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Abstract. The greatest and major cost for cut rose production during winter seasons in Korea is cost of
heating the greenhouse. A study was conducted on a cost-efficient heating system to reduce expenses of cut
rose growers in times of high energy prices. An infrared heating system utilizing radiant energy has an obvi-
ous advantage over other heating methods in that the energy is first used to raise temperatures of plants and
other objects and subsequently that of the atmosphere, resulting in faster reaching to desired plant tempera-
tures at a reduced heating cost. In this study the heating effect and heating cost saving of a nano-carbon fiber
infrared heating system (NCFIHS) installed in cut rose greenhouses in Gimhae, Gyeongnam Province were
analyzed comparatively. In addition growth, quality, and vase life of ‘Orange Fresh’ roses grown in green-
houses heated by NCFIHS against those grown in greenhouses heated by so called an electrical heating sys-
tem. In greenhouses with a NCFIHS with a set point air temperature of 20°C, plant temperature was
maintained at 1~2°C higher than the air temperature, and temperatures of growing bed surface and root zone
were maintained at 17~19°C throughout cold winter nights. The cost for heating in NCFIHS was about 25
and 51% of that of an electrical heating system and a hot water heating system heated by petroleum, respec-
tively. Growth of roses harvested in greenhouses with a NCFIHS was similar to those grown in green-
houses with an electrical heating system. However, cut roses with more intense petal and leaf colors and a
longer vase life (fresh weight and amount of water uptake) were harvested in greenhouses with a NCFIHS
as compared to those harvested in greenhouses with an electrical heating system.

Key words : flower quality, greenhouse heating, heating cost saving, infrared heating, Rasa ‘Ornage
Fresh’

*Corresponding author: brjeong @ gnu.ac.kr
Received February 12, 2009; Revised March 19, 2009
Accepted March 20, 2009



v1g -

M

ri

Sejuere] A A== dsidrle 24
WE SR 9are Ak ol - XEFQ
F712 Dujgol Winlzl Asgn] Askle] & HE
& AARBRAL Slot. 53] pevehs oA tinlste
2 QR o 97%F FY 9EIAL e Aol
o AlA A Aeksdst dAgel AEAe 9%
WETHLee 5, 2006). WEbA 4 diiA] Hzd
o] wl- Al Agelot.

2Ale] g Aol 23 24 Elokd
Wi, 2351 A Fol ot 23 AlE
& A8E g I8 71EE § $3718 ol8st
A F71E &4 UldM @AY o),
L AAEIE ASE AAAAM ES /IES ¥
ES 24 R golza S3AAAN 2419
& 7heshs o), Bl Wi AlaRle gyl
7] F3L B8 1EE 3 24 U 39
2hS Bolo] 2AURE 71ste Walelt) o)}
2] Aol A28l BALEE o] 83 Wie
2 AEA|, HX] T2 BAE 9A 71Esle] B2 F
Ho] 71go] ks WoR mMEA 25E Y
% ITHHanan, 1998; Nelson, 2003).

249 PR o 7R 89089 BEE ket
S 7]Ro] e AP 249 Ve AEA 2%
T U 2RE 2= A, 7 2 {I9E
7R ol o8l eIt 7L A8A EAlo]
ol AR SRRE T U= PRl ol 8=, U
e oAz Mgt} 27} ezt AEAY &
A Yo BAle Aelde] BEzE oluvAg wilsln
olAe] it Bl ofal] F7] o] 24ndol
vigha 7k BA) Fo7 Agwt) AEo] gk ay
g e duRls W3t Heldolels Feol ofF
oF 45%% Wolil 55%= Aol e ok
(Bickford®} Dunn, 1972; Nobel, 1991).

g AHo R A8A] 255 T IEG
AEA 257t WA EPA it 1 tolls St
Zgol| o3 AEA] 257} ol AEA| 257}
F7IRE Bt T2 A giRades 9 F99
A EA 227t ERRITE A1E AR o) 257} WA
SIS B Sl WS A B dlob Fries

w
i

& ore 27
N F
o M 2
haad

K o

g

fr u® mo of

€

B} gre o 255 GRS "ot e de B
Aol 98 27t gEpta 1 ol R 4
iRl A ewrt -geH Aotk 9E Aol
S o|g% vhie] Y eldge] A ok 7}
23} His=git), Holago] dshe AoMolzhs vt
2ol Al F7IREE A3 7Rt FEA
U Hix] B H9dd HiEAs EXY] &5 WA
ASAFNIL 11 BA S waksls EeA )] T
FTIREE &) Aot}

2AAEA N F83 2ETE 8AEEE VIR,
ER 2% duFes, LEAR|GE 2 4), 1
1 AEA 55 & 5 ot GPHFoz 2494
LEE olop|& e FVIEE, F 71&-E olokrigith
2EA A o= B, 5F2E E FAELS
20| A wket) 240 Ffea W 248 g
ol AR &3] 71 Tt ey
AARe TSR ALt AEA A ¢
ofifi= giil AEE0 o] & FIE viRITh

ALE LF B A] L3259 HE & oA
LEL2E Aol I8 A - FHe] 71 HAPL 4~7°C
A A BRI} Bads A9E B8 B 4
D 24 7R A B JE s E
TYs S 9 FHo] Hofx|3 Apgle] I8
E BAPF AR (Yu §, 2007). LR BE WAl
Hlo] ztZolol & F03 it FUd 2% H¥9)
AL gl & 4 ot Aase el
80% A= AL Ao AEswgo g dlEE ¢
Lo ALH 23 r|E RESAY diAE 5 3l
win) A7RERE 798 5 JTHCho T, 2006;
Jeong# Kim, 2009a,b). Wb i8] H7e {43t
24 PR o 7 VB FejalE vl
< olgsi] Al Asldw|e] ST Esl S
ZA¥ Waveh Wi Azhe-g Yozl B
ATE A

T2 ¥ Y

A i ReEe] S5 AalAulg vdA
(12W8 A% B4 8250mYol AXHo 7H5E
I e s FodE g o83 Wil

il AAzAkel mxtel] At Adspavie) e

.



PR KT AR < e Sl et S R P

Fig. 1. Photographs showing nano-carbon fiber infrared lamps installed in a 8,250 m” 1-2W type plastic greenhouses during

the day (A) and the night with thermal curtains (B).
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Table 1. Measured temperatares of different plant parts,
bed sheet, greenhouse floor, and growing medium with a
set point temperature of the air at 20°C.

Measured temperatures at

Measurement Ty —
part Under a lamp adjacent lamps
Flower bud 20~22°C 19.2°C
Stem 20~22°C 18.8°C
Leaf 21~22°C 19.0°C
Bed sheet 18~22°C 18.0°C
Perlite medium 18~20°C 20.0°C
Greenhouse floor 17~19°C 17.8°C
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Fig. 2. Images showing changes in thermal energy levels, depending on the on-off state of a nono-carbon fiber infrared heat-
ing lamps, of the three rose stems growing in a hydroponic bed with petlite as the growing medium. ‘On’ and ‘Off” in the
images mean the lamp is turned on or off, respectively, and numbers following On or Off are time elapsed after the switch-
ing of the lamps on or off.

Table 2. Estimated monthly heating costs of 1-2W type 8,250 m* greenhouses, each with one of three heating systems, based
on the assumption that outside air temperature of —8°C and a set point temperature of the air in the greenhouse of 18-20°C.

Heating system

Nano-carbon fiber infrared

heating lamp (NCFTHL) Electric heater (EH) Hot water boiler (HWB)
Daily consumption 4,900 kWh 7,500 kWh 1,000 L
Monthly consumption 147,000 kWh 225,000 kWh 30,000 L
Unit price 26.3 won/kWh 36.4 won/kWh 665 won/L (Tax exempt)
Monthly charge 128,870 won x 30 days 273,000 won x 30 days 665,000 won x 30 days

= 3,866,100 = 8,190,000 = 19,950,000

Charge including VAT (won) 4,952,710 9,859,000 19,950,000
Saving against HWB (%) 752 50.6 Control (0)

Table 3. Growth parameters of cut rose ‘Orange Fresh® harvested from two adjacent greenhouses each with one of two heat-
ing systems.

. . Flower diameter  presh  Size of the No. of nodes with

Heating  Height (cm)

system  (cm) ————————— wt. top5-leaflet  1-leaflet leaf 3-leaflet leaf  5_leaflet 7-leaflet
Length Width (g) leaf (Cm) T()p Base TOp Base leaf leaf

Infrared 3 410 49505 38£07 sex14 SFEOBX 16100 00102 23106 00102 4919 5.1+14

lamp 6.1+0.7

Electric g0 06 47407 37:06 53611 5206 12100 03405 36512 06406 45413 60515

heater x 5.5£0.4
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Table 4. Effect of heating system on vase life of cut rose

flowers.

o e souion— Vaslife @y
Infrared lamp + Preservative sol.” 7.0
Infrared lamp + Distilled water 55b
Electric heater + Preservative sol. 69a
Electric heater + Distilled water 44c

“Preservative solution ‘Ggotsimi’ manufactured by SK
Chemical Co. Ltd., Korea.

*Mean separation in columns by Duncan's multiple range
test, 5% level.
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Fig. 3. Petal and leaf colors of cut rose ‘Orange Fresh’ harvested from two adjacent greenhouses each with one of two heat-
ing systems, a nono-carbon fiber infrared heating system and an electrical heating system.
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Fig. 5. Effect of heating system on amount of water uptake
by cut roses.
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