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Summary

In order to develop an off-season production system for Satsuma
mandarin, experiments were performed at Cheju Provincial RDA for 5
years from 1989 to 1994. Early Satsuma mandarin cultivars (Citrus unshiu
Mare. cvs Okitsu wase, Miyagawa wase, Ueno wase) were grown under
plastic greenhouse condition with various heating time, and the
characteristics of plant growth such as flowering, leaf, shoot and fruit
developments were compared to the control plants grown outdoors. Soil
water contents were managed to improve the quality of fruits by cutting
water supply from 60 days after full bloom and the changes of the fruit

quality were investigated. The results obtained were as follows.

1. The fruit harvesting time could be controlled by growing plants in the
greenhouse with or without heating. The fruits could be harvested
from early June, early July and mid-July by growing plants in
greenhouse with heating started from the 1st of December, the 22nd of

December, and the 5th of January, respectively.

2. The growth periods were little different among the cultivars in greenhouse
with heating. The harvesting time of Ueno wase, one of the super
early lines, was eight days faster than those of Okitsu wase and

Miyagawa wase.

3. More spring-shoots, less number of nodes, and longer shoot resulting
from longer internodal length were observed in the plants grown in

greenhouse with heating as compared to the control plants.
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4. In the aspect of leaf structure, the palisade parenchyma was compact
and three-fold outdoors, whereas thin and two-fold in the greenhouse.
Larger intercelluar spaces in sponge tissue, better developed vascular
bundles, less stomata per unit leaf area and larger leaf area were

shown as compared to those of leaves grown in the field.

5. The photosynthetic rate of leaves of plants grown in greenhouse with
heating was faster than that of outdoor under photosynthetic active

radiation (PAR) 500-1,000 x mol/m’+sec at noon.

6. The photosynthetic rate of plants grown in the greenhouse with
heating rose to the highest at between 9 and 10, decreased between 12
and 14 and increased between 15 and 16 o'clock, whereas for the
outdoor plant reached the fastest at 8, gradually slowed to 12 o’clock,
after that no changes. The photosynthetic amount per day of the plant
in greenhouse with heating was two times as much as that of outdoor

plant.

7. The fruit juice Brix contents was 12°Bx for the greenhouse-grown
Okitsu wase and 10.6°Bx for the control, but there were no significant

differences in fruit juice Brix contents among cultivars used.

8. The acid contents of fruit juice were 0.97% in Okitsu wase, 0.92% in
Miyagawa wase, and 0.82% in Ueno wase. The ratio of juice Brix to
acid was above 13 in all cultivars grown in the greenhouse with

heating, so the quality of fruit was excellent.
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9.

10.

11.

12.

The potential of soil moisture at 20cm depth was between -0.02 and
-0.12MPa in the greenhouse with normal irrigation, -0.8 and -1.5MPa
in greenhouse with drought treatment for 20 and 40 days, respectively.
The width of fruit at harvest was 734mm in normal irrigation. As
compared to that, the size of fruit was 7.2mm and 13.4mm smaller in
drought treatment for 20 and 40 days, respectively. These show a
tendency to suppress the enlargement of fruit as the time of cutting

water supply was longer.

As compared to the fruit peel thickness of 2.0mm in the greenhouse
with normal irrigation, the thickness was 0.4mm and 0.9mm thinner in

greenhouse with drought treatment for 20 and 40 days, respectively.

The fruit juice Brix at harvest was 89°Bx in the greenhouse with
normal irrigation, 10.8°Bx and 12.8°Bx in greenhouse with drought
treatment for 20 and 40 days, respectively. These show 1.9~3.9°Bx

higher in drought treatment than that in normal irrigation.

The acid contents in fruit juice at harvest was about 1.0% without any
significant differences among the treatments. The ratio of juice Brix
to acid was 9 in normal irrigation, 11 and 14 in drought treatments for

20 and 40 days, respectively.
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Table 1-1. Temperature management according to the growth stage

(unit : C)
. . Physiological .
Growth stage Budding Flowering fruit drop Maturing
Highest temp. 22~28 28 21~23 28~30
Lowest temp. 16~23 23 16~18 24~25

BHS ol 50%7F 3mm ol4 ARE @, BIEME 50%e] Fol AUL o, MBI
M= 70~80%2] Eol WYL o, EEMEME FEe) FEil wdLo] 50%UE
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9 10M(EHE 3, hRE 4, TEH DE AR5 7AA o], vhr)%, vhrjol, 92
o, YE, YFAE ZAAY D, BERS BAHL A4S EER MEB(Delta-T)
£ A183le mEstac
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o, 99 BE, X&E ¥ ¢ Kpotentials FAIM FEAH.

K &REEE Ll-corgAe) Fohg XA HEBLI-620008 g3t BT
o, BEE EEHKS 836cm’, CO: ¥ % 520ppmo.2 EEsI o

Yo BErol W KAREES KER WERS chamber THIFE S8 EH3)
3 AR dA% mEe KRS BHHINAA AEISAD. Fo KBXES BH
A shalsh ate]l o 9HE HEE o] g8t PAR 50~1,800 4 mol/m’: sec
o XEFEE @EAA X BES ZH3Ax, 49 ZAFH Ao K& Ro|RAA
fEREES WESAD,
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<& 2 > LHEAKHAG] RE WHEA A= BE

1. BEEE U LKA

THAGHG ] REBEA vlxe 3% 19909 FH 1993714 AFe s&18d
F7ERAL ERANA AAEYT BEEEE A FPAaRd Fatod @3,
RS AlZSEA #R 20T, & 16TE AR 815 1TH 258 w9 74
Foll= #H 28C, &M 22~24C7F H =& 3t

BIKRES] ARS HES HESd HF 30mm7t He AHE 7IFoE MR
609 HFol| AlAatdon], a2y 2-104 B uieh o] BkiRS &EEK , 20 B
KR 409 BrkE AU 1990dd = &EFK 9 20Y BikE AARed,
199230l = 20 Bkl 409 K, 1993dol= 409 BiKE AU

Normal irrigagtion

Without irrigation
for 20 days ('90)

Without irrigation
for 20 days ('92)

Without irrigation
for 40 days ('92)

Without irrigation
for 40 days ('93)

I J 1 1 f l I
60 8 100 120 140 160 180

Days after fullbloom

Fig. 2-1. Drought treatment in the plastic greenhouse

O Indicates the time of suspending irrigation.
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REO HEA gEL 19003 = @BA% 43, 19927 199330l = MBA%k 3045
B Azt 3tk BE RE 100 MAHsto oF 109 Aoz FESF AL

BE, BE RETA 52 1990dds WK 844, 19929 = #BA% 77¢, 1993
dEdl= MBI 93YFE oF 10d nHoz @BEGAM F7), A7 Fo] FUY
A& 5SHE MH3A WEFAD. REFAc RES 45839 42 e AA WEst
o Pt WEe RES WES AR 2
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AN 29 EmEEdA 40do] 28 5Ux, BHES BHFHMT 49 8UolUT. BIFH
WELZR S FFEARE mEEAA 20~30Y, EmBEAAM 0Yo] 28HAUEY,
FHEANE 4290 22 HATHE 1-2). olNY BFYFE WEAM7A S e R
ko] wil 2 zolE RALH ol mEAMS aRRE] BEV AR d=27] fE
o £ zlo]& Uehd Aoz AZHUG

# Lo} EHEIRNE 25C2 7hedtaed 129 mBES 19 mBE =5 1549%
of BFAUL, 20CE mEstdem 129 mBEE 129%, 14 mBEE 8YdF B
FE Aok A

el KERBE 129 19 mBEE UL 64 FE5FE e, 12€ 20
J mEEE 7Y A 19 59 mEEE 79 F¢, SYmEEE 108 ¥, &mE
EE 109 F&d 88 4 o] mEssidl et KkiEms 29 ¥ + AV

Rz MmBEE SEH AEHE] Aols A dRoy, BFERMY L
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FFEE S HERLEY EIR4L vstd FaFLZ wE Fgo| A0

EK(1994), AEF FEHNPDTE KHmZAN KEHE BFERMO w220
Yegol T HolA B2 N FHEREE KEHS Rg3te d77F 8sida 3§
At

MR BREEAA MEBEEE MBMAKYE WA ReEES 22~28T, RER
EX 16~23C7F fASE2R 4£F0] Ex2HoY, EmBEE W o BEX7)
Aa, BB $a BEEC] Eo} &Hel FolA=z 1993dds REEBEEE 12
T2 X3 WemEs A% 22 EmEEC vgtd RESE ZA HFEHA
FRoy WHEHE 10YEE BREEAT olE mMFEFU94)] BEERKY HE
138 F%5¢ 129 s¢od REEE 15CE A% mB#gz 1529 RES 94
of A & UAcks Ae) v uy o HEREE 12CRY o g9 F+ 3] #3itt
I BEEATH

AFBREHZ BEel 129 1Y MBEY AFHESY RERES vug o=
# 1-30A ¢} 2o] FEAA BREFMEAMT 1Y FHRE] 10T o] He 3¢
11456 28dUo] Z7a 49 8Yolglan, o] 7IZHEt FHRE 10T o4 HEER
e 1834THT, FHEET 108TACH 129 14 mBES BFFEAHT mE
#® 8doln, MEAKE L 40T, FHEES 175CTA. FF AN BIEHAA A
EABE BE 31Y, mBE 199c9en, BERES BHE 4555T, miBE 433
CTHE, FHEEE BHE 147C, MmBE 228C Ak BATEMA HBI7IA Bit
Eo] £FAEHNS 11Y, HERET 1932THor mEET AFFEAN 10Y,
WMEEE 2285TH

BRI Y FEBR7IA BHES] AFAME 47Y, BEEES 32046T, FHR
B 218CHon, mBEE AFMEAY 136Y, REEEE 33475T, FHEE 246TAL,

rr

BEFWTE BEEHGEIZLA & AEEERE BHE 21794 b3t milE 17392
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Table 1-2. Developmental stages of Satsuma mandarins grown in plastic

greenhouse heated from the different dates.

Developmental stage (Month, date)

Treatment” Cultivar Date of Date of Date Date of Duration of
bud of full peel
emergence flowe bloom  coloration harvest
Okitsu 12. 8 12. 28 L 8 5. 24 6.15 ~ 7.25
Heated from
Miyagawa 12. 9 12. 28 1. 8 5. 24 6.15 ~1725
Dec. 1
Ueno 12. 9 12. 29 1. 8 5. 20 6. 5~7.25
Okitsu 12. 28 117 1. 28 6. 9 7.10 ~ 8 30
Heated from
Miyagawa 12, 31 1. 20 1. 30 6. 10 7.10 ~ 8 30
Dec. 20
Ueno 12. %6 1. 15 1.2 6. 4 7. 2~830
Okitsu 1 12 1. 31 2 5 6. 15 7.14 ~ 9. 10
Heated from
Miyagawa 1. 12 21 2 6 6. 14 7.14 ~ 9. 10
Jan. 5
Ueno L1 1. 30 2 4 6. 10 7 5~9.10
Supplemental Okitsu 1.27 3 8 313 8 16 100 5 ~11.5
heating from Miyagawa 1.7 3 8 314 8 16 10. 5~ 115
Jan. 5 Ueno 1.6 3 8 3.14 8 13 9.3 ~ 10. 20
Okitsu 2. 14 319 326 8 25 10. 15 ~ 11. 10
No-heating Miyagawa 2. 14 319 326 8% 10. 15 ~ 11. 10
Ueno 2. 14 3. 18 325 8 17 9.3 ~10. 20
Outdoor Okitsu 4, 8 5 9 5 20 10. 25 11.15 ~ 12. 5

Y Heating ended on May 30 for all treatment
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BE7E 4do] EREAL, & RERETS BHE7}F 4037C, MRETS 4149TE mMRE
7F v w9k ole #EFHC BAiEe] FHEE 125T, BRBES 16T oY, BTE
B7bA FHRES Sl 1447C, Ex#EEs 17C odo] dasids Bust vxd

73 &ol ATH M, 1983)

Table 1-3. Average and accumulated air temperature, and duration of developmental stage in
Ckitsu wase Satsunma mandarin | under plastic greenhouse and  outdoor

condition.
Days to Budding Flowering Full
Growth stage buddi to to full blooming to  Total
flowering  blooming coloring
Outdoor
Duration (day) 28 31 11 147 217
Accumulated temperature(C) 183.4 4555 193.2 3.204.6 4,037
Average temperature( C) 10.8 14.7 176 21.8

Plastic greenhouse (Dec. 1)

Duration (day) 8 19 10 136 173
Accumulated temperature(C) 140.0 443.0 2285 33475 4,149
Average temperature( TC) 175 28 29 246

ol el RS T MEES FHES £FRNE vlustd BW, FIFH A
#BAME 7H2) PrEAES #7F 2 AL HBAHEF £FH BE T Rt BEREG
g27] gFels mREAN REMdE BREE RHED LHP4E dh WES BE
g 5 AU



2. 7tX|9] £ &1t Ao B

mEE S @iEolA el BAE 2 BES A AAE & 149 2ol mEE
AX FEe] AT E KE 378712 BHE 4827000 HI& 22%7F Aok 7119 o]
T MBEAAM 222cmE BERY 6cmrt ALY, vy HE 7878 22771
A, vty o] Zoles 28cmZE 1.2cm7F Z At

ol HES(1984)°] #rie] ol ¥ F4e Wi HARE ZF 1~5cm
P 7Hd B Ba#EEANE Som ol #Hi EEFUE A2 HEo K
RBEAMET 5em o]de Hedx Btk &R, HE HTE HkRe] KRRK
AlA 2.33+0.72cm, BHIRIEANM S 0.96+20.38cm7t Ho JFaukigel vl w3l KRR
A e GRAROE ARl REFY 7HXE0] Btths R 22 Aol

Table 1-4. Characteristics of spring-shoot in Okitsu wase Satsunma mandarin

grown in plastic |greenhouse and outdoor

Number of Length Number of  Length between
spring-shoots nodes nodes
(No./tree) (cm/shoot) (No./shoot) (cm)
Heated plastic 378+ 36 222+2.7 78*1.6 28*09
greenhouse
Outdoor 482154 16243 10021 1607

MEE S} BHE U9 SALS £ 1-59AM9 2ol mEBEEE HT 1EE EEo
404cm’2 BHE 215em’RYh oF 2viAE Wk mEEAA Q9 Zolrt BY:,

o Fx WAd 99, do S FHENA 0377mmE miEE PR} 0.055mm
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Sgth miggkizal A o WHo] FrHE AL FASH #EH(1991.), Shiraishi(1989,
1990), $1/8 S(1984)0] X1 Yuka BRERKIY o] vdA B2 KET RI &

E7h 27 dEd Ae2 A7dd

Table 1-5. Characteristics of leaf in Okitsu wase Satsunma mandarin grown in plastic

greenhouse and outdoor

Area Length Width Thickness
(cm®) (cm) (cm) (mm)

Plastic greenhouse 40.4x159 10.57=1.79 544+1.12 0.322:0.049
Outdoor 215% 50 8.26*1.01 401x047 0.377x0.041

Qo] 7zE wrt AAsA BEE] Aste] EABTFRME BEOEZ FHARBE =
A A3 FAEEE mBEY do] BE ol vided gARHT KAKE AU
o K2y 1-1), EESo] oF 2u) HEo|r] wEol(k 1-5) 1 EH¥ FAHES vx3A
o =3 Q9 T KABREAY dgol A& Aoz AZAH d9 WEEERS
ANG A3 BreEe e HkAKe MiEr gEsty 3FEAH v mEE 9
@7 3 29 Hgoy 2R oknm, mARRERS oS MAEmpRel A FER
o] Hwmoel F weso] Y& #FA ¥ F AU 1-2, 1-3).

olhpe WIS LT Qo) o @Mel HEB( tatd FE S8 K
kol FRksr BMEHY HEDR RES ¥Fva AFoAM, Shiraishi(1989,
1990)= @M% o] EFcuticle 2 ALY ETEME ARANA FUS vE AAE
B nE v gl

ole}zo] mBEEANME EEKCl Wi EA MR BAEKER Aol MRl
4 #EHolglol AikEol Bolxlx HH Bgo] Fsdta RYPdM Frd B-AS
o] ZFo] 4¥3 olFolxmeN AAHoT MEBRE7 FHE vlq Fredoe
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7hA 9 £ BT Qo HEE BRT AHE 2% BY, HHs mBEANN BERM
7b @ty @kEel do] ol A¥gelnE WE, JHAEHY], BR, BRE R &
o] RIBWHES HWhHK T Aoz HERIANJL d& WIARBEZL E@AK
W1, EREGo] F wasrzy #.k5 FE B F olFolH BKERC]
HE oz AU
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Plastic greenhouse
Fig. 1-1. Electron-micrograph of the lower surface of leaves of Okitsu
wase Satsuma mandarin grown in plastic greenhouse
and outdoor



Plastic greenhouse

Fig. 1-2. Transversce-section of leaves of Okitsu wase Satsuma

mandarin grown in plastic greenhouse and outdoor
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Plastic greenhouse

Fig. 1-3. Transverse-sections of midrib of Okitsu wase Satsuma
mandarin grown in plastic greenhouse and outdoor
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3. MEERFIE BINEME XS BES

EHEA Aol X RES AR KMo ¥ES Po] Ft EROZ MY FLY
Re mAfLY EHS 4o HE kAN KRR K BEL XEBUERHR
5f(Photosynthetic active radiation : PAR) 900~1,100/1md/m2-seci BEe] PAR
1,800 ~1,900 ¢ mol/m’ - secll ¥]&} 50~60%%& FEolATh K] BME wE XERE
Eo) #bE oo @It XBe Buyss 7
BFHEANNE KABREE7L et BEA EHY PAR 1,000 2 m/m’secdte] CO» &

(a9 1-4) mEBEEY JL& F2 X

EREE BHEME PAR 1900 gzoo/m’secl X Fide) CO, BERERTGE ¥R
T Qo] HEIY KBS BHUSHE(2Y 1-5) CO. BTEE #HEol @ R
ALy 24 Fo UYL MEE YA CO, BEXRE7 we ZAge v
7bA Aot

Q) k@Y BES Xa®Ee HUFA7} i R AFoAW AL KEH KE
o] ¥ER HE BERM vuE KEHEET $& 124174 A7) HE o
Azt At

PEFE198NS 213 Yo KamEhe @ RED B FdolA dol BatHi
okgk Ko 3 Kol XAEZ BEtET Aol BREFE Eobdon, FkE (1985
Bamel = oA M e KAREEES JEhAR, KFS1972)S Kef
20 oF A0Kluxolil WEB-S 1~3Klux 23 2 AT

EHER A9 19%F XAREES REFH BMLE 19943 59 1893 749 159
28lo A HAET KR, 29 1-60A 2E upsh o] KEHEETF MBE A
= oA 9A o 16umi-CO/m-secE HHE Holi 134 webhthzt 16410 o

A} 10 g moCOx/m* sec® el F A3 =dAs Aot BENNE oA
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[—y
o

=-1.336 + 0.017X - 6.630x10°°X*>

\ © 0 (R¥=0.952)
O

(9}

Y=-3.794 + 0.00759X - 1.56x10°Xx?

Photosynthetic rate (zmol-COs/m’-sec)
o

, (R’=0.871)
5+
L e
‘ o Indoor
t e Qutdoor
-10 : : !
0 500 1000 1500 2000

Photon flux density ( z mo/m?:sec)

Fig. 1-4. Photosynthetic response of Okitsu wase Satsuma
mandarin to the different photon flux density
illuminated on the upper surface of leaf grown in
plastic greenhouse and outdoor
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o

Y=-1.45 + 0.008X - 2.623x10°°X? (R?=0.861)

W

'
n
T

Y=-2.41 + 0.004X - 1.09x10°°X* (R?=0.803)
o Indoor

® Qutdoor

Photosynthetic rate (zmol-COy/m’+sec)
o

110 s :
0 500 1000 1500 2000

Photon flux density (  mol/m’*-sec)

1-5. Photosynthetic response of Okitsu wase Satsuma
mandarin to the different photon flux density
illuminated on the lower surface of leaf grown in
plastic greenhouse and outdoor
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8Alell H:xQ1 7 pmdCO/m* sec? 28], A8 =2A 124] o]FoE atolgle]
AT 19% XARES MEEY BHELT 2AE B AoE Yehygr

ANEFE(19800S 109 A& 2 2 19F KABEEE 23 10444 114] Aol
Mg e e UMD e, B A7 1409 ol RolERe A
Al719] A Apolol wE At AzHE AT

XEREES 1495 KR B5olA 130 Ao XEREEZE 2ol 21e& 19 1-7

A B whet o] 13X U9 BEV /MY & AR A& o BEY s
o2 A% WRE Frbol A% Aoz HFHT. ol KEFS(1972)0] BMEH oA
HEXSHREEE Eilo| 35T ojddAE HREkd wat KT 25T WedlA
7t w=doE 2o 2 Hgo|A.

Y ABGRES KR e WS E vnste] MA(IY 1-8) KAREET 7HE
WHHA PARS 700~800 zmi/m’secolUth. ol KEE(1972)3 XS (1991
o] Byl o3® 800umd/m>sece] KET HE/ BESE F 40Kluxo =0,
BEBMEH S XefFiclets ARt 22 Aot

NEFOE AR978)E AFHMS XERES 57 58 o] ghegdl H5 50%0|

3 RiES B ASAHT~8Y) % 29C, 1084 22T Hd XEREEE Y
Bt et

$ Kfpotential®d] FheHy WSE R FFQ -1.5MPa o|&2 FBolHTHY
1-9).

Bk 5(198%)¢ 9 K% potentiale] -15MPa(-15bar)olat7 S AellN FAHE
E7 B3] Aldsta XEmIEAe #2%E -1.5MPa o] 4olojof grka ahlchE
5, 1994).

ool ZAME Mol REARMH LA KamEET 0] BiaksE vls mid
BN €953 ¥ AL & F don, 9o Ml % ABE Hiol BRTAME
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Fig. 1-6. Diurnal changes in photosynthetic rate of Okitsu wase
Satsuma mandarin leaf grown in plastic greenhouse
and outdoor
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Fig. 1-7. Diumal changes in leaf temperature of Okitsu wase
Satsuma mandarin grown in plastic greenhouse and
outdoor
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Fig. 1-9. Diurnal changes in leaf water potential of Okitsu wase
Satsuma mandarin grown in plastic greenhouse and

outdoor
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£ 5(1994.)2 REIEAS HEMFE EBEAA 193 REY HEEXES BED
AE ¥ A9 MEM(r=-8872)o1 Y TIANFFE FAY MHBGT=-0717)°] Yo &«
A A dAHE Ao & 4 A}k

FH (1994 REEXYY BEZ REHF 2 0HA vixc 2ES HAR
fERAM REIEAT H2XE 24T2 223 Bt JAHUL, HEE 20T 2
A3 EolM REERT 21 MEE: ok oy dE BHEAE 2 Al U
o S mE (199402 23 £HE BRE KTH A= UTEAMNE K5
stress& 7ZEHA Wol 0TE ulst REIEAZ AA HAoU Ao welxx
fEel mEs AT ot

AFERED RERY MHBEEE #BARY BRE 16, REEXHAdE glucose
26.6%, fructose 27.2%, sucrose 462%2 sucrose’t 7HE Etoul, FEfidl:
glucose 35.6%, fructose 36.5%, sucrose’t 27.9%% MR I7E W HAUT, KB =

glucose 25.6% fructose 24.6%, sucrose 50.0% 24 sucrose H&o] thA] 718 ol r}.

Table 1-6. Sugar composition in fruit juice by fruit-maturing stage

Fruit-maturing stage (%%)

Sugar

Size-increasing Coloring Harvesting
Glucose 1.274 (26.6) 4.197 (35.6) 3.268 (25.6)
Fructose 1.305 (27.2) 4.311 (36.5) 3.166 (24.6)
Sucrose 2.214 (46.2) 3.299 (27.9) 6.455 (50.0)
Total 4.793 (100) 11.807 (100) 12.884 (100)

() indicates the raito of each sugar to the total sugar
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Ao AZEQon o|Fol: MK ghutaiA WHEHo| Wik 190Uol= 090~
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Fig. 1-14. Changes of acid content in juice of Okitsu wase
Satsuma mandarin during fruit developmental stage
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Table 1-7. Characteristics of fruits in Satsuma mandarins grown under different

heating conditions

Frut  Shape Fruit  Ratio of

Treatment Cultivar width index  welght fesh Brix Acidity °Bx/acid
mm g % % °Bx %
Heated from Okitsu 6L.7 130 936 80.4 126 090 14
Dec. 1 Miyagawa 60.3 136 870 80.0 130 090 14
Ueno 60.9 132 87.1 79.0 120 0.70 17
Okitsu 60.2 128 938 81.8 128 1.03 12
Heated from
Miyagawa 64.3 133 1086 81.3 135 091 15
Dec. 20
Ueno 61.0 135 96.0 784 126 09! 14
Okitsu 59.2 129 86.0 713 127 1.00 13
Heated from
Miyagawa 58.0 128 9%.3 786 130 096 14
Jan. 5
Ueno 59.3 129 85.3 787 119 0.8 14
Supplemental Okitsu 63.2 128 9.2 783 114 0.76 15
beating from  Miyagawa 63.3 126 1009 799 11.8 0.73 16
Jan. 5 Ueno 59.4 125 755 727 100 0.65 15
Okitsu 61.0 126 926 81.8 11.8 1.21 10
No-heating Miyagawa 58.0 127 90.0 81.3 124 1.19 10
Ueno 60.6 123 86.8 784 10.1 1.05 10
Qutdoar Okitsu 65.7 125 1122 720 10.6 1.21 9
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Fig. 2-2. Changes of soil water potential at the depth of 20cm
in soil as affected by the different durations of
suspending irrigation.
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Fig. 2-3. Changes of fruit width of Okitsu wase Satsuma
mandarin as affected by the different durations of
suspending irrigation.
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Fig. 2-4. Changes of increment ratio of fruit width of Okitsu
wase satsuma mandarin as affected by the different
durations of suspending irrigation. Increment ration
based on the width at the begimming of the
treatment.
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Fig. 2-5. Changes in fruit index of Okitsu wase Satsuma mandarin
as affected by the different durations of suspending

irrigation.
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Fig. 2-6. Changes of peel thickness of Okitsu wase Satsuma
mandarin as affected by the different durations of
suspending irrigation.
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Fig. 2-7. Changes of juice Brix Okitsu wase Satsuma mandarin

as affected by the different durations of suspending

irrigation.
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Fig. 2-8. Changes of acid content in fruit juice of Okitsu wase
Satsuma mandarin as affected by the different durations
of suspending irrigation.
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V. # -3

BMEAS] wEH MEERE Gt 19899 FEH 199437k AFE FEIFE
A RBEASS ol¢, BER4E, FIR4E, EFFA(Ciurus unshiu Marc. cvs Okitus
wase, Miyagawa wase, Ueno wase) £%& MMl #adsta, mEpwHe 22s
o £F 3 LEHHS FrEsd va RESRYC £8 RAEMS Eak mEs
9stel #BIE 0UNE BKEEER tHEASS =AY F REY LHELE #HE
St d v, 2 BRE L%3Y HS3 2o

1. Meskite] REKEHE 129 19 mEET 64 4¢, 129 20d mEEE 78 4
£ 19 mBEE 7Y £&, AymEES 109 4, EnBRES 108 &, B

#e 119 FeFHAS

po

2. MBEA SIEM A£BHRHY s IA FFou K= BREARMY LEF
Fro] MERiolu TIIF4 vldte 8~10d 3.

3. mBEE FEd vlste & LAY ggon, viges Aoy vl ol
7} Ao} 7hA1e] o7t 2

4. 99 FRE BHEZ #RER) &Este 3HAY v mEES 2@o2 %

o EARRKAERS Mol Ax FEHRS MERC F FEHJLT, B BHES
FR EEES WA

_65_.



10.

. A 2. Photosynthetic active radiation 500~1,000 umd/m’-sec ZA9] Kkl A

EE o) XEREET BHE o 2o SulAEEA BERAY I XETEE
A mEE Qo KEMES] BT

C19F AEREES mMEBREAME 23 9AFE 1049 7HE ®wRon] 1224914

147)19) =2 Hh7F 1521538 16A] Alolol UA] A5, BHES 24 8Ad
73 webd gzt 1224704 =3 A 1 o]F & Apolgle]l AYPHU 14F KEW
B mBEZ FHERYG 2AE 2 Ao2 Yeiytt

. REY BES mBEAAN BEFR4L 12°Bx oldoldoy, BMEE 106°BxE

oo, mERd = 2 Ael7t il

. RES BMET mBENN BER4L 097%, E/IRE 092%9 vt LFRELLS

0.82%2 o ERMILE 3FF T3] 1301022 BHE 99 vty @mEl ¢
T3t ot

. BRSO AGRBAN EHKES EA 20cm FoldlA LK% potentialE -0.02

~-0.12MPa Y A=H Hlste] 209 BKEE -08MPa, 40Y BiKE= -1.5MPa
7HA] EEHENoH, RES EAE KEH RE HEo=R vudd EEKE
734mmoll ®lEted 209 HIKEE 7.2mm, 409 BAEE 134mm7t 7tz zobA
BikHEIRlo] 2% REIEAE JAHE BN

R FAE EBKES 20mmeo vy 20d BAKE S 04mm, 0¥ EAE =
09mm SgFel At



11, B Wil £ mES EEXKE 89°BxIed vldtd, 20¥ BiKEE 108°Bx,
409 BiIKEE:S 128Bx2 EEKEA v3ld 19~39°BxE i

12, BE WFEH Bite MEES A 2 o)zt §lol 1.0% Ao, Rkt
= EEAKE 99 HlEle 0UEKE 11, 40Y BKEES 142 =it

_67_



VI 51 H XX RK

. RKEFBT), B B, XX & AMEYT. 1972, REOXGHRIERICHT 2 HRGEIH).
BEEG» N SREBEICRIZTEE HEBH 41(2):144~150.

. REHN, REFY, BREHFEH. 194 ~7X I 2 AEELEAR (2) REEX:
mE DMk HARS. BURBE(ERE-HE- i) 653 ~654.

. KEHN, KB, REMFYN. 1994 ~7R 15 REAREAR Q) FEEED
HDENEM - BHBOREY. AR REEE(HRE- 55 fil) 655 ~656.

. BFR. 1994 REARBGHE). XE. pp 17~24, 139~182

. BREE, B ) 198l ERBE T L2 v 1V RBREDEGRE L FHERRE
ICBRY 2 BISE(E2%R). 0THIEIC & 2 B« Hra%E. HEPGAMIRES: 794,

. BE BB, XEBO, AR, GEREE, ABYT. 1974 REOKXSHERICHMT
HHECE2H). X EHEE T, HEBH 43(3):200~214.

. BB OB 1979 BMIACICBITARENOAKESILERUMEE L DM HEREH
48(2):162~168.

. GREBER 1988 VR I A VRBBIC BT AEKOLEME LR B¥EB LU 58(5)57~62.



10.

11.

12.

13.

14.

15.

16.

C s, dkE, e, BT 1993 HifEvld AT TRl KD Age

Ed vx= FE BEE. 34(5):368~377.

s, e, TFE, A 1990, AR LRKS RHE) Wk UL
RELE VA= ¥E BARIERXERRRAR). 338189

e, A E, BFE, A, EFA. 191 HERHRA LBKSRE] & KD
Zdds RERE Ve FEB-£8 KoXAY AHE R REEMS BE
BIFRIEBEERBHRR). 34:53~60.

e, el F, HEE A, EFA. 194a. MERHEANA BREET XEKA
RES &E vAt BEQ). BiAEEZ REREA vis PE RERIEE
¥ERHEB). 36:31~36.

s, E52, ITE, 5%, 1994b. KRAEANA BKEET KEHI RE
mE WXE BB BiKEEZ LBKS potential # S EE nlAe ¥
£ BERVEBRERRRR. 36:21~29.

BERR—, BWTE. 1994 FTRK OMEBER2FRPECRIITHE AERA. K
RME(H &R Pd)677~678.

#HEE FEH B 1987 B4 avihonXFEomBtsils & OmBEoRE
L oBNER. B¥ B L UEE. 62(6): 81~82

#HE K BRE B 198 EBERKTROVY 27 I REDIEKERBEICRIZ
TREEORE &)X BETBMRE 40(1):31:~36.

_69_



CFESE. 1982, FABMOMEBE Y AREIC BT 5 LBRSEEA). BESLUE
& 57(9)67~71

CEHERE. 1982, BRAEMOME 7 AFEFIC BT 2 LBROEFQ). BEBIUE
8 57(10):65~70.

CNEHEE. 1987, TR 2 Ay OAERE L MER E(D. B¥S L UEE 62(12):53~60.

CJEHESR. 1988, TR I A OEEREEL SHER Q). BES L UEE 63(2):66~170.

 JIEHEE. 1988, VR I A OAERE L MER Q). BEL L URE. 63(3):64~66.

. NIFHESE. 1988, 7R I A DEERE L SEM Q). B¥B L VR 63(6):57~60.

 JEFHERE. 1988 7R I A OABRTE L SEMLESG). BEL L UEE 63(7)57-64

CNEHES, NE R 191 N2 A OEERTE & BEREEICHT 2HEGER). X
PREEQECRIITRE HEPBH 60 HICGEE):676~677.

. E B EFFHE, REF B 194, TR Iy 08 E EEGRLAR. (1) 2RE
BEHEERTHROWENEE L KFA PV ARUVRERE BARRA BEEEE(FRE-H5- 1M
1) 663 ~664.

. ¥ B EFIFEHE, KEF OB 1994 8N omEmRRsEmEr SRR (D
EMEREICET 2 RBORE. HARR. BUREEHER -85 -#B)671-672.

_70_



31.

¥ B EFEE, XF B 19, TR I oSEREREGHIAR (2 BR

PRIAORSR VBB DE v &t RESHE. BARA. BEHECEE -5 - 8660 ~666.

E & EFIFEE KB B 1944 7RI ORER EEGEZAR 3) BE
Bic 517 2 HKER OB & REDE. BARS. PEHE(HRE- 355 fitl):667~668.

mE & EFIFE, XF B 194. TRy 0REE EEGEISAR. (4) B
AR BIERURERECRITHE BARE Iz (EE- 35 fuf):669~670.

mE & FBUEA, EFEE 1994 8N > oEEMEBERECHT MR BR
FEHhETHEE 33(1):700.

AARED, FHR {1992, 7> 27 I A OBBREIC BT 5 EHET DRy
t. HEREH%. 61 BUIICEM)4~5.

HBREF—, BRES 1994 BRERMN "EEIFL O FREIC L SHEFRE. B
ARA. BEEME(ERE A5 8):679~680.

FTHFAE 19U, FHFAFT AR pp 82~119.

HERAE, FREEL 1990, TR IACERNEBREFLEORG. BESH 59 3
102 #):20~21.

BARAE, FREE 190 7> 227 IH 207 ZARIEC BT 5 R OB K EE
»RESH, RELEB S UFHBEICRIZTREE BESH. 50 JI2086):40~41.

_71_



39.

41.

FAAA, MWAEEX 191, BERET > 27 150 ONEROEN & BEEE
5. BEBH. 60(1):61~69.

FABA, MEEEX. 19, 7> 227 IH20" ZOREEEEI X SRICRIT
TEE NEEBRR 54137146,

. BRAKIBA, MEEEXR AFERE 1985 7> X VOXSRIER L REEEICHT 2H

FEBIR). 7> 227 37> OXEGBIFAOEEMERIC OV T MNERBAR 45147~156.

FOKIA, HEEEFR, KERE. 198%. 7> X VOXSRIER L EREZCHTH
FHZR). 7> a7 I DREBRIERICRIZTAS O E. MRBRAR. 45:157~166.

MK, SARKE. LWAET, FEBZ, HIIBE SAES. 1995 K2 L 2 gE
LAaw> a7 i BECBITIENAHMER DEEBH 64 FI1ES):66~65.

KHEHER, tWEEEX 191, 72 72 ORISR EE BRSNS ICRIZTEE.
H B8, 6071(FE#):12~13.

FEFR, R4 ZAY b 1902 ~NTRAT Y R GBOBTE L BECRITTABE
oKk v 2o AERLH. 61 JI1(EH)42~43.

HARBERIRESE. 1994 BAREHHT. 76~125.

FEEWR, M)IGLE, RIBIE 1984, i@ v 2 & BBREEMI 7> oKEL BE
DAL, B¥ B L ' BE 59(11):55~60.

_72_



45.

47.

49.

51

52.

HE 3, KERL, H8 3. 1990, 7 a7 s BEROXGHERE L FTEOM
R HEESH 59 FU20RH):52~53.

B g ABERE B8 3, BHULK 1991 727 I A BEEOKEGBEE-
EROBELBEEOKXEHREVGRGIEE HEEH 60 FI2(R4):16~17.

BE t KERL 28 . 1995 KA ML ALY a7 sy REDABAR
Eoiem BAEEE 64 PIES)14~15.

KT, mAFHE 1994 mEAT AR H T ABFEEEMORAELE. BARA
NEME(ERE 28 10H)681 ~682.

NEFRESE. 1982, B I A DXERIEAB & UEERBEICT 2 HRCESHR). FIRHE
Eh b ARBUERMAIL TR E ERNEERHE MIREAR 40:78~91.

NEFRESE. 1983 M 2 A OXERFA B & CEEREICHT 2 HRGEH) - KR
Bih b ARHLERVHEL TORK L ZROEEM:S. MEERAR. 41:81~100.

ANBFEE, AR E. 1978 BHI AL OXESRERB L UCEEBEICHT 5 HREES
#) BEBCBTABEERINAOKSREECRIITEECONT. MNEREAR.
321~12.

NEFRESE, KE E. 1982, BM I 2> OXEEHIER S X CEEREICEY R4
). BEAXEREAOTAIIEE L REOEE WBEEHAR. 40:59~77.

INEFRERE, HiE T, SREFIRE 1987 4 o X v OXEBIC RITT XEE B & B ICB
ELHEEROPE REEHE D. 9:25~49.

_73_



o7.

59.

61.

ANEFRESE, TEERISL, KHZE. 1980, BM I A ONERIFAB SUEEBEICHMT 5
HEGEIR). BHEOL» WA HERNEEICRITTHE NEREFAR. 354154

Ker &, RACE, BREREGD). 194, KRy > XV SEAES AT LRBEEXE ()
VAN REVDNCHBEOPHOBWH»RERBCRIITEE BRRRA BREE
(R -#hs% - ) 783~784.

Ke & JFEKUE, BBED). 19%. Ry > XV ESEEES A7 LHBHEE D
TRIHREDKERDOECEE DRIV CTHEATICLIT 5RELEOBLICR
ITRE BARRA HEREEEERE-FUR): 783~784.

BEME 1990 7> 2 2V 1 REDKEHES. AEEBH. 59 BICRE):14~15.

SHFY, REWN, REHFEH 194 ~7RIr>oRnBEEICHT 238 (D
BROBH EENREEX-RBCRITEE BARA HNREEFERE RE-®
i#):651 ~652.

ERF Y, BTEHEN, REMFH. 194, ~TRAIACOBRESBICHTIAR (2
BEEIPAMOBE * EEOBRE -RHE. AAEA. BEBEERE RS H#)657~658.

FEEFZ, DB, REMFH. 1994, KoHEHIC & STEFoLREEMOEL. (3)
HERBEOFIR L TEF oMb, BARR, NEME(ERE. 382 - HUl):207~208.

HAFE. 1994 BFEEBMOME 7 2K BARR REBEHE #1555
3#):649~650.

_74_



67.

EAHM, 1980, I A > AEREE B, pp 37~65.

Shiraishi, M. 1990. Scanning electron microscopical observations of leaf
epicuticular waxes and the stomatal complex of Satsuma Mandarin (Citrus

unshiu Marc.). Environ. Control in Biol. 28(2):79~86.

Ak, WH # 1994, PETY> L a7omBRECHIT ISR SETE.
(1) B AROEE L BREGOVEA AR HEBE(ER-R15-1H)641 ~642.

FiwEE, WE 3 194 BAEYC a2 vomBRECBITIMESE BEYHE.
(2) MIBBRMART D= AR & mBHNEF, EL. BEAERA BEEEFERE-RE-®
i):643~644.

Ak, WH # 1994, BEY a2 7omBRECBITIHEERE I SEETE.
(3) MIBBARARIHR O - T-RE OB & MBROFF, Bt. BARA. NEME(FRE
< FkHE - 38 ):645~646.

FWsEgs, UH 8 19%. 4> X VHEEORRREEEE. BARS R
AR5 - 1R0R)647 ~648,

CBAREE, BARKE, BH B, MK K 1988, 7rra v IAYEOLER, KERE &

URESECERIZTHHBEOREGEIR). AFBEREIHR4ER RERH:D
Bifh. B¥ L L UEE. 63(9):93~94.

. BABE, aARKE, BE F AKX K 198 Va2 IAvBOER XERS

FURRSBACRIITHEBEOREFE2R)-EKRFORMINE L UCHEFHL» LR
EEEISIROME AR, KA REMBEICRZTHE B¥L L UEE. 63(10):88~90.

_75_



70.

71.

72.

73

74,

5.

76.

8.

HymmiRE. 1983, EEEEI» A7 XV O4EBBIUVREBICRIZTRHE “ERBEE®K
i X-HREHE. 11:23~31.

Heh#Es, SN, 1993 ~T REM I A 0~y FREBCHT AR B B A
DT ZARBERE AT 2R BARR. SURBE(ERE- RS fUR)673~674.

A0EM 1979 AU X VEOKBEEECHT IFEREY). BEY L L a0l
AICBITAHBAPNBE L BEER: OBG DEEE KEARBEET 24~25.

HoER 197 7> X VDT AREORN LR BES L UEE M136~1372

BHE— AET 195 BEFEOFIEIBIT HBMERTE BES L UERE 6X5)96~9.

FHEESH, MOEN, KAREE KXKLCE, WTER. 191 N7 2ARET TORMK
BT 552 EvREOBREF L ECBIT 5 X A0RE. HEESH 60 F1CRH):38~39.

FHREFE L, KEHEH, RFE K 194 BN 2> oRIREEICHT 2 52EHER
NEWAEEEM. (1) BRRADRKILLY, a-7 I 7-YRUGAETEW L TEF 2. BE
R, PUEEE (&% - 1iR)675~676.

CRAHE R, KEFEH, RFE K 1994 BH 4> 0BRBE TORKRBPRICL S

AFHE () »AKBIBEAKSAMVARUVEERE. BARA HNEEEFERS.
BRI - HE):621 ~622.

FABE B, KEEM, RE K 194 BH: 7> 0RERETORBERICL 2

_76_



79.

81.

B Q) RESIREE  BOEERURERE BARR BEEE(EE -
i#):623~624.

SPME L, KESEH, 2R K 1994 &2 7Y DRRBRETORBEIRIC L D
ABEE. (3 BRFRERE:HOLFRURE BARR RREE(HERE B8 W
if):625~626.

SPME L, KEHH, ®F K 1994 BAHIS # v DRERARIE TORRFIRIC L D
ABESH. () BREAUEEOEREE L ETECRIZTRE BERR BREEEH
& - 3R T0RB) 627 ~628.

ETME I, KESEN, BE E. 1994 BN 34> ORBERE TORREIRIC S 24
B (5) ERHHERSECRITHE AR SURIE(HRE- RS- )62 ~630.

SEREE L, KEHEHM, BFE K 1994, BN B OBREE TORBRSIRIC L S
ABEE. 6 WMESPFrERLECRIITRE BARR HERE(ERE A&
iB):631~632.

SRAEE B, KEHM BE B 1965 7>a73 A OREAMEREICHT A
Ge(H3M). BROEFRUFN-T 2 7-+, 1AA, GAREH LTEF DL AR
64 1. (FHH:64~65.

SRS, KEHM, BARR EEBS. 191 BH 2 oRHmB AT

LHR(BIM). KR-TEFH L RIZTEEOME. BEBHE 60 FIICRH)E75~676.

_77_



8. WM. 1977. 3 7> ooy ARKEE L B BX S L URE 52(1):233~239.

86. WiAMEHE, (PEE, FEBEYW. 196, REEOREGERT > & r» LORBHENR
it BEEBE. 64 HIICRE)92~93.

87, Wik FEEk FESEH. 19%,. REEOKEHFRT v v » VHENEVHE
WORE ik HEBH 64 HI1CRE):4~%B.

_78_



A Xl BRHAZIAA ik —B MBS HEE s Eo)F BYHER BERELd
Al JLes BB K R Fxo HEHET $E2 FRAETARS TolFd &IF
EELd, FEZARC BTRELY, FFREFELY, HEFLEA Zol BHF=HPJh

A ABR KBR AB®RYTEH X FHxol o)Fo2 w7ix] BRIEH fNF EHE
BH REZETY, FREELY, AAEEELE, RRELES bRt EREH dAY
A EH 53] AHARERRTYL HSEH AT ByHAFA XERELdS HFR
Btdd BH=dud

A ARARFEERAZA IHFA BHE BHERERE S—HiRd, S&kFEAFAN,
ZERIATAIE, BREITAE, FEEAIATANE, EERIATAE, REXITFAE
& FeH fAd A EA 2Fdd nopE 2 22 A £ P

A RIS BYA T BHIERE AREER FREFHRY, €ARELY,
exEEtd, Frdtd, SABELY, dRG 291 BERARFTR ¢EFELES
Bl X3 TEFF 28 REEREA A B#H=dJd.

FE HUBESE ARAFA oridas FEYE, 54 28k LM Wz
oA YA E ohl WAEI MM, Bh, BE ZENSY avE golslis Fdtn
3shdd Eol7bd obd Hail o] RXE viH YTt



	표제면
	<Summary>
	I. 서론
	II. 연구사
	1. 시설재배에서의 생육 및 품질특성
	2. 토양수분조절과 과실의 품질

	III. 재료 및 방법
	<실험 1> 가온시기가 시설재배 온주밀감의 생육.광합성 능력 및 과실특성에 미치는 영향
	1. 가온시기별 생육상황
	2. 가지의 생장과 잎의 형태
	3. 시설재배 온주밀감의 광합성 능력
	4. 과실의 발육 및 품질특성변화

	<실험 2> 토양수분조절이 과실 품질에 미치는 영향
	1. 재배관리 및 토양수분조절
	2. 과실 특성 조사


	IV. 결과 및 고찰
	<실험 1> 가온시기가 시설재배 온주밀감의 생육.광합성 능력 및 과실특성에 미치는 영향
	1. 가온시기별 생육상황
	2. 가지의 생장과 잎의 형태
	3. 시설재배 온주밀감의 광합성 능력
	4. 과실의 발육 및 품질특성변화
	5. 시설재배 온주밀감의 과실특성

	<실험 2> 토양수분조절이 과실 품질에 미치는 영향
	1. 토양수분의 변화
	2. 과실횡경의 변화
	3. 과실지수의 변화
	4. 과피두께의 변화
	5. 당도의 변화
	6. 산함량의 변화
	7. 당산비의 변화


	V. 적요
	VI. 인용문헌
	사사

