WM Hge A4437)
2015. 8. pp. 213-231.

AelE) 8l 27 i) olgo] WA
SFAlol 4 THAEA 718 u]gd 7ol
x| efek

[e}

FEo

ol A7 FABY shezAEel o] Asle] B ETIwRIE o8
3 Aahldzst HFE vAE S AR A8k 2 37wt
7] o] g9t WAl S 7he -zl thell Wi skl o] 7]t
ojatateta ThxagtEe HlmAth 7k A71Q) 3€ellA 5e7kA e HA 7|
3} ojakgetas TEAGERE Agky 3 7N o]kt \AMlR
AR e R g e e - e P R = R P EAl P B R et
g2 WA FH7R sH-Rn w3kod, Fddle Aolrt itk A
Ag-2 Asky Bl g7|wil] o] 8sk-2vt WAl FR7EE sheET
50%ut Aol HTE o] A¥e) Axzr FAE FUR2 s Al
0] o] 7l&e] A2 WS Ftk

* A FojstE AUALSe e AR
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FAlol: 71, 712, ohkliEA: VAR, IAUFE, TR
e, A7) o8

L A&

AL AF=odA FHBAFY 50%s AHAIsH] Wl 2
o Fo4 F shuelth BAte] HEd 2590 78 FFo
2 A8} 3ol AufEar glom A ZEAjE] WAl 93%
< AABAL Atk 1 9] FFoEE ‘HAIZPE SAHCE 3
2o wHER7E HIdske2oll A ApuiE L oy ot I
= IUA &R Ha Qo F AgkeEe] 1%7 Autet 24
ol X3IRE oyl o] Hi e FHotKCitrus
Marketing and Shipping Association in Korea, 2012).

TS AT 75 A4 diFE Ao Az Ha 104
FTwollA tEsl 2974 =315 sl lou F 7k sReAnl
o &FHEH e UE AR BA H¢7I= 49474 1o v
2 S AlE SE7HA| SR g R d F E3Pt 7Fsst
a2, TR 9 AskE dF ToE AFe] S ke
ARz JFE] FFEAT =AA N e BEY T S8 5
AU HlES Afdehe EFAde] Bt vieAlE S Bl
HRs7I BEYGE AxAA Y G5 AT Ao
(Moon, 2002).

R Aol NIz HAMAIY] AR o] HA et r]2o]
7" C (Davies and Albrigo, 1994218l AT 1 Ho} @ HA 3
7#7120] 5° C (Meteorological Agency, 2006)& 7]-2o] wto- 3o

kl
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g3ty W Hi 712% 15.3-16.2 ° C (Meteorological Agency, 2006)
2 A AAS A=EANAS F Blad] ke 3ol Ykl ok
Ao Aol Wk wRel ‘5§ [ “Shiranuhi”® (C.unshiu X
Csinensis) X  Creticulata)l, *7* ( ‘Kiyomi’,  Cunshiux
C.sinensis), ‘A& [ ‘Tsuokaori’ (Cunshiux C.sinensis) X C.
unshiw)] ‘&7 [ ‘Harumi’ (C.unshiux C.sinensis)x C.reticulata)]
5ol HIdshe-2ol A Az} Har ok

ol ‘FAE = QB sHFM A AlA 1972l

‘AR’ ‘UgPe EZF 3% (Creticulata)E wHisiA S48 &
Folth. TAE g3 B} TRl vlsl] B=rF 12.5-15.8° Brix &
Fom vhart golstal o] Fot (Matsumoto, 200D. A= Fo
w e Estal skl AiFE W FEol ol Fo
(Kawase, 1999). AlF=uie] “FA|s) Auaz-S 20129 @4 A
A AR AL 6.4%<0 1,326hacllA ALk HA 722 5.4%
Ql 3L608E2 AAkstal Utk H 3| FTAEAHCE U= 2
A By F4L Fou B kgt WF FY#:@A9 oF 1,199
HET F& 4342905 j4H] Zhhol| wWE AL dxte] A
A3l des Skar 9ok (Citrus Marketing and - Shipping
Association in Korea, 2012).

AFE=HY AGAHE At F7]50] Exdh= 7 8U4E=,
sk 453 d9 Ael(open joint) ¥ o] gt w ®W
25m ola} afiRk, Abd4t HEs Ak Al oF 85%AHo] o8 7}
ottt A7 30cm Aekg= Agk SomAI= AlFst Ast E7]
T2 FHA FY e ol8sl dAZE s AHE FFA
A Wbl 2 oolikslekA: (CO2)7 Aol &8 skl gtk (Kim et
al., 2007, Sung, 2008; Hyun et al., 2007). €A Ikeda et al
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(2007)& 71 3h-2 2547 AnfollA F71FHUE &85t &
27 7V AZRE 15%2F03ick By R sk v 9ok

JPA B =Follde= FAE she2Alel o] Askar] 2

=

7] ai7] ol §EINE Lot Ff TR 29t A5k
2l 37] AR7] o)§ kol glof Ailek dF 712 B olitst
gk gEpsiel] me HAF AL vlws] Ryt

2 A AFA AZ] XS s 200m woF AR TS
‘YT ANEFER O HEH 8dAe] A5 4x4dmE A
‘HASY E7lA R AskET] o8sk-2e Asks 2
AEE 32mell, o 300mm 3)H o2 AlF Flom BEARR AFF
H3AAE Blge 2300mm PEYHHA-S 8m ZolZ mdsla, &
AR 2892 A 128 Asidnh A Ry 3 7]
%2 238 EE 230cm X 230cm X 25cmE vl XjEsich &%
€ HEIY RHEEFL 55kws VIEo R AXEha, £33V E
=7 400mm FEHCE AlFsHY @dA A 20mmE TG
g stk RIS 508 s 3 108 AAEE s Ask
719) % TS B3 80ni oo HEF 33t

-2~ A B SW R A% 0.1mm oA dEE 1
Hala, 2] YRol= 0.05mm oA BEog 2507 3}
3 15e FAZE Yol 3502 &3O sk Age dF
BAlGS o] galy] Y8 2400m2wH el Fr] wy¥b)(Air mixer,
SGA-04CWP, K-WON, Koera)E 12th Ax)&fl 30° Colite] H4 2}

T

0
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Fo] HEE Aok

29RE AA P AFE ARl 392RE oFEE 10° C
HE Z2uksle] 39 2ERE 69 257HA] okeo] 15° CHAEER
7= Aok 6€5E 11E7HA= sk S Ant o] Fof WA
Mo s AAYEE FAYL 1149 o|FHE 7R H7EA] ol
5° C AFE FAt HE=S Bz 7k Yok 2400m2aze) 7}
2 3w s A B SA 9o 274 0.1mm Zol EE
ES ¥Esla, YRl 0.06mm Zgjod# HE5o= 2% u&
SFar 250,000kcale] S 23 71(Tagoang, Korea)Z 7128 dlom
AslE7] o] 82 10° C oldtollAe Alekz7|vt o] &3l 1
olllME T 28717 7FEEES 2EAC)VIE A4S At

49 M3 F 5¥Y FHE 69 F<7EA F3HIZE 150-200:1 H)
o] HER 3zkE 2A AAE A4 Fon 7dde dEd
Fvtel] e AR FejAe e W] s dn Wi
715 ok FEAAEH FHE 57190 10458 87191 1297t
A Z2AR Aok FA Y S-S 3359 Ul tisl v 3 %
g AT S R sl 23 @ 37| Aol 2 st A F
A3 73S dAE wyopdel® 2 (Mitutoyo, Japan) o= ZA 3
=

HLFELE AFZALE 3HAA S ZARE Ul #F
e w2 37 ol s v 3 1R A, T 3
skl 2 # 34 9709 AdS AF e Bkt 2AES Y=
= UAY =-d3F=A (refractometer, PR-101 ATAGO, America)Z
2} SRS 2=k 0.05 N NaOH =3} Ao HA ASFEES ThA|
A4k o= 4kEste] et
392 o] m7)A 712 71 AIA(UE-H100, USEEM, Korea)<}

-

- 217 —



BNSHT 44T

olatsletavts S AA(UE-4161, USEEM, Korea)Z 712
AZRE 3oA 5e7ER ¢} <719 989 109 18]l )
]l 12€e) g ARE R0 E A% AL IR YERiTE FA
Ao BAEAME =23l SAS package(statistical - analysis
system, version 9.1, SAS Institute Inc., USA)E ©]-83&}
ANOVA(analysis of variance) #41& A8t o™ zF AHej7ke]
942 Duncan®] o3 AAHORE 5% frolgollA AT

[23 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.

I A3 % vz

71711 3€ellA 5E7HA] FrEET1eE AskETol 8 -
o] dF7IeF oklstetavts FEbAstE 1§ 20l JERASICH
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Bz 71 AAAS 120 712 AAIE 196 AASE oF &80
o] 39e] H1r]2e 20-30 " CE Hls=@A AXMSLE— I5ich
TR 7R 32Tt AEkET] ol gske-RT) oF 37 C Ytk 4€
o] FoEAME oF k229 Hiarr]o] 35 CE =gl ot HA
718 A&g7] o] 83 AE 157 CE FA Fou Ff dheas
1 7] eRth v e BT
5o % A Har]Lo] 30" CE % 32} v HA]7)
2% 15°CE Ak 3] olibstetirt Sepists B,
497 A= 1161%71 0] 832 Ulo| A= 400-1,400pg & W3l
o 6 7he 32 400-600pg 02 AshEr] o] 82Kk
vro geks Btk 5¥ele 200-800ge2  Ff 7k
300-600pg R} 23 F& FFS BT

s —rone- Heating
PO [— Heating Undergroud air
Underground air
O30

010203 040506 0708 0910111213 1516 17 1819 202223 24
000204 060810 12 14 16 1819 2123 0103 050709 111012 14

Date and hour

0101 0203 0304 05 0506 07 07 0809 09 1011 1112 13
0016 0800 1608 00 16 08 00 16 08 00 16 08 00 16 08 00

Date and hour

e Heating 1600

Undergioundair . 1400

1200

1000

s00

COpgas content(ug)

400 L

200

o

04050608 09101112 13 15 16 17 18 19 21 22 24 25 26 27 2829 31
1519230307 1114 18 22 02 06 1014 18 19 23 03 07 11 15 192303
Date and hour

0405060800 101112 13 14 15 16 18 19 20 22 23 24 25 26 27 29 30 31
1518210003 060811 14 17 20 2302 05 08 08 111417 20 23 02 05 08

Date and hour
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E F

COp gus content(ig)
s 0 w8 R E oG

323
Date and hour

[Z2& 2] Intra—annulal 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).

(<3

Azl eabeel 99, 109 9 129e] SHAE71%} AskETl0)
shgulel 712 % olalsiaa hagepastE 19 3o Uehigl
o 99l ¢ ool BhE Hirlee 30-35°C & /%P
AA71ee 15 CE fA3Th 10%el% Fshgzoly Hnrleo

A

_

25-35 " C oJlaL HA7|22 156 CE FAIFARE oE &2 S
7R szt Asker] o8k eaEn 12 O W E= SIS

Hy7)0] 10-20 ° C, HA7)1L 5°C ©]
3T 2 Yo YEE V1= el olatstekart Febd

5
e
=2
rlr
o2
ol
A
[
1o
A

— 220 —



A|5t37] & 371 W] o|2o| ‘TR [=f steAAsolM RiaERDL k2 vigHE ol olxlE Sk

A B

~--wee-- Heating
40 a0 Undergroud air
3s
o 20
g 2s
g 20
E
E 15
T 10 eeeeeeee Heating
s Underground air
o 01020304 050607080910111112 13141516 17181921 22
151616 17 1819 15 20 22 23 2324 25 26 26 27 28 20 29 30 0000 00 00 0000 00 00 00 00 00 23 23 23 23 23 23 23 23 2320 20
080220 14 0804 2216 07 01 191307 01185 13 070118 13 Date and hour
Date and hour
as
1600
40 | - Heating
. POTCT T S— Heatin,
35 Underground air s
& 1200 Underground air
& 30 P
R g 1000
H 2 800
z i
5 1s & 600
10 i ~ a0
5 1 ﬁ 200
o - o
15 1617 1718 19 20 20 21 22 23 24 24 25 26 2728 2829 30 31 1516 1617 18 18 1920 21 22 22 23 24 2425 26 26 27 26 28 29 30 30

0800 16 0800 18 1002 15 07 23 15 07 2315 07 231507 23 1507 23
Date and hour

10 0500 1914 09 04 2318 13 08 03 22 17 12 0702 211611 06
Date and hour

1600 1600
vvvvvvvvv Heating oneene- Heating
1400
1400 Undergroud air Underground air
1200
2
= 1000
% 800
% s00
et 8
200
o 0

01020304 0506 07 08 05 1011 1213 14 15 16 17 18 19 21 22
00 01 0203 0405 06 07 08 0905 1011 12 13 1415 16 17 16 16

15 1617 171819 20 20 21 2223 24 24 25 26 2728 282930 31
10 0500 1914 09 04 23 18 1308 03 2217 120702 211611 06

Date and hour Date and hour

[ 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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=

el 37, 47 HPAS aga ] 3= 2 sk
H3E 3 19 20] JERATE o] AL oFshe2dllA] 1090
7P wekont O % 119 1299 I 3719 Ao|7t il A
3kg7] o832t TRV SRR T H2 AFS HYou
BAAJ] Fo8e Itk =3 34 FFEY =2 i3 B
3 ER2o] mE Aol HA Y vlszglom Askgr] o] 83dke2s
7t TR SRR T 2 A BAo w9 FAIES 72
e gl HPATE 180 52 o s HHRgo] TS U
ERJIT

Aol FAE 1097 129704 Aekg7] ol-gahe-27t ShH7t
2 Shp2En Fa 1299 FEldle Agker] o8kt
464.25g0 2 FH7F 3h¢-2 360.87gHT FASITE Hale] gre=
109 o]Fe F7HE Btk FEVIQl 1290l Ffr 7Rske2ot
12° Brix® Ask27] o]gak$-2 11.77° Brix Bt} E=9ko1} A
QA Fre g2 gl

ARbFS 1090l Ff7ke 32Tt 24%, AskE7] ol 88k
2.3% ot FE7IQ1 1290l B4 oF 1%= "o ot U3k
2= Zhe zpole fISith B BiklE 1] 129l SRt
L2t 12482 RAEFE7] 0] 882~ 12.03K T E9ko) B
o)/de T

—_

2 orle

Jo

rlo

— 222 —



A|5t37] & 371 W] o|2o| ‘TR [=f steAAsolM RiaERDL k2 vigHE ol olxlE Sk

<i# 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 (@)
of (mm)

ODSE e, Under.  Heat.  Under. Heat. Heat.

Tval Under. Under.
on

Oct. 8192bx  86.31b 9%.17b 9397 1.08a 272.711d
30 1.16a 297.38d

Nov. 94.80a 97.55a 101L.41a 1.05a 346.31b
30 108.03a 114a 447.54a

Dec.  99.06a 99.13a 102.88a 1.02a 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).

<# 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 119 1.23b 9.19b 8.64b

Dec. 30 12.00a 11.77a 0.96¢ 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).

24000 A ] F5 7he BR20h A5 olgsk2ol glo]
20104 3Ll ARE 69744 RUTE 7henIEE F3o Lheck
A8 ol §3he2Tt B HeSHeanTt WAR SRS o
50%1+ 7ol |ic
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<3 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 ail during heating period
(1,000 Won) Electri
¢ bills Amount of Unit The price
(1,000 consumption (1) price (1,000 Won)

Ol Usng Vo T Usnig  Won- T Ol Usig

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

Nii 5(1970) & 257} 2A2d7e] nit) 9 Fd mX&=
FEFE 15, 20, 25, 0CTE o] AR A3 AR 2 S
A7 20T, 25CoA 71 Fa1 AU 17955
Aem Ustumoiya 5(1982)2 #H4e] &5& 15, 23, I0CE A3t
of Fe] ity Aol mXE YIS AR A AF, #
% 2% 23ColA 7P =kl 30C A4 wittkal sk

Moon(2006)2  “F-A]3} o] 2€7E AP 27|91 697HA wF
2% 15T, ¥ &% BCE A3 15-25CH, ¥ &= 18C, & &
T 28CE AT 18-28C 9 ¥ 2=+ 20C = AAgstar ol 7}
2 37 e dET T 3HEE Fol A A wE A4k
o AR tiETellA s =27] 80-90mmyt M%= TS W
3, TR 70-80mm7} 24%, 90mmoldol 21% HESth 15-250CT
oXe diFHlEo] F7FIAEE 0mm ool 48%E 7P B,
80-90mm 44%, 70-80mm 8% <=o|ltk 18-280CTol A= 80%7F
90mme)’ge] #Ho|JATE 70mmelshE 1% 455 YERSIcE 1
A 257F 575 A9 vl 9 AFAGTE 3Tk Bk
vk Aok
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Ptz 15-25CT 2 18-28C zbzh 2551, 2716 2
409.6g0 % 257t 555 AT IR FoE Yt
3tk =3 2= gl mE AT REE e FEV]Y tix
T, 15-25C T 2 18-28C 7 z+z+ 139, 13.6 2 12.0° Brix® %7}
ESE adE A%S BRAAT 15-25C FolAE tizTet f
3k zlolE= Kol gkl 18-28C FollA= thxTol uls] 7184
FE o] FASH gaEE Aoz et A4t gk
7)o T, 15-25CT 2 18-28CF z+zh 1.4, 1.3 2 1.2%=
St €5 TAEE AS Bl stk
2 AFANAE 3492 71279l 3¥ F=FE 5971A9 ol~r*
o] 712mstoll A Hke] HA7]|Lo] Aakyr] o8-t S
7h SRR T B2 9F 15 oCE UeRdor 1 Ay 3375
HPA|Foll A Aske7] olgdke2t T 7 SHET HE
S Btk a8la 3 FAE BAFCE fojdol s
A2 FAYDE AT FAEFLL F sheagtel] §940 2]

} U AT VAT FE TS HA 7o) Wk

TR 927t Aske7] ol 88k
= AFo] AUtk AskE7] &3t e ;:ﬂ;% L= )
Fol 27 0.lmm Zejld:A 55 &3, vFels
ZE A FEo= 237 150E BXxE IEsigorn =3
k-2 WF7E 30C o)de] =W, ZsshAl Alojd Fr|anr)e
AFo8 Fol| BAMERE Tl #3e] 3717t =% :
OF o 5o = 717 olojzl Adeal F50] HUTH
Huh(2012)2 #74 #dY FEZ Al2=Ele] A 284
22 5265ni(ZAF 7 3,050nt, =4 221504 2010
10¥ 159%E 20119 2€ 28U7k4] 5701Y B9k & Hj4g o)g

s

)2

i
2
&
of
oot

— 225 —



BNSHT 44T

WA B0 HEARETFe 226,641kwh ©]Rlal, oo mE HHAF
2 9,975,1244013 ok WHA, & o oA E 25| AL
2 Faslaes A9 HAEFAREE 76,0131 AR ZAESI
3 A vg A2 8T%(HANZ - thrl) o] Stk

B A Agolx 2400 A FF 7he R0t AskET
o]-g3h-20l Qo] 2010 3L FE 6d7kA] 4713t 7 vl
< AT Askg7] o] 88kt St 7H SRRk WA
FiHIEol of 50%4 dito] HATE FHA HIEYLlE By WY

oA vl§ dHeo] 37%7F Wkt s A LA
st Ao =E EshH oA AiEL =2 vl&olgtal Azt
Hrk

Hiroyuki S(200D-2 *FA|8} sh¢-2of 29 SFE 69 27t
A A AANFE TAZMA uid SRHUR oliksiekA ThAE
1,250ul - liter-1 AJHISE 3o A5 HFe] &3 58 Bl 3+ vy}
ATk =, FAYEG o] FEY Ao TEXY] o] FXHS
ok E=RE AP Ao o] S AAFAE FARTAL
SHRTE Z=8F LB i = otk AR|Z A o] mE
Fego] vtie} A ESrE R uE e} (Kurooka et al., 1990;
Inomata et al., 1993).

Downton et al.(1987)2 73 22 53olA Wi=pAl 315
of & olztar 3t olikslgATt AMlE Sh-2ollA 27
7o 9l FEETMl wWE e EFlads RuEt
(Morinaga ¢} Ikeda, 199D).

7F7IRE T oliksteA Th ko] FUIRE A|gka] o83kt
2~ A% Hiroyuki et al.(2001)2] X1e} 7L0] ek =7} A3
Eado] o3t o] FAef WA AFE 5o A= et

_

bt

|

’l
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HAFAE SUAH ol Aol= of UNE Ftel 1250
ul - liter-1 ©] o] akglehA 7k m)eh AAIQ] 400-1,400ug ATH1E
e vEs] O a3l JFRS] AT et Azl
A 28al FURe dElClM e T gl 9 5 SRk o
$-27F 300-400pg 02 X|3}E7] o83k~ 100-300pg Rk B3
=3

Asks7] ol8ek-2o] 9= S FRol 35 &l g |
ATt FR7RS SHPann Ee Al o3t Hlow F3o] HY
o). Hiroyuki 520012 =3 olalstgia: 7k} AMle SA)e] 7}
AEd dE g, AAYE 9 B A
TR A7E Tl Ak & AeME Ao BE, g
= AT SRS sheeh AsksT] o8 sh-2ktel Aol
7h |tk

# ol gh-v] FTA DEZ 3Y2RE 59D7HA) SRHE ode) <
A7 o] =of °l/\l71°ﬂ TR she2Aue) fRAs E3)
713kl HAMA FheAMA|} Aol she FHell glok 2 A
Pl Askg7] Bl F7Ia7)E o83k SRz FE7IQ 129
o= Sk HdFde] Fhvhe sheseh Hidlon E
7k BI85 50%4 Aite] HIAT. 39 o] %ol EdfE= wHg
RS2 Al AJsksr] B S7IaE o8t Ve e
ah, S IRbe 29 oldo® A Sk 9la JhenlE ket

= Aol A=

l=J
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Citrus marketing and shipping association in Korea. 2012. Jeju citrus
shipment joint association. (in Korean)

Davies, F. S. and L. G. Albrigo. 1994. Citrus. p. 204-205. CAB
International Wallingford. (In Korean with English)

Downton, W. J. S., W. J. R Grant and B. R. Loverys. 1987. Carbon
dioxide enrichment increase yield of Valencia orange. Australian
Journal of Plant Physiology 14(3):493-501.(In Korean with English)

Hiroyuki, F., S. Ono, T. Takahara and T. Ogata. 2001. Effect of carbon
dioxide enrichment on tree vigor of citrus cv. Shiranuhi under
greenhouse culture. Japanese Society for Horticultural Science
60(4): 593-595. (In Korean with English)

Huh, T. H. 2012. On the application of the heat pump System to facility
horticulture, using hot waste water from power plant. Doctoral
dissertation thesis, Jeju National University (In Korean)

Hyun, B. C, G. S. Park, . S. So and H. N. Hyun. 2007. Nature carbon
dioxide fertilizing research in paprika hydroponics that use Jeju
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Satsuma mandarin by air film bags. Outline Bulletin Saga Fruit
tree Experiment Station (In Korean with Japanese)

Inomata, Y., H. Yaegaki, H Honjo, T. Takatsuji and K. Suzuki. 1996.
Effect of duration and period of application of carbon dioxide
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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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