58.5 12.2 0.58 0.85 0.00a

“See Table 3-2.
“Mean separation by DMRT within column at 5% level.

Table 3-9. Effect of foliar spray of calcium compounds and GP in the
2000-01 season on changes in the index of peel puffiness of
"Miyagawa Wase’' satsuma mandarin fruit overwintered on

tree in the plastic house.

Treatment” Dec. 5 Dec. 20 Jan. 19 Feb. 21
Control 0.057 0.070 0.085 0.136
Calcite 100x + GP 500x 0.035 0.047 0.125 0.153
Calcite 100x 0.045 0.063 0.119 0.191
Cellvine 300x + GP 500x 0.074 0.092 0.126 0.152
Cellvine 300% 0.037 0.049 0.137 0.155
GP 500x 0.109 0.107 0.130 0.183

“See Table 3-3.
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Table 3-10. Effect of foliar spray of calcium compounds and GP on the
quality of 'Miyagawa =~ Wase' | satsuma mandarin fruit
harvested on March 30, 2001 after overwintering on tree in

the plastic house.

Fruit width  TSS Titratable  Puffiness

Treatment” (mm) (“Brix)  acidity (%) index
Control 58.7 124 0.61 0..82
Calcite 100x + GP 500x 58.2 124 0.61 0.85
Calcite 100x 63.3 124 0.61 0.88
Cellbine 300x + GP 500x 58.5 125 0.58 0.91
Cellbine 300x 60.2 12.5 0.61 0.86
GP 500x 58.1 12.7 0.62 0.83

NS within column.

“See Table 3-3.

_62_



Hl gl 7] A xA e}

-
X

Al

2. 3.

-

R

_g]

=
T

}

o
pal

(o]l H

3ol A

whel 33 4

S A
T =

Qe

¢kth(Table 3-11).

ol

174 51 4]

w3, At G
B A7k e,

23!

Tl A A vERsE o

-
>

gt

A &=

A 71A) SAeH(Table

359 v}

Nz
,ﬂl

o 2 A=7}

-

= =

1

=

s

Tl A
102 Ay7FE @l oh(Table 3-13).

hya
fn Y

% BaAL} Agen,

1

kel
=

HAl &2

vl 3 GA

=

Al

2 ehgor], sule] Emwe] GA %

3-12).
o

R

-

X
R

—_
o

A okt

_63_



Table 3-11. Effect of soil moisture control and folioar spray of chemicals
on the quality of 'Miyagawa Wase' satsuma mandarin fruit
harvested on March 30, 2002 after overwintering on tree in

the plastic house.

Soil moisture Chemical® Fruit width Pulp ratio TSS Titratable
control” cmica (mm) (%) (“Brix) acidity (%)

SD CC 56.6 775 13.6 0.81

Gl 57.6 75.0 139 0.79

S1 57.0 78.0 13.9 0.79

S3 58.7 76.2 14.0 0.82

SG 55.2 76.9 145 0.72

Mean 57.0 76.7 14.0 0.78

SM CC 57.3 76.7 14.4 0.85

Gl 57.8 77.3 14.8 0.85

S1 58.8 74.4 145 0.84

S3 57.0 75.8 14.9 0.90

SG 55.6 76.2 149 0.76

Mean 57.3 76.1 14.7 0.84

SW ca 57.3 73.2 135 0.70

Gl 53.3 73.9 13.6 0.69

S1 56.9 74.8 12.8 0.77

S3 58.3 75.6 12.8 0.75

SG 58.3 76.2 134 0.75

Mean 57.8 74.7 13.2 0.73

NW CC 59.5 76.0 124 0.72

Gl 60.7 74.9 125 0.73

S1 61.5 74.3 12.4 0.73

S3 58.0 75.6 12.7 0.82

SG 60.0 75.8 125 0.73

Mean 59.9 75.3 125 0.74

Mean CC 57.7 75.9 134 0.77

Gl 58.6 75.3 13.7 0.76

S1 58.6 75.4 134 0.78

S3 58.0 75.8 13.6 0.82

SG 57.3 76.3 13.8 0.74

LSDo.05 Soil 1.94 1.33 0.84 0.08

moisture(A)
Chemical ns ns ns 0.53
spray(B)
AxB ns ns ns ns

“See Table 2-3 and 3-4.
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Table 3-12. Effect of soil moisture control and folioar spray of chemicals
on the concentration of free sugars in the juice of
'Miyagawa Wase’' satsuma mandarin fruit harvested on

March 30, 2002 after overwintering on tree in the plastic

house.

i i . Fructose Glucose  Sucrose Total sugar
control! T Chemical TG TR TGS ©6)
SD CC 1.8 1.7 6.9 10.4

Gl 19 1.8 7.0 10.7

S1 19 1.8 75 11.1

S3 2.1 19 7.3 114

SG 2.1 2.0 7.7 11.7

Mean 2.0 1.8 7.3 11.1

SM CC 2.0 1.8 7.6 114
Gl 2.0 19 7.9 11.9

S1 1.3 1.2 49 74

S3 2.5 2.3 7.9 12.6

SG 2.3 2.1 7.8 12.2

Mean 2.0 1.9 7.2 11.1

SW (€ 19 ] & 7.6 11.1
Gl 2.0 1.8 7.6 114

S1 1.8 1.7 6.9 10.5

S3 1.9 1.8 7.2 109

SG 2.2 2.0 7.7 11.8

Mean 2.0 1.8 7.4 11.1

NW CC 15 14 6.7 9.6
Gl 15 14 6.0 8.9

S1 15 14 6.1 8.9

S3 14 1.3 6.2 8.8

SG 14 1.3 6.3 9.0

Mean 1.5 1.3 6.2 9.0

Mean CC 1.8 1.7 7.2 10.6
Gl 19 1.7 7.1 10.7

S1 1.6 15 6.4 95

S3 2.0 1.8 7.2 109

SG 2.0 1.8 7.4 11.2
LSDoos - Soil 0.2373 0.2291 0.7775 1.1503

moisture(A)
Chemical ns ns ns ns
spray(B
AxB ns ns * ns

“See Table 2-3 and 3-4.
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Table 3-13. Effect of soil moisture control and folioar spray of chemicals
on the peel puffiness of 'Miyagawa Wase' satsuma
mandarin fruit harvested on March 30, 2002 after

overwintering on tree in the plastic house.

Soil moisture . .y Peel wilting Green blotch Puffing Specific

7 Chemical . ) . .
control index index index gravity

SD CC 0.00 0.00 0.52 0.87

Gl 0.10 0.43 0.50 0.85

S1 0.00 0.00 0.44 0.88

S3 0.00 0.00 0.50 0.86

SG 0.10 0.00 0.42 0.88

Mean 0.04 0.09 0.48 0.87

SM CC 0.00 0.03 0.67 0.84

G1 0.03 0.00 0.53 0.85

S1 0.00 0.00 0.63 0.82

S3 0.03 0.00 0.53 0.85

SG 0.00 0.00 0.54 0.80

Mean 0.01 0.01 0.58 0.83

SW CC 0.00 0.00 0.71 0.83

Gl 0.10 0.40 0.68 0.79

S1 0.03 0.00 0.67 0.83

S3 0.00 0.03 0.54 0.84

SG 0.00 0.47 0.66 0.85

Mean 0.03 0.18 0.65 0.83

NW CC 0.00 0.00 0.92 0.81

G1 0.00 0.00 0.90 0.78

S1 0.00 0.00 0.91 0.79

S3 0.00 0.00 0.82 0.80

SG 0.00 0.07 0.88 0.80

Mean 0.00 0.01 0.89 0.80

Mean CC 0.00 0.01 0.70 0.84

G1 0.06 0.21 0.65 0.82

S1 0.01 0.00 0.66 0.83

S3 0.01 0.01 0.60 0.84

SG 0.03 0.13 0.63 0.83

LSDoos Soil ns ns 0.06 0.02

moisture(A)
Chemical ns ns 0.06 ns
spray(B)
AxB ns ns ns ns

“See Table 2-3 and 3-4.
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Appendix

Appendix 1. Criteria of classification by size of Satsuma mandarin in

Jeju island.

Size No. 1 2 3 4 5 6 7 8 9

Fruit
diameter 46~51 51~54 54~56 56~58 58~60 60~62 62~66 66~70 70~77

(mm)

No. offruits 561 300 231 ~260 201~230 181~200 161~180 141~160 121~140 111~120 100~110
in 15kg box

General Specific . Extra
classification gmg]] Small Medium Large large
Price

) 63 77 86 100 99 87 79 65 55
index

Appendix 2. Monthly mean air temp.(C) in the western part(Gosan) of

Jeju island.

Year
Month
1999 2000 2001 2002 Normal

Jan. 6.6 6.0 5.6 7.6 5.0
Feb. 6.7 4.3 6.2 6.9 5.6
Mar. 99 9.0 9.0 10.8 8.7
April 13.3 12.3 13.9 13.7 13.2
May 17.0 16.0 174 16.5 17.0
June 20.5 20.2 20.5 20.9 20.9
July 22.9 25.4 25.7 235 25.1
Aug. 24.4 26.8 26.5 24.9 26.5
Sept. 24.0 21.9 23.0 22.4 22.5
Oct. 18.1 18.2 19.1 17.2 18.2
Nov. 13.0 12.5 12.6 12.6
Dec. 8.0 8.7 7.3 7.7
Mean 154 15.1 15.6 15.3
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Appendix 3. Monthly mean precipitation(mm) in the western part(Gosan)

of Jeju island.

Year
Month
1999 2000 2001 2002 Normal

Jan. 96.6 58.1 82.2 28.8 37.0
Feb. 34.5 74 59.7 50.2 56.7
Mar. 110.7 37.2 9.8 62.0 74.7
April 65.3 285 57.1 70.6 114.6
May 117.1 67.7 447 96.1 119.1
June 120.3 1215 237.1 52.1 200.2
July 575.3 94.4 163.3 273.7 213.3
Aug. 371.2 229.3 196.7 308.7 165.2
Sept. 171.7 198.2 187 111.0 103.2
Oct. 36.8 71.3 136.4 76.6 61.0
Nov. 21.8 90.0 57.4 52.3
Dec. 23.0 10.7 99.0 41.7
Total 1,744.3 1,014.3 1152.3 1,239

Appendix 4. Monthly mean sunshine(hr)

Jeju island.

in the western

part(Gosan) of

Year
Month
1999 2000 2001 2002 Normal

Jan. 128.7 62.6 97.6 102.0 1279
Feb. 158.3 149.0 1154 187.0 155.6
Mar. 142.1 205.1 310.2 166.7 209.2
April 241.4 217.0 226.0 132.3 224.9
May 257.5 216.0 175.3 122.9 265.0
June 178.2 146.8 128.3 200.0 178.8
July 142.3 211.6 231.8 121.7 238.0
Aug. 125.5 254.7 443.7 166.6 291.2
Sept. 157.7 194.0 664.7 230.1 243.2
Oct. 206.1 164.4 190.2 175.1 234.0
Nov. 153.3 156.7 1775 181.4
Dec. 143.6 140.3 80.5 137.1
Total 2118.2 2034.7 2050.3 2,936
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