Mg Al44)
2015. 8. pp. 213-23L.

A7) Bl £7] aHE7] o]go] FASF
SHyAElel| A IHEA T} 71 v]8 A7t
P E %

Fra

ol ¥ “HAE k2ol Slo AsEr) @ FHaN|E o] g
s Admlds) FR vAe 9FE 2AEG AskE 3 7wkt
7] ol88he-20t BAR FF 7h sh2o] dis] vy shg-2ape] r]es)
ojsteA TE2gHgE vlugh 7k Al71Q) 3QelA 597179 A7)
3 olitseha Tlaghge Aaky % Il o) &3kg-20) WAlS B4
7hE shp-2bT it B Ey|e] AskE W F7 ANk o] 8ahg-2ao)
HEL AR FH7RE SHeait okod, Fdde Jolrt gtk A
82 Agky 8 Fr)anty] ol8sle2v) AMR FREe sheann
S0%u ikl Stk o] d¥el Az RAF TR 5h92 Aujol
U] o] 71&9] AME-E ARE )

* AT ARt A8H A4
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Aol TN, 7L, oiska sagE HUEY, FkL
ke, AskE7) olg

L A&

AEAQe AFEoA FdAEFY] 50%S AR wiwel 2
Fa4k}l F shio|th. Bzt HEH 2FUHAL 58 352
A9} -0l A ApllEl Qlom A AR WAl 93%
& AEa Yok 2 9] EFoEE ‘RANE FAHeE T
gipre] whdEsE ulgdalesols AujEan Qo tite] 2
& FfellA] 4H7F Ha gom F AikEke] 1%7F Auetet #A
ol 3 o] Yl FEeol Hi de F¥o|tKCitrus
Marketing and Shipping Association in Korea, 2012).

F7Fe AFe] 71F 74 gl A4 Azt Hal 104
Z5olA thel 297HA) E3HE sk ok 7 7R she-=Al
o} d2ulFH £ o Ade BA 972 49714 T3 7t
o B AR SE7HA E37Izt EEeR A F Fdt VhsEt
I 3L, geAE 2 A&7 AF o= AEFe FHEH A4t
Axz FAEdo] FFEAT AN E EY T 5718 T
A7 HIES Apgehs E4Alde Wt wleAE S §9
AL BERE AxAA o] dEE AR Ut
(Moon, 2002).

AEFE Ad g AMA L] ZE4atAe] HA Hdr]eol
7 ° C (Davies and Albrigo, 1994)%18] AT+ 1 Hr} 2 HA 3
7#7]€0] 5°C (Meteorological Agency, 2006)% 7]0] W& 3k

bt 2
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Aels7| & &71 mEE| ol20| “FAIEf SIRARMuoA THAERR} 712 2Rz 0lxls wE

&gt W i 72 16.3-16.2 * C (Meteorological Agency, 2006)
2 A MAS AR 7 vlaE 2R 3o 9x)Eka ok
A= A2 vz vR<Ql R A3} [ “Shiranuhi’ (C.unshiux
Csinensis) x  Creticulata)l, “#7* ( *Kiyomi’, C.unshiux
Csinensis), *ZIA&F" [ “Tsuokaori’ (C.umshiux Csinensis) x C.
unshiw)] *&=7" [ ‘Harumi® (Cunshiux C.sinensis) X C.reticulata)]
5ol BI\dak-2ollA A7} =3 9l

3 Foll RAS = 4B FERNM A dAelA 19720

el Wk E2F 35 (Creficulata)s wHiElA S F
Folth. FA= {la B} 7Rl BlE) 97} 125-158° Brix &
o1 k)7t golstal o] Fr} (Matsumoto, 200D). FAHl= Fo
o SpAHd eSStk &9l AuiglS W FHo] ofF Frh
(Kawase, 1999). AlF=uie] 2|8}’ ujrzle 20123 @4 A
A A AR L] 6.4%3] 1,326hacll A AJakake. A 7hEe] 54%
2l 3L608ES A4ksla Stk T ] FTAZEA R +95E= o
A By FHL Fou HH kgd WPF UL @A 9] oF 1,199
HHTH =2 4342908 Ff|4H] 7hio)| wE AJahd] H7te] A
detAl dae=w slar Qdoh (Citrus Marketing and  Shipping
Association in Korea, 2012).

AFE=We] AR =8} F7]5o] BEsh= e 445,
sk AE4F g9 Hoopen joint) ¥ IR Flow ®al
25m o3} el thihat Bg A3t AlF of 85%%| o] o] & 7}
sottk 274 30cm AEE-E A3} S0mulel2 AlFEte] =8t F7)
S FHsla FY WS o]gsle YHE SR AHRE FFA
A W 9 olkslgkas (CO27k2AInlel 28 alar ot (Kim et
al, 2007; Sung, 2008; Hyun et al, 2007). ¥¥-ojA Ikeda et al.
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Q00N& 712 392 23797 Aol F71FHUE 283t o
27| 7Fe A 15%A T B B gk vl gloh

agA B ERoME A sezAuel Yol Asker] B
F7) pH] ol §ANE YolRuA Ff M 3Hg) AEE7]
L F7] k] o] & 2ol o] Aatnieh dF 712 B o4t}

¥l Gebdslol] me FAFAL vlas] Bk

B oAge AFA AFe fIRg il 200m gof SR
‘2T AEFHR ] HEE gde] AEo] 4xdmE 2] H
‘Bz)el FrlolA YTk AskE7] ol 8Ek-e Alsks A
AEE 32mel, ¢ 300mm A Foj AF o EAE AlFE
BEAAE E3E 0300mm PEYRERS 8m Zol= viygsiy, &
AEAE BEE Ale TR AHSKth 4R BeE 8l 7]
%2 #Z32]EEX 230cm X 230cm X 25cmZ nRt X2tk %
£ ElRie] REEFEE 55kwE Z|EL R dAsla, 537 E
Z7E 400mm FEHO R AlFsiY gddA] FA 20mmE TEA
7] stgck grIAe 508 71 ¥ 108 AASES i1 Asks
719] 3% FeFe B 80m o|ie] HEF sksth

92 A4 2 =1 R 24 01lmm Feloldd dFS I
Baly, =39 yFdl= 0.06mm Zgjof e FEow 250" 3}
3l 138 BAEE Yo 3308 AFsIHon s Aee] dF
BHAe o]galy] 93 2400m2AAe] Fr] wH7)(Air mixer,
SGA-04CWP, K-WON, Koera)& 12t Ax|3fl 30° Coldo] =9 2
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Alet37| 2! 27| WEP| ofB0| ‘FXj=f stE2AfujollA] TATEAIDL 712 b8 2| o|xl= Hat

5o] HE% Alojgick

29%E AY 9 BAFE AIFRl 3E2FE oRREE 10° C
FE £33l 39 R 6¥ F7HA oR2o] 15° CRAIHES
7h2S foh 695 11974 82 SHI Aol o]fe W3
Aoz AANEHE AR 119 o|FRE 7+ AH7bA] okl
5° C A%E A7} H=2 Bz 7122 3k 240m2HAe] 7}
< &2 s AW E S99 HA 0.1mm Ee]ol &z

2 1Esta, WiEelE 0.05mm Zglo A YEo7 2% ujE
skal 250,000kcale] Ff 2% 7)(Tagoang, Korea)Z 7F2-S 3o
A&Hg7] ol &3k 10° C olgldllAe A3HE7Ivt o833y 1
oldellM= T 257171 7FEE RS 2EA071E A4S Ak

49 7N ¥ 59 FHE 6¥€ Sw7MA A3zl 150-200:1 v
o] HEF 3z ZAH HAAE HA Fon 7dos d=IFdT
FEnite] W2 AA7F BFeYAs AS FAE] 8 g o
715 ok NS FHL 5719 1085 T2 124971
A ZAE Aok Ao AL 317 Yol dis) U g %
A, T 2 sidel 23 H© 7) e ghdle sl 7 F
743 #74E dAE wuolzE]H 2 (Mitutoyo, Japa o2 33

2

HEFELE ARZAE SHHA S AR UrdlA RS
e w2 3% el sl v g 289 Ad, T 2
sikel] 2 # 34 979 FHE AFE wEety AES & d=
= OAY I =A (refractometer, PR-101 ATAGO, America)&
A FFe 44 005 N NaOH Z3F 3830 H4 4Agae oAl
TA4 FFo 2 43St JeRiTh

sH-2ule] w7 718 7] 2AA(UE-H100, USEEM, Korea)2}
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o|aksletarl~ SheF=A] AIAM(UE-4161, USEEM, Korea)2 7122
AEGE 384 587kA 9} eIl 98 F 10€ TEa E
Ql 12€q]] 3 A7t ZHEH o R AT AL IgoE etk FA
Ao EARAME =g 7ol SAS package(statistical analysis
system, version 9.1, SAS Institute Inc., USA)E o]&3}e
ANOVA(analysis of variance) 42 AAIsiRoH 7 Aeze]
°)4d& Duncan®] U HAHO R 5% fFolaFola AAgich

(22 1] Equipments in the using underground air and air mixer
greenhouse of the'Shiranushimandarinhybrid.

A; Three fold thermal sheets in greenhouse walls,
B; Aerial line for underground air circulation,
C; Aerial mixer to distribute from sunlight during the daytime.

m Z23 42 vz

77190 3¥ellA 5E7kA] FREFI AskET10l8 s
o] YF71e olilsigkavtx FEpslE 19 29 JEhASICh
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Bz 7k JANE 1294 7F AAIE 1990l AR o EF9-2
o] 399 Har|2-L 20-30 ' CE HIs=gAIT A7 IH.
S 7 skt A7) ol 8eke2rn of 37 C Wit 49
ol HolEolAxE & k29| Hirr]2e| 357 CE HIF o} HA
7122 A3kg7] o] 83he2=E 15 CE A Ao 3 ke
17| 2RT B AES Byt

S5YoE HA| Har|eo] 30°CE 9 427} Hl=F L HAH7)
25 1567 CE& FAATE sl ojilshearl SFeisls B,
4973 = AsE7] o832 HellAs 400-1,400pg0 2 W33
O} Ff 7R -2 400-600pg o2 A|FE7| o] &FFe-2HTh
22 2 Bk 5¥de 200-800geE R s
300-600pg RO} =25 F2 FHE BTt

a5 weeeee- Heating

| Heating .
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E B

Hesting
——— Undergroud air

fvwmm

5553 05 09 5359 54 6390 60,00 13 2
dlmw

G0 guacontanl i)
A
8

[Erm——
< E8EREE

0707080909 1011111213
608 00 16 08 00 16 08 00

o
Dateand hour

(g 2] Intra—annula( variation of daily air temperature (A; March, B;
April and C; May) and carbon dioxide content (D: March, E;
April and F; May) in heated greenhouse by heavy oil and
using underground air greenhouse of the ‘Shiranuhi’ mandarin
hybrid during heating season (March-May).

A7 el 9¢, 102 2 12€99] F/EBE7]9) Askzr]ol$
She2Ule] 7] F ojiistgA JtagEAstE 18 3o JERASL
ok 9o &F skl dig 5@13’_7]8—% 30-35"C & 7|53loH
HA71LeL 15°CE X3k 10€d% 9sl§-2olA FH117]20|
25-35 " C o]g1 HA7|eL 15 CE 4APAT ojd e F4
7 327t Agke7] o8k AEn 1-2 7 C7F B2 E= AU
=

1290l & 329 Har]ee] 10-20 ' C, HA7]2& 5°C 9]
T E 4L HokE 715 shie olitsleAvt2
3= B, F6 71eEhe2aE 300-400ug e 2 A7) o] 85k~
100-300pg K} =& S BTk
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(2% 3] Intra-annulal variation of daily air temperature (A; September, B;
October and C: December) and carbon dioxide content (D;
September, E; October and F December) in heated
greenhouse by heavy oil and using underground greenhouse
of the ‘Shiranuhi’ mandarin  hybrid during natural temperature
condition (September-December).
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<3 1> Effect of heating and underground air on fruit growth in
greenhouse of ‘Shiranuhi’ mandarin hybrid.

Date Fruit diameter — Fruit length (mm)  Fruit shape  Fruit weight (g)
of (mm)

obsg Heat. Under. Heat.  Under. Heat. Heat.

Ivall Under. Under.
on

Oct.  8192bx  863lb  9517b 9397 1.08a 272.71d
30 1.16a 297.38d

Nov.  94.80a 97.55a 101.41a 1.05a 346.31b
30 108.03a 114a 447.54a

Dec.  99.06a 99.13a 102.88a L02a 364.86b
30 108.41a 1.10a 462.06a

x) Columns with the same letter are not significantly difference
by Duncan's multiple range test at p { 0.05 (n=9).

<X 2> Effect of heating and underground air on fruit quality in
greenhouse of ‘Shiranuhi’ mandarin hybrid.

Date of TSS (° Brix) Acidity (%) TSS-acidity
observati ratio
on Heat. Under, Heat. Under. Heat. Under.
Oct. 30 8.61c 2.40a 2.30a 4.06c 3.98¢c
9.32cx)
Nov. 30 10.96b 10.66b 1.19 1.23b 9.190 8.64b

Dec. 30 12.00a 11.77a 0.96c 1.05¢ 12.48a 12.23a

x) Columns with the same letter are not significantly
difference by Duncan's multiple range test at p { 0.05 (n=9),

24000H] Ff 7he BP0k AFEY) o) gatezol ol
20106 3RNARE 697 MU Fheulgg m3ol ek
A5g7) ol8Bk2t S 7heSHSn HAlG FRbIgo] of
50%v} Azke] Hick
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<¥ 3> Compare of costs between a heavy oil-heated greenhouse and
using underground air greenhouse houses in March 10-Jun 30.

Total Bills of the free-heavy oil during heating period
(1,000 Won) Electri
¢ bills Amount of Unit The price
(L000  consumption (L) price (1,000 Won)

Ol Using Vool T Usng  Won- ~OI  Using

heatin  undergrou heatin undergron =D heati  undergrou
g nd g nd ng nd
6,920 3,520 120 8,000 4,000 850 6,80 3,400
0

Ni 5(1970) & 257} 2AF2e] v 9 F4 vA=
A3k 15, 20, 25, 30CTE o] ZARE A= JAR0 ¥ F7F
AL 20T, 25CaA 7P E3 FNIUE 12TYTE
2lom Ustumoiya 5(1982)2 3Hile] 255 15 23, 0CTE Alofst
of spde) witigA g plXe S AR A S, 3
¥% 5% 23Col|A 7PE E9ka 0T Bkt Sk

Moon(2006)-& ‘52|31 o] 2€HE] S 279 697HA]
e 15C, ¥ &% BCE A3 15-25CH, ¥ 2% 18C, & &
T 28C &2 AAF 18-28C 79} B 5= 20C 2 HAska g 7}

2 A ¢ dizF T 3AHEE ol 3ol wE A4H]
&8 A= thETellA] I 371 80-90mm7} 54%= 714

3, TS 70-80mm7} 24%, 90mmeldte] 21% HE=HAck 15-250CT
o= thaulgo] F71EdEEl 90mm olde] 48%= WAl
80-90mm 44%, 70-80mm 8% <=o]UTh 18~280C%Lc>ﬂf\1b 80%7}
gomme)Zde] ol A et 70mmelsls 1% =S JERAITE 1
A7 257} 842 o) v ¥ AFA 7t w2 Bl
vE7b Aok



A5lE7| & 37| | o|80| “FAlgf steAAtulollM TAEAID} 712 H|EAZl| 0|xli= Hat

HFe U7, 15-25C+F 9 18-28C+ Zb2t 2551, 2716 2
409.6g0 2 257} =52 AF52 FklE Aoz ekt
stk =3 2=xjEld nE 7MY E e 8]0 U=
5-25C+ ¢ 18-28C+ 742} 13.9, 136 ¥ 12.0° Brix® &7}
ForE dade AEE RAAT 15-25C FelAs g2t &

Sk zlol= Ho|A] ka1 18-28TC Fol| M=ttt vls 7HEA
IEE ol A AAEE A2 Ueigth A4 ke
T8 thE7 15-25CF 2 18-28C Z+z} 14, 1.3 9 1.2%=
257t £E7E AaEE A ALYty 3o

B ARAME 32 7Re719l 39 FRE 597HR19] e~
yle] 712wstellx whe] HAr|2oe] Rslgr| o8kt FH
7} 3R E2 oF 15 oCE L}Ehﬂorﬂ 7 A A}
73 ]—rOM Aetg7] o832t TH 7R SR B
BEE HYY: =1 e FAE BAFHoE felio] e
A==
71 sl

{i

H

TANG SR BHEEFEE o sh-3tell folHel Afel
gout FA5ar)e) M4 ndE Tk L] Uk
FHIE 327t ASHEY] ol Bt & $FS vehy
= Aol AT Atz OI%OHJP akfﬁ va % =9 9
Foll 27 0.1mm Ze]o)* = 0.05mm
ZFodd PYgo= 2ﬂ+ 1502 “‘?'-ZIEE v EEom Eg
Sh¢-2 UR7E 0T ool =W, #a3tA Aol F7]1unkr)e]
AFoE Fo) BAGZ g9 dAe] g7 8iwe] 1 9
O = of2 5O = 714 ool Ay FZo] H
Huh(2012)& ¥4 A gz Axsle] Alde] 2 golx
24 5265025 ZHE 3,050nf,o0Z W 2,215nD)ell4] 20104
109 1595E 20119 29 289717 5709 B2 & wjsd o]
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upA| Ele] AP ALGERS 226,641kwh ©]%lar, olol] wWE AT
o 9,975,1244010ck W, 22 Fo| A E 2FdYT] AL
2 FFERE A AAERAREES 76,0130 Zem A
a1l whbellu]A] v)-8 H7HE-8 87%(AA 7 f diul) o]k

B AFo) el 240nmHA] Ff 7H 29t A5k
o] g-&}9-20f Qlo] 20100 3ElARE] 697bA] 47T 712 AR
< AT Aska7] o|&3k-2vt Ff 7R ket WA
SHulge] oF 50% ) Eite] Hick A HElols B W
oz Hl§ Aihge] 37%7t Wbet YHaw A AR X
e AoE A ofyx] 7SS & vlEogka Ao
=

Hiroyuki 52001 *EA|3}’ sh¢-~o 29 F&87EH 68 27}
A A ANRE TAZEA] WY FHHUE olklsleiAk ViE
1,250pl - liter-1 AJHSF Fof A5 Ee] &3 F& H1 3 npr}
At ZF, FAEHD o] FEY X1 {9 o] FES
ot =3 AgE Al Hatee] Fugly HTAE FANGL
stk o) Y o ME o]iksigka: AlH|E FAE R TE
Fedo| Hlfe} vt art B aEdct (Kurooka et al, 1990
[nomata et al., 1993).

Downton et al.(1987) 723 72 AEIroA] WAl 35
of mypHolgla sk olikslekAy) AlE shp2ollA 25
el o] FgEvlel wE FIRME Eads HuEdd
(Morinaga <} Tkeda, 1991).

71713t F olibEeka Th dko] TR AlEHg7| o83k
20| A= Hiroyuki et al.(200D)e] B8} o] asted Fv} 7413
Bgylo)] o|g 9o FAIL wsA RS T A= ey
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Alsts7| & 7| weP| ol80] "FA[=f sheAAdliofA] RiakEERn 712 vl EHZ| 0|xle &t

FaRAE ZUdch olb@ Aol o 4 Bl 1250
ul - liter-1 2] o]4ksperas 7F=AH9F LUAJA Q1 400-1,400pg AW &
= vEs] 1 S} 9RES] FETSelRE Yeldtia Aol
Agch 723 Frhe el I Bl 91 5 FHvke 3
271 300-400pug o= A|sha7] o] 83892 100-300pg B} mek
k.

A&7 ol 83k420] A9E 3 Hiol 33 2o o 2
AE7}t SR/ ShenTt e Aol of@ Ao FZo] HY
o} Hiroyuki 500D 3 o|4kslela 7kt Anlg Ale]
AEA7 DAY H{HlE, YR, I L APFe THee)
Fol2 A7) ATy Bk B APNE el T e
& 2ARlEY SHIe Shee} AEHEY) ol B2t ol
AT
220l @-v] FTA 2EE 3927E] 5UU7x] SHE o] &
AR 7} gQlo] Hof o]Al7lel| Frh shg-Afule] RA8) &3}
713t0] RAWA S @Ak Aok she el Uk B A
oA A3kE7) R BINWIIE 018 sh92e] 319l 129
Lol = BTk TAELe] FA/FS dHpe) mggon wd
71 MR 5%t W7ol Tk 39 olFel Eshue R
271ea e Aol A5HE7] B FMNIE o) 8% 71ee g
ol E3pI3he 29 olHoE U S= glu sleulE Wzken

= Aol A=A
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Abstract

Effects of Using Underground Air and Air Mixer on
Fruit Quality and Heating Cost Reduction in
Greenhouse of “Shiranuhi” [(Citrus unshiu X C.

sinensis) X C. reticulata] Mandarin Hybrid
Han, Sang-Heon - Kim, Ju-Sung*

This study investigated the effect of using underground air and air
mixers on production cost reduction and quality of the 'Shirhuhi’ mandarin
hybrid in a greenhouse culture. Daily changes of air temperature and CO2
gas content were campare between a free-heavy oil heated greenhouse
and an underground air and air mixer house was higher the oil-heated
greenhouse heating season, from March to May. The fruit weight of
underground air and air mixer greenhouse was higher than the oil-heated
greenhouse, but there was no difference in fruit quilty at harvest season.
The production cost of the underground was 50% heating cost of the
free-heavy oil heating greenhouse. Based on the results of this experiment,
we recommend using this technique in the non-heating house cultivation of
the "Shiranuhi” mandarin hybrid.

Keywords: air mixer, air temperature, CO2 gas content, fruit
quality, heavyoil—heated house, using underground

air house

* College of Applied Life Sciences, Jeju National University
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