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Development of Potted Plant Production System for

High Quality and Energy Saving
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SUMMARY
(FELFE)

Development of Potted Plant Production System for High Quality and
Energy Saving

I. Controlling the growth and flowering of potted plants for energy saving

production system
1. Growth and flowering reponses to daylength and light intensity

This study was carried out to examine the effect of photosynthetic photon flux (PPF)
and daylength on growth and flowering in Cyclamen persicum. 'Metis Scarlet Red'
cyclamen seedlings with six fully unfolded leaves were exposed to short day (SD, 8 h)
or long day (LD, 16 h) condition combined with five different PPF levels (50, 100, 150,
200, and 300 pmol *m™'s"') in a growth chamber maintained at 24/14C (day/night).
Most growth characteristics including plant height, leaf and flower number, leaf area,
tuber size, fresh and dry weight of above-ground tissues, roots, and tuber were found to
be promoted under LD treatment, when evaluated at 16 weeks after the treatment. Higher
numbers of leaves and flowers were produced under LD than under SD condition. LD
advanced flowering by 4 to 42 days depending on PPF. High PPF (300 and 200 pmol *
m™"s™") also promoted most growth characteristics including leaf and flower number, leaf
area, tuber size, fresh and dry weight of above-ground tissues, roots, and tuber at 16
weeks after the treatment. As PPF decreased, the plant became taller, but its growth
stopped at the lowest PPF. High PPF advanced flowering by 16 to 46 days depending
on daylength. In conclusion, LD and high PPF treatment are required to promote growth
and flower initiation and development of cyclamen, which is assumed to be quantitative

LD plant in this experiment.
2. Promotion of flowering by longday treatment under low temperature regime

First experiment was conducted to determine the flowering response to temperature and
photoperiod according to growth stage [Stage I: flower bud initiation, 5-unfolded leaves ~
2 mm visible bud (VB)], Stage II: flower bud development (during 9 weeks after VB) in

cyclamen. 'Metis Purple' cyclamen seedlings in Stage I and II were grown under growth



chambers maintained at 8, 12, 16, and 20°C in combination with long-days (LD, 16h) or
short-days (SD, 8h). In Stage I, VB initiation was hastened by 8 to 13 days in plants
grown at 16 and 20°C compared to those grown at 12°C. VB was not observed under
either LD or SD at 8C, and SD at 12C. During Stage II, high temperature and LD
hastened flowering. There was no difference in flowering between SD at 20Cand LD at
16T, and also between SD at 16°C and LD at 12°C. Day-extension by fluorescent lamps
(FL) with high photosynthetic photon flux (PPF) prevented delay of flowering in
cyclamen by low temperature. Second experiment was conducted to examine the effects
of night interruption (NI) by incandescent lamps (IL) with low PPF on flowering of
'Metis Purple Frame' cyclamen. Cyclamen seedlings with 5-6 unfolded leaves were grown
in growth chambers maintained at 16 or 20C in combination with four photoperiod
treatments: 8, 12, 16 h by FL, and 8 h by FL with a 4-h NI by IL during the dark
period. NI hastened flower initiation and development compared with 8 h photoperiod at
both temperatures. There was little difference between NI and 12 h under each
temperature. There was no difference in flowering (days to VB and flowering) between 8
h at 20C and 8 h with NI at 16C, indicating that NI could substitute for expensive

heating cost.

3. Promotion of growth under low and hight temperature using root zone heating and

cooling

This study was carried out to examine the effects of root-zone heating and root-zone
cooling under the high and low air temperature, respectively, on the growth and
development, and physiological responses of Cyclamen persicum. Firstly, to investigate the
effect of root-zone heating under low temperature, 'Metis Scarlet Red' cyclamen plants
with 6-7 unfolded leaves were exposed to root-zone temperature (RZT) 12, 16, 20 or 2
4C in a constant temperature room of 12°C equipped with floating hydroponic (FH) and
nutrient-stagnant wick culture (NSW) system. Root-zone heating promoted plant growth
showing the maximum dry weight at the 20°C. The number of leaves and visible buds
(VB) at harvest increased from 12°C to 20C but decreased from 20T to 24T.
Root-zone heating increased photosynthesis and accelerated leaf unfolding and VB
emergence compared with control, 12°C. Leaf canopy volume, petiole length, leaf length,
T/R ratio or total water content sharply decreased at 12°C. RZT 20TCincreased root
activity compared with 12°C. However, leaf width and root length showed no difference
between RZTs in this study. The most favorable RZT for growth and development in
cyclamen under low air temperature was 20°C. These results indicate that root-zone

heating under low air temperature increases root activity, promotes photosynthesis, and



then results in vigorous growth in cyclamen. Secondly, to investigate the effect of
root-zone cooling under high temperature, 'Metis Scarlet Red' cyclamen was grown in
NSW system maintained at five RZTs, 16, 20, 24, 28 or 32°C, under air temperature 3
2C. Dry weight, leaf number, petiole length, leaf width, leaf length, net photosynthetic
rate increased as RZT was reduced from 32 to 16C. But there was no difference in the
root length and tuber dry weight. The 16TCtreatment had the best growth and
development among RZTs. The result indicates that the healthy roots by favorable RZT
increased the net photosynthetic rate and might overcome the heat stress due to high air
temperature. Therefore, root-zone cooling effectively improved the growth and
development of cyclamen exposed to high air temperature. In conclusion, it was
confirmed that manipulation of root-zone temperature is effective in improving growth
and development of cyclamen exposed to sub- or supra-optimal air temperature and in

saving the expense of temperature control for heating or cooling.

II. Development of a multi-layered nutrient-flow wick culture system

1. Development of a multi-layered nutrient-flow wick culture (NFW) system

1.1. Design of energy-saving multi-layered cultivation systems

As heating cost is a major portion of the expenses in greenhouse cultivation in winter,
various approaches for energy-saving have been tried. Multi-layered cultivation systems
with arch-type roof were developed to minimize the inside volume for energy-saving. The
growing bed in the lower layer was exposed to the sun during the day and stored inside
at night. The system appeared more effective due to their intensiveness of heating with

the minimized cover area during the heating.

1.2. Evaluation of multi-layered nutrient-flow wick culture (NFW) systems

Single- and multi-layered cultivation systems were evaluated in terms of the distribution
of temperature and relative humidity (RH) with/without plants. Temperatures were higher
in NSW systems than those in NFW systems by 1.5~20C, regardless of the presence of
plants. Temperatures varied within 1~20C in the multi-layered NFW systems and varied
more by 50C in the triple-layered system. Differences in RH were 5~10% in
double-layered systems and approximately 30% in triple-layered systems. Therefore,
double- or single-layered NFW system is more recommendable considering the well
distribution of temperature and RH between the layers and the no condensation on the

surface of the film.



2. Development of energy-saving heating system for potted plant production

2.1. Design of tunnel-type local-heating system

Tunnel-type local heating system with duct was designed on the purpose of energy
saving. Two independent heaters are operated to heat the inside of the greenhouse and
tunnel, respectively. Out-tunnel heater maintains the in-greenhouse temperature preventing
the reservoirs from freezing. In-tunnel heater is operated to maintain the desirable

temperature for the crop inside the growing bench.

2.2. Performance of tunnel-type local-heating system

Desired temperature for potted plants could be maintained within +2.5 C by using a
tunnel-type local heating system. Sole operation of the heater for in-tunnel heating could
maintain temperature over the set point, especially, when outside temperature was over

-10 C. Out-tunnel heater should be operated just for back-up to save energy.

2.3. Prediction of the performance and operation of the system using a model

The change of temperature and operation of two heaters was predicted using a modeling
method. During the heating by the local heater, movement of heat occurred and this
maintained the temperature of the greenhouse over 4 - 5 C, which prevents freezing
damages. When the lowest temperature is set to 4~ 5 T, the operation of the central

heater is not necessary but auxiliary.

3. Development of water management techniques

3.1. Slope rate

Uniformity in water absorbtion of medium was the greatest in 3 % slope. When greater
than 3 % slope, difference in water absorbtion rate between the two side positions. Algae
occurred in 1 % slope. Therefore an adequate slope of culture bed in the NFW system
could be 3%

3.2. Comparison of water contents of media affected by the size of pot and wick

As the volume of pot was greater, the water content of medium increased faster with a
wider wick. However, water absorbtion rate was too high in small pot with wide wick.
Desirable widths of wick were 1 and 1.5 cm in 6- and 7-cm pots, respectively. The 1.5

cm wick was allowed for both sizes of pots.

3.3. Irrigation method for proper water management



Water absorbtion rate of medium was measured in the conditions of different initial
water content of medium, irrigation methods and time, and the contents of midium.

Irrigation time can be determined by using this results.

3.4. Irrigation frequency for proper medium water content
Irrigation time and frequency were increased with increase of plant growth. As the plant
grew, the leaf area became greater with increase of transpiration. Irrigation strategy was

required based on water loss by transpiration of plants.

4. Environmental analysis of root media in the production system and growth of potted

plants

4.1. Salt build-up in the medium affected by irrigation methods and concentration of
nutrition solution

EC change of medium was traced in different irrigation methods at EC 1.6 dS.m and
the EC of medium was the highest in the NSW systems and the lowest in the NFW
system. Under ECs of 0.1, 0.8, 1.6, 2.4, and 3.2 dS/m, the 40 ~ 50 % of salt build-up

was occurred at a depth of 1 cm from the top soil in the subirrigation system .

4.2. Analysis of oxygen diffusion rate of medium

The ODR values measured in non-soil media(peatmoss and perlite) were very unusual.
These values appear to keep increasing up to 50 % water content. ODR in soil has a
tendency of decrease as water content increases. However, in growing media of peat
moss and perlite, ODR was increased as water content increased. In this case, it was
thought that water film surrounding Pt electrode was not formed thoroughly at the low
water content. Water content of growing medium below 60% will be adequate to plants

unsensitive to high moisture.

5. Evaluation of the system with growth of potted plants through the on-site experiment

Ivy, impatiens, and kalanchoe were cultured in the developed energy-saving systems
with NFW or NSW irrigation system. Number of plants were 1,000 for each plant. The
growth of ivy was not significantly different in shoot length, fresh and dry weights,
however, number of lateral shoots were higher in the NFW. The growth of impatiens
showed almost non-significant in all systems. Flower bud differentiation occurred 3-week
earlier in the lower beds than in the other upper beds. During the period before

short-day treatment, the lower beds were regularly stored inside from 18:00 to 09:00

_10_



without light, whileh the upper beds were still exposed to the sun by sunset. It was

likely to have caused the similar condition to short-day treatment.

II1. Development of pot flower poly bench system for heating and cooling

cost saving

This study was conducted to develop the poly bench system which can minimize the
heating and cooling space in greenhouse and subsequently reduce the heating and cooling
cost in pot plant production. The system was developed to control the heating space
surrounding the double bench with the tunnel. The influence of a double bench heating
system on microclimate was evaluated in greenhouse with pot plant, kalanchoe. Light
transmittance of double bench system and traditional bench was 30%, whereas that of the
lower bench of double bench system was 52.6%. There was no difference in growth
characteristics of kalanchoe between types of bench. Installation of the heating duct
system above the double bench inside the tunnel decreased heating energy by 50 % in
protected culture of kalanchoe compared with traditional system. Amount of heating oil
consumed from March 3 to April 20, 2005 was 10,840 L/10a in the double bench
system as compared to that of conventional bench system. Cooling temperature of

evaporative cooling system below 5~6C to radiator system.

_11_
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SUMMARY
(FELFE)

Controlling the growth and flowering of potted plants for energy saving

production system

1. Growth and flowering reponses to daylength and light intensity

This study was carried out to examine the effect of photosynthetic photon flux (PPF)
and daylength on growth and flowering in Cyclamen persicum. 'Metis Scarlet Red'
cyclamen seedlings with six fully unfolded leaves were exposed to short day (SD, 8 h)
or long day (LD, 16 h) condition combined with five different PPF levels (50, 100, 150,
200, and 300 pmol ¢ m'z's'l) in a growth chamber maintained at 24/14°C (day/night).
Most growth characteristics including plant height, leaf and flower number, leaf area,
tuber size, fresh and dry weight of above-ground tissues, roots, and tuber were found to
be promoted under LD treatment, when evaluated at 16 weeks after the treatment. Higher
numbers of leaves and flowers were produced under LD than under SD condition. LD
advanced flowering by 4 to 42 days depending on PPF. High PPF (300 and 200 pmol °
m'z's'l) also promoted most growth characteristics including leaf and flower number, leaf
area, tuber size, fresh and dry weight of above-ground tissues, roots, and tuber at 16
weeks after the treatment. As PPF decreased, the plant became taller, but its growth
stopped at the lowest PPF. High PPF advanced flowering by 16 to 46 days depending
on daylength. In conclusion, LD and high PPF treatment are required to promote growth
and flower initiation and development of cyclamen, which is assumed to be quantitative

LD plant in this experiment.
2. Promotion of flowering by longday treatment under low temperature regime

First experiment was conducted to determine the flowering response to temperature and
photoperiod according to growth stage [Stage I: flower bud initiation, S5-unfolded leaves ~
2 mm visible bud (VB)], Stage II: flower bud development (during 9 weeks after VB) in
cyclamen. 'Metis Purple' cyclamen seedlings in Stage I and II were grown under growth
chambers maintained at 8, 12, 16, and 20°C in combination with long-days (LD, 16h) or
short-days (SD, 8h). In Stage I, VB initiation was hastened by 8 to 13 days in plants
grown at 16 and 20C compared to those grown at 12°C. VB was not observed under
either LD or SD at 8C, and SD at 12°C. During Stage II, high temperature and LD
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hastened flowering. There was no difference in flowering between SD at 20Cand LD at
16T, and also between SD at 16C and LD at 12C. Day-extension by fluorescent lamps
(FL) with high photosynthetic photon flux (PPF) prevented delay of flowering in
cyclamen by low temperature. Second experiment was conducted to examine the effects
of night interruption (NI) by incandescent lamps (IL) with low PPF on flowering of
'Metis Purple Frame' cyclamen. Cyclamen seedlings with 5-6 unfolded leaves were grown
in growth chambers maintained at 16 or 20C in combination with four photoperiod
treatments: 8, 12, 16 h by FL, and 8 h by FL with a 4-h NI by IL during the dark
period. NI hastened flower initiation and development compared with 8 h photoperiod at
both temperatures. There was little difference between NI and 12 h under each
temperature. There was no difference in flowering (days to VB and flowering) between 8
h at 20C and 8 h with NI at 16C, indicating that NI could substitute for expensive

heating cost.

3. Promotion of growth under low and hight temperature using root zone heating and

cooling

This study was carried out to examine the effects of root-zone heating and root-zone
cooling under the high and low air temperature, respectively, on the growth and
development, and physiological responses of Cyclamen persicum. Firstly, to investigate the
effect of root-zone heating under low temperature, 'Metis Scarlet Red' cyclamen plants
with 6-7 unfolded leaves were exposed to root-zone temperature (RZT) 12, 16, 20 or 2
4C in a constant temperature room of 12C equipped with floating hydroponic (FH) and
nutrient-stagnant wick culture (NSW) system. Root-zone heating promoted plant growth
showing the maximum dry weight at the 20°C. The number of leaves and visible buds
(VB) at harvest increased from 12°C to 20C but decreased from 20T to 24T.
Root-zone heating increased photosynthesis and accelerated leaf unfolding and VB
emergence compared with control, 12°C. Leaf canopy volume, petiole length, leaf length,
T/R ratio or total water content sharply decreased at 12°C. RZT 20TCincreased root
activity compared with 12°C. However, leaf width and root length showed no difference
between RZTs in this study. The most favorable RZT for growth and development in
cyclamen under low air temperature was 20C. These results indicate that root-zone
heating under low air temperature increases root activity, promotes photosynthesis, and
then results in vigorous growth in cyclamen. Secondly, to investigate the effect of
root-zone cooling under high temperature, 'Metis Scarlet Red' cyclamen was grown in
NSW system maintained at five RZTs, 16, 20, 24, 28 or 32°C, under air temperature 3
2C. Dry weight, leaf number, petiole length, leaf width, leaf length, net photosynthetic
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rate increased as RZT was reduced from 32 to 16°C. But there was no difference in the
root length and tuber dry weight. The 16TCtreatment had the best growth and
development among RZTs. The result indicates that the healthy roots by favorable RZT
increased the net photosynthetic rate and might overcome the heat stress due to high air
temperature. Therefore, root-zone cooling effectively improved the growth and
development of cyclamen exposed to high air temperature. In conclusion, it was
confirmed that manipulation of root-zone temperature is effective in improving growth
and development of cyclamen exposed to sub- or supra-optimal air temperature and in

saving the expense of temperature control for heating or cooling.

4. Year-round production using newly-developed heating and cooling system and longday
treatment

There are many problems in traditional production system of cyclamen including high
temperature in summer and high cost for heating in winter. These problems could be

overcome by root-zone cooling and heating, long-day treatment, and so on.
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A Fr F FTA w5 FEHAZPPF)O] Al FEH(Cyclamen persicum  cv.
Metis Scarlet Red)®] A&} 7fstel] v TS dolRux 2 AFE T35t
th olE fste] &ds HAHE 6 Fe ds vHK A ZedlE o] §sto], Fopt &
2 PPF 4~5(50, 100, 150, 200, 300 p
mol - m” - soll diste] 77 @ mx Fd xdel w=FAATh A F 1650
A ZALE AA S 2 AWA, N A7), AR} ®male] A
Az Aes, J48& £Tst= z =2 3d 74?401]/\1 61:/‘1'3] A

wu

. PPF7} ZFaghel uh

Gdoll A= 46974 M 28 ATt ‘"/}?1‘4 D} TAATH dEF, Ao FF
d St A2 (daily light integral, DL ¥]#sl= A&S w2Ah 4354 &
T3t =2 DLIA HAE Yehdth s DLII A A &1

& A& g 28 AU d5EHI 7H§} TE ‘1%1—‘_’: S #Es
o2 AJZ#hdl 'Metis Scarlet Red'= 2 Ao Ay, 4 ©@d A Zolgta ATEA

o},

2. A&

Cyclamen (Cyclamen persicum)< 3 Z ol &3k A 24 2055
Lot} ool F= ATl EEstaL o
7h Aot} Aol g AlEEtule v A
Algepdl e 2sket dstEa Q7] e 4
© w3 Y stdold, Il = Fart A4 = Uk
Al Aufel QlelA 7 & EAH T stde aEd E3E Azt
A A 713ke] Aok Aol HY AgES A
As AR A 7les ATk thJansen, 1960; Krause, 1967; Kristoffersen and
Bergerud, 1972; Widmer, 1972; Widmer et al., 1974).
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B4 4B AZeNe Wol REsW 1 @4 Preae dgel 2 9, 1w

o st Ade AnE AAeA Dok 4BALG U AT AFHL 9A =9
FAZE ok el b ARAS 20 sk Al Atk AW S
AFA HEF W 2 LEF AFAINT A E4S Frh mebd 8

F & A EA AAE fste] A3 A o] th(Morel, 1994).
Algetdl o] st Aol YR ekl S w SxEn 6m oo JofellA
Z71GA Ske] Fro] AAE AL 1 o] Fo] Zhzhe] {iotol A strb Al AbE T
(Stephens and Widmer, 1976; Sundberg, 1981). Morel>-(1994) A]Z&}wle] 3slo} A&
Ag Wstol] FEFS A Fevha Ak shARE AW FEk(se] Holg} )
o] Sk s Al slof WHES HXANZTE RisRE Qi

Algetalol A ANt Stop Fmel gk 2% o
C}(Karlsson and Werner, 2001a, 2001b). &AWk A| &
o] ofgke] gk A= A & AFdA = AlSeue] 2
aelal Jhstel] PA = Fmeh Aol FFE ekt

3. Ax 2 ¥
7h 873 233 AE AR &4
o] AL 200319€H-E 20043 8L7FA A& st s d A E )

5)
b A EE BEAA Ads A th(Fig. 1A). ©] HE(80x60x40cm A& g ul A 48t
Ao ¥ F9E A3 g3 S5 A BE)S Sy AR HEQ]
=4, 335 (FL20EX-D, Wooree Lighting Co., Ltd., Seoul, Korea)S *2}3}o] =335}
vk T FAS T T AR 1006 A olF)E AFRSATH o] Axbe 7]
28 yyl ubEol 24+42/1642C S A 8ok

Su|Z e 22 2E ANY 5uE 71 3F E 1253 ‘Metis Scarlet Red” A Z2}4
o] Zela HE WtHFig 10). FEE I3 165F] FJER e Helo] E(70:30,

viv)el 8 WiAE A Zetag 3 EA 7 eom)el AU 4 AE G 2470
A Abgske] eddoui A o= uf x| 5k th(Fig. 1B).

of A=< " 15% ¢ As AW #F Al="E AFEste] Sonneveld
AujEkth kele] pHE 5.0~6.00%, ECE 3ol dl Aol 1.2, 3lol3liH
NeAA = 1.6, M3t Foll= 14 dS'm™S ZH2F 52351 Th

U3 2 9F A
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AEAES EE oA 1657 & F 2o w=E¥Ac. dFL @A(SD,
10:00-18:00) &< (LD, 06:00-22:00)= Y+, FE(PPF)= FA(FF5)Y T8
ga)ete] 57FA] 43[50 (LL), 100, 150, 200, 300(HL) pmol * m™ « s'] O & ZA}3} 9t
AEAE 77149 QA3 daily light integral, DLI (mol-m™>-d') = daylength x
PPF] F#o w==%<%ch 144 (LDLI), 2.88, 432, 5.76, 8.64 (MDLI), 11.52,

17.28(HDLI) mol-m>-d". $1x2 #3749 o]=
Zol u|F Qojdo 7 9= uly Fu}.

glol 7l sla 4%

=A= 243 713

o A% s 54 2 EA 24

g A9 FH O = HE 3 A7HA 9 dolz  FAsAn
ANAR@E=1 em)d s FAF Aoz S, ol m o]Ael AW
Adek ZistE 2 A3 T8 A S 9HAS 9 AA(L3100, Li-Cor, Inc.,
Lincoln, NE, USA)Z Al-&3lo] A/lGET A5ttt A N3 =ol&= tAY
BN 2% Agstel AT @9, 9, A4, TT el ARFE 39 F
70£2Cell A Axg Fo ARG Ao sf5std 5HL FgdAndS A&t
FredE Bzhstlth

B HZol HlE oA F o8 photosynthesis system(Li-6400, Li-Cor Inc.,
Lincoln, NE, USA)& col&ste]l FAsAd. SA4st= gk o9 &%= 20T,
BUHFES 40%2 FAHEAT. AEd FAHS f8 dd SAHS W 30
FA G NREYS o]43dke] 0~1,000 umol-m?s 74X FAFEIL, CO, FEE
360umol -mol' & A&} 51t}.

Ao HE4e) FtEHEOlE FH
Japan)E ©] &

U3 ol ARkEH
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&2 UV-spectrophotometer(UV-2401S, Shimadzu Co.,
3ol 661.6, 644.8, 470 nmol A EFEA)S AT 7 Mro FEe

Fig. 1. Module and plant
materials. A: Multipurpose
transplant production module using
artificial lighting where cyclamen
plants were grown. Modules were
place in a temperature controlled
room. B: Cyclamen persicum
‘Metis Scarlet Red’ plug seedling
(16 weeks old) prior to being
used in the experiment. C:
Cyclamen plants were grown in
modules from transplanting to the
termination of the experiment for
16 weeks.



Chlorophyll a (Chl.a) (mg L'l) = 11.24 x Asci6 - 2.04 X Acass
Chlorophyll b (ChLb) (mg L") = 20.13 x Ags6 - 4.19 X Agus
Total chlorophyll (Total Chl.) (mg L'l) = 7.05 X Age16 - 18.09 X Agus
Carotenoid (mg L) = (1000 x A4 - 1.9 x Chla - 63.14 x Chlb)/214

3lAe A AA(CR-200, Minolta, Japan)S o] &3lo] A& ]
AFdAR S FA48] L, a, btz YEHAY. FAH@e] A 412 SAS
Al 2= ¥l (Version 8.02, SAS Institute Inc., Cary, NC, USA)oll 23] 3 = it}

4. 23 R 1@
7b. €23 PPFOl tid A5 R A3} wke

At oz AFehul o] A2 1643 stolA EEgv. 9, 9, 1
ZA|

P Ao e 8AIZFETE 16A13F tell A o ZiTH(Table 1). @ Al A ¥ o] &
Yol FFFAFE B vhd Fdol M= o] ZojA L A2 Wol Hojxl JEe] A5
= Bt BAEY AEol7u At ol AAsts e B S A ES AEZELY
7t =7] Ay ofel F2eo] RE o] Wstol o ¥ rh= 3l o] Sachs(1956)°l <
& B3 = A}, Vaccinium darrowi®t V. corymbosum®] &7] 214 &2 434S A 77t
b AU FFONA ZHE A=, ATt 2ual i Fell= ol o] A A el BAglel
RF 2e A FES 29 tH(Spann, 2003). Ul 0] A 25 Fdx stdA &4 GAS
AT STt B0 &7] Aol Frhghth A kel A AlFeb o] o] A%
2 GA o] S7hel w23t Aol

FAdo A FaE FAol =& FolXE Bl o] AS PPF7F 50004 H-E 300 u
mol-m?-s' 7} %] Z7}gte] wEl o A e ]%B‘r(Table 1). Z~HH|ole] JuAe o
ol Hlsl| Gl A Aoz F7HA7]+= 3 02 B TH(Metivier and Viana, 1979). 5
M BT G sl A | e S7FE A Elr(Flg- D). AlZEae A A sholrt
g W7hA] JF AES FA8H, BE 5~ A, Wiz 7-8H A 219 sho}r} wls] ]
wj 2ol Al Zebl Q1 o] A2 shol 3} vl - & 8 8} TH(Widmer and Lyon, 1985).

st Gl AL BFolA dojun ol ok el Hol= dA el 93
93-S W=TH(Table 2, Fig. 3). 3tAIE spA2 A% o o] gl Tth(data not
shown). AlEetdle]l A5 GA= A= A71e S7F dAS} o] %] Vi3t dAR U=
T vk o HlaYoks goolA Eol FAHI] wTel sk o] 5
o] #=3lt}(Heide and Runger, 1985). Hlaiujo} 738}l Ajzhe whdy FAdoja nHF
& o] 5t v (Heide and Runger, 1985; Kaczperski et al., 1989).
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Table 1. Petiole length, number of leaves, and leaf area per plant in Cyclamen persicum

‘Metis Scarlet Red’ grown under different daylengths and PPF levels for 16 weeks.

Daylength PPF Petiole length No. of Leaf area

(h) (mmol'm™s™") (cm) leaves (cm’)

8 50 6.33 ef’ 8.67 e 136.67 d
100 5.67 £ 11.00 de 188.00 d
150 8.33 de 19.00 be 331.67 ¢
200 11.67 ab 15.33 cd 403.33 be
300 10.33 bed 15.67 cd 433.67 be

16 50 11.00 abc 13.33 cde 322.00 ¢
100 11.67 ab 17.67 be 343.67 c
150 12.33 ab 22.00 b 492.00 b
200 12.67 a 28.00 a 764.33 a
300 9.00 cd 29.00 a 71833 a

Significance’

Daylength stk sk Heokeok

skskek * *

Daylength x PPF

“Mean separation within columns by Duncan’s multiple range test at P=0.05.
y*’M*Signiﬁcant at P=0.05 and 0.001, respectively.

—e— SDLL
25 —o— LDLL
—v— SDHL
:% 20 —v— LDHL
L)
Gy
o
s 15 1
z
10 4
5 : : : : :

6/4 6/18 7/1

7/15 8/4

Date

Fig. 2. Changes in the number of leaves per plant in
Cyclamen persicum ‘Metis Scarlet Red’ grown under
different daylengths and PPF levels for 10 weeks.
SDLL, short day and 50 mmol ® m”’s' LDLL, long

day and 50 mmol * m™"s

300 mmol * m?"s' LDHL,

2 -
‘m S .

-1

SDHL, short day and
long day and 300 mmol
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WS 7 o9 AeAos AdsteAd #dd F38 dntgjolnt. o A
a71ep AASH A= o .

4,5, 6, 7). 742 B el ol At A dFS el @

2t ARt e FEo ojA Aol vigk A4 &

U} 2 tH(Ewing, 1995).

FdA = AlFede] JhstE FXE A Fdx steA AE AsS ddx
Arch Fro wel 442474 Welth(Table 5). Y& PPF(50 mmol » m™ s)E &
, &Y A= slolE H Sl EAth(data not
shown). Piringer®} Cathey (1960), 12|11 Adams et al.(1999)°] <3} 73} 48 45
© Adel sl Fopxlvha sttt HFUotel A Lol 1441 H Y A o JfEkas
2d5E #olxal, 21 @3 ‘Garden Party White’ =Fol A4 ©f 2 Ueld oF 40
7HA ATk & stell A RSt AAHAY JstebAl ¥ FE olfre shohe
Hslddvh BE A EoA stol= AAWAIN @ sel A o] o A= ] tH(Shimai,

ofi
rlo
un)
e,
ol
ol
=2
2
s
)
o3
e

O

] %=

22004 Btol IS AAARAL

Y Aegd Ao AdHE e Bgshet, oA 54 dF =g Ho
ofit A= A|ZF JHEFel= AS T WiFEe] T2 dAol AuH(FH)ew vk
st AEAs 54 Ao =Edugd o 2 s Aolu d& 5ol ¥4 &
AAE(AA )2 FL stollM o w=A Jisteta G stell M= JHEF A ddEn

(Runkle, 2001).

FIHY 2~ FACGHA) G AERZA A 270(16A17H°] 8, 12A]FR T o W
2] 7H8kA]Z th(Cavins and Dole, 2001). ¥ A go|A Al FepulS A 7FR T} 16A]1F
sl A o e JHsketl=dl(Table 5), o= AlEehil2 ¥4 Fd A&d & 3

o 7bsAe Bl Foh

1S

o,

Hl—r

Al Zebd A5 3 73k PPROll o8 & 9 &S Bkth. 2007} 300 pmol ¢ m” s 9]
2 PPFO A& T2 W& PPFRETF U] £ A4S Bttt ¢S 200 umol » m™ « s o] A
=4S dvh 343 2 o]+ 300 ymol » m” + 57 BFoll A 7Hd 2 91 TH(Table 2). PPF7} 718l
w}2} ‘Bright Golden Anne’ = 3}(Karlsson et al., 1989)¢} ‘Grape cooler’ H17}(Pietsch et
al, 1995)¢] % =Z7]E= F74EATh 9459 9 AL 2007 300 pmol « m™ sl A T
=A S AA T PPF 1ol thE Foake gl th(Table 1, Fig. 2).

KR
=

o
=
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Table 2. Peduncle length, petal length and tuber height in Cyclamen persicum ‘Metis
Scarlet Red’grown under different daylengths and PPF levels for 16 weeks.

Daylength PPF Peduncle length Petal length Tuber height

(h) (mmol'm™s™) (cm) (cm) (mm)

8 50 0.00 g 0.00 d 973 ¢
100 933 f 320 ¢ 1043 e
150 1133 e 3.38 be 11.32 de
200 14.33 cd 3.30 be 17.64 ab
300 14.00 d 3.56 ab 14.12 ¢

16 50 0.00 g 0.00 d 12.47 cd
100 16.67 a 3.49 abc 13.06 ¢
150 16.00 ab 3.52 ab 1742 b
200 15.33 be 3.27 be 17.64 ab
300 15.00 bed 374 a 19.08 a

Significance’

Daylength ok ok * ok

Daylength x PPF oAk ok *

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

H ok Rk
¥y,

*Significant at P=0.05, 0.01, and 0.001, respectively.

16 -
Lo
14 - = S h
. C— 16h
s 12' I
510-
=
S 8
s
Z 6
4_
2- i
0 T T T T T

50 100 150 200 300
PPF (pmol - m >+ s ™)
Fig. 3. Number of flowers per plant in Cyclamen persicum

‘Metis Scarlet Red’ grown under different daylengths and
PPF levels for 16 weeks.
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Table 3. Fresh weight of each organ in Cyclamen persicum ‘Metis
under different daylengths and PPF levels for 16 weeks.

Scarlet Red’ grown

Daylength PPF Fresh weight (g/plant)

(h) (mmol'm™s™) Leaf Petiole  Flower Peduncle  Tuber Root

8 50 574 ¢ 236 f 0.00 e 0.00 g 1.20d 0.18 e
100 838 fg 282 f 024 ¢ 0.46 g 1.52 cd 030 e
150 1544 de 745 de 147 d 433 f 2.16 cd 1.87 de
200 17.88 cd 1124 ¢cd 194 d 6.45 ef  3.67 bed 1.65 de
300 20.88 bc  9.73 cde 1.97 d 632 ef 437 bc 1.46 de

16 50 11.67 ef 692 e 021 e 094 ¢ 226 cd 0.77 de
100 1345 de 680 e 256 cd 772 de 4.01 bed 1.34 de
150 21.32 bc 11.48 c¢d 3.67 bc 10.07 cd 1024 a 597 b
200 3317 a 2423 a 361 bc 13.02b 1232 a 817 a
300 3303a 1813 b 744 a 1873 a 1138 a 8.02a

Significance’

Daykngﬂl skesksk skesksk skeskosk skeskosk skesksk skeskeosk

PPF skeskosk skesksk skeskosk skeskosk skesksk skeskosk

Daylength x PPF

*

*

skeskosk skeskosk

ksk skeskosk

"Mean separation within columns by Duncan’s multiple range test at P=0.05.

s sk ok
hAR

"“Significant at P=0.05, 0.01, and 0.001, respectively.

= 8 h T L T
@ 30 A ——116h
g
g 1
o
% 20 - T
Z
5
3
= 10 A
0 T T T T T
50 100 150 200 300

PPF (pmol - m 2+ ™)

Fig. 4. Tuber diameter in Cyclamen persicum ‘Metis Scarlet
Red’ grown under different daylengths and PPF levels for

16 weeks.
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Table 4. Dry weight of each organ in Cyclamen persicum ‘Metis Scarlet Red’ grown

under different daylengths and PPF levels for 16 weeks.

Daylength PPF

Dry weight (g/plant)

(h) (umol'm?s")  Leaf  Petiole  Flower Peduncle  Tuber Root
8 50 042 h*  0.15 f 0.00 e 0.00 f 0.11 ¢ 0.18 ef
100 0.62 gh 0.19 ef 0.03 ¢ 0.03 f 0.11 ¢ 0.27 cde
150 126 ef 048 de 0.19d 0.29 e 022 ¢ 0.31 cde
200 1.58 de 0.69 ¢cd 0.24 d 038 e 0.49 bc  0.29 cde
300 194 ¢d 0.68 cd 0.26 d 042 de 047 bc 0.32 cd
16 50 0.89 fg 042 def 0.03 e 0.05 f 0.26 bc  0.18 ef
100 I.11 ef 0.44 def 028 cd 0.46 de 041 bc 0.27 cde
150 222 bc 097 ¢ 049 b 0.88 ¢ 1.84 a 0.58 b
200 3.66 a 1.98 a 0.50 b 1.09 b 2.19 a 0.84 a
300 349 a 146 b 0.96 a 1.61 a 1.77 a 0.84 a
Significance’
koK koK kokok skokk k3K sk

Daylength x PPF

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Y™™ Significant at P=0.01 and 0.001, respectively.

[-300

Fig. 5. Tuber size in Cyclamen persicum ‘Metis Scarlet Red’ grown under
different daylengths and PPF levels for 16 weeks. S, SD; L, LD; 50, 100,

150, 200, and 300 pmol - m™ - s,
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Fig. 6. Total fresh weight per plant in Cyclamen
persicum  ‘Metis  Scarlet Red” grown under
different daylengths and PPF levels for 16 weeks.

101 mmm Sh
3 16h
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Fig. 7. Total dry weight per plant in Cyclamen
persicum ‘Metis Scarlet Red’ grown under
different daylengths and PPF levels for 16

weeks.
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Table 5. Days to flower (from transplanting to flowering) in Cyclamen persicum ‘Metis
Scarlet Red’ grown under different daylengths and PPF levels for the whole period.

Daylength (h) PPF (mmolm’z‘s'l) Days to flower

8 50 133.33 d°
100 114.67 ¢
150 86.00 ab
200 84.67 ab
300 87.00 b

16 50 91.00 b
100 82.00 ab
150 82.67 ab
200 80.00 ab
300 7533 a

Significance’

Daylength Ak

Daylength x PPF oAk

"Mean separationwithin columns by Duncan’s multiple range test at P=0.05.
Y Significant at P=0.001.

d
rlo

PPF &lol A Z5E Z718a M3 28 5= 42 9o =71 oA,
300 pmol * m” s 50 pmol e m” 'R T} 469 MEZS I ATE. Antirrhinum majus©l
A Frol Frte] uet HE AL d47F A FcH(Muhammad et al, 2004).
Kaczperski et al.(1991)= w2 F = sloA e g A2 A7t S7H3tE 2S &
At =T Cremer et al(1998)= #=7F S7bgel whel /Hst d wests g7t
Hadts 23E Baugv FEPPR)SE A Aboldl foxk= %A TH(data not

shown).

e AAFY AEFLS ¥& PPFLL)EUT & PPFHL)SIIA o Z718k3ith
(Tables 3, 4, Figs. 4, 5). w}a}/ﬁ FAEFS LLol A B} HL shell A ©f L th(Figs. 6, 7). ©] A
<& Zantedeschia® ¥ 73 7|7} vk& B e stoll A Al akA 2ok 7 3}(Warrington, 1988)
o} frAbatth.

Folzol glolM, ¥& FEE 7] BARE FFH SES BA 4ANL 7
Ash Qe wol WwHAYH, A% A5HE YA WY e FEE AHE oF 30
AR AQAAY REe] 33 AARES A A7) FA Fu sE 54
FE AN Ho] @tk o A%, A W e glolu] 959

of Stobi sbg ol Am gow 4P ANEF 4EBS ANT F Ao

rE
rlo
2
ofd

[o
oft
ol
>
&8
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ol A2 ASo Zad @rsES Aiste FFAdS T7HAIH H(Kinet et al.,
1985). ®3& 3t 28 A4 A A L o= Al2hE(Armitage and Tsujita, 1979;
Armitage and Wetzstein, 1984; Carpenter and Rodriguez, 1971; Quatchak et al.,, 1986)%}
0] (Tsujita, 1987)01 4] A2 Ay}l FAlsich

73300 |.|mol°m' s Bl A A5 k3200 pmol e m”sT)HTE ¢ o]
o Ja FH7F 9 F3ste] B3 7HA 7 =QtH(Fig. 8). Zantedeschia S} M2
=2 FEo A v A th(Warrington and Stanley, 1988). T3t ZFol A= w3 x7
= | dekeE A o Ei 7 J dChFig. 9). 92 ¥ F=ed =&
< T4 8 th(Kubinova, 1991).
1] FEAQl Wakel vhdo]

I

FM

Fig. 8. Comparison between
leaves in Cyclamen persicum
‘Metis  Scarlet Red’ grown
under LL (50 mmol * m™"s™)
(Upper) and HL (300 mmol
m>’s") (Lower). A, young
leaves; B, medium leaves; C,

old leaves.

oo

Y. DLIC| th3 53 743wt

AlZetal o] Jhstel A2 A%, PPF, 183l DLIC 9&S AA %t 53] 4

WA st 249 s e A= DLIS ¥2 s HAE qu‘r;«ﬂﬂr(Tables
2, 5, Figs 3, 11). 3tA% Ao oA = DLIZF JIFS T4 %2
shown). Niu et al.(2001)<> Campanula carpaticain®|~] DLI7} ol d 55 %‘0}9/] Lld=s
o] Folxtte AL Hol FAT mYAn o 23} stole] 4= DLIZ} S7tstd
] & o]y tH(Mortensen and Moe, 1995).

ATzt 23 8174, Beje AEFTH WA TS DLIS dFS AA WSkTH(Tables 3,
4). DLI7} 42%¥ 108 mol * m” d'7+A Z7}3tell wet Campanula carpatica®l A
A ol Vst s wl AEFH £ S7FATNiu et al., 2001).

DLI *=0] 1.44%-E 17.28 mol » m*"d'7kA] Z7bgte] whe} 25 1hddk g 714
[y = 0.65 + 094x (R2= 0.85)]°l we} Z7}aithFig 124). 183 Asreodss=
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133U A 759 % 748k HskA 7S ‘Snow Cloud” #FU ool A 6.55E 13 mol
«m> d'7FA DLIZF F7bgtel wel 35 o4k JRstrb wheld th(Kaczperski et al.,
1991). Pelargoniumx domesticum ‘Duchess’o| 4 47} DLI & 37}A(5, 15, 20 mol *
m?"d"el A 200~250molm™2] Fo] FHEUS w Y AF AN A A @
AR AZEE AL BE3
slo} fx A8 4% DLIVF 7l wet Aaded, AEA7E shol E3)s17]
7FA 20 mol * m™ d'ol A 12,59, 5 molm™>d oA 400l FaFrt oA
7} Craig (2004)9] R A e & 4 Atk MAel] dojr] o] Wb &Hw} =7]7}
DLI®] Z7H4.1~10.6 molm™>d el we} Z71sl= AL 2 4 AT (Niu et al., 2000).
3334 5 3714 DLIYHAIS] 1.44 (LDLI), 8.64 (MDLI), and 17.28 mmol » m™
d'(HDLI) atoll A ¢hd3 dAhE ol S = e ﬂf‘“é%_rh HDLI 3ol A A3t
Qe A 7HE = A YERE o™, B DL FF *1 F 300 mmol » m” « 59 FE7} A
S 7Hd = st THFig. 13). B8 A EY] A& T2 7t ot whet Skt &4
W AEATL ]8T e A e JH{PE} HSo] o]t A FE o] Fo R 3
7helAl =W @3 A B AE FAHE FEsA @A | th(Erwin, 2003).
i

7z
9o A

e

Loehrlein

i

& MDLI 3lollA] #HZHATHTable 6). =4 a, b L =

AE4 TS DLV mold 45 ozt T7kste AFS Bt dE5A abve
FIZ2E ol= S 2 HDLIYA U = %TH(Table 6). <A W Fohdt] o] A4
22 3o BAd741.6 pmolem”es)ollA 329  mmolem”es! ©]3He]
23R o =% THBunnell, 2004). 18U WA AEES 23 oA T34
AEERT 954 FFel FElAa, AREel AH&srl fd AFAE
A vl & 31 th(Boardman, 1977; Coallard et al., 1977). &2waiyole] dE4 ShaFe

DLI7} Z7F8tH A 7+4 319 th(Nemali and van Iersel, 2004).

N7 A7, = AAS L AEFES DL ¥ 48t thFigs. 12B, C, D).
o] AL Anlo}, mi=gtn], W=, 2ga 9z HEFo] DLIZF F7Fgel
webA S 78t Pramuk S} Runkle(2003)9] A 7o} f-AReFIt eF 2wl aiy ofofl A =
TUETH Aol DLI® S7tel wel F7HE QA tH(Nemali and van lersel, 2004).

AEX o2 d&, FZ(PPF), 18l LAAFFDL)S Cyclamen persicum ‘Metis
Scarlet Red’®] A £, HA=F, 3t5, Agr8dsE  ZAste= b
T 32 o]l th(Fig. 14). ¥ AFolAH A F
W3t th(Table 3). B3k 22 DLICA O X1 44d wf 7Ryt wsia 39
Z7Fh wehA, ‘Metis Scarlet Red' Al E8tal2 44 Fd A &9 7tsdo] =

425 Wa & vk
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Fig. 9. Anatomical section of leaves in Cyclamen persicum ‘Metis Scarlet Red’
grown under (A) 50 and (B) 300 pmol m?'s". Scale bars represent 50 mm.

Days to flower
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Fig. 10. Specific
weight in
persicum ‘Metis Scarlet
Red’ grown under
different daylengths and
PPF levels 16
weeks.
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¢ y=80.73 +129.65 ¢ ***

=088

300

® SD

o LD Fig. 11.  Relationship
between the number of
flowers and DLI levels
in  Cyclamen persicum
at 16 weeks after
treatments. The mean
DLI levels were 1.44
(LDLI), 2.88  (two

ways), 4.32, 5.76 (two

ways), 8.64 (two ways,

5 10

DLI (mol - m - d™)

T MDLI), 11.52, and
15 20 17.28 mol * m”"d’"
(HDLI), respectively.
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Fig. 12. Relationship between characteristics of plant and DLI
levels in Cyclamen. persicum ‘Metis Scarlet Red’ at 16
weeks after treatments. The mean DLI levels were 1.44
(LDLI), 2.88 (two daylengths), 4.32, 5.76 (two daylengths),
8.64 (two daylengths, MDLI), 11.52, and 17.28 mol * m™"
d' (HDLI), respectively.

_2'

Net CO, assimilation rate (Umol - m

o MDLI
0 v LDLI
-2 T T T T T

0 200 400 600 800 1000

PPF (pmol - m ™+ s7)

Fig. 13. Net CO, assimilation on rate in response to three DLI
levels in the leaves of Cyclamen persicum ‘Metis Scarlet
Red’ (HDLI: LD and 300 umol * m™ s, MDLI: SD and 300
pmol * m” s, LDLI: SD and 50 pmol * m™s™).
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Table 6. Chlorophyll contents in Cyclamen persicum ‘Metis Scarlet Red’ grown under
the three DLI levels for 16 weeks.

DLI Contents (mg-g'1 fresh weight Contents) Chl.a/b
(mol'm™d™) Carotenoid”  Chl. a ChL b Total Chl. ratio
LDLI (1.44) 1.02 v’ 435 b 1.85 b 620 b 235 b
MDLI (8.64) 1.14 b 5.86 a 220 a 8.06 a 2.65 ab
HDLI (17.28) 1.63 a 371 b 1.28 ¢ 499 b 292 a

“Measured with the third of fourth fully expanded leaf from the apex.
YMean separation within columns by Duncan’s multiple range test at P=0.05.

5-500 5-100 5-1 500 5- 200 5-3060

L-30  L-100 L-130 L-200 L-300

Fig. 14. Cyclamen persicum ‘Metis Scarlet Red’ grown under
different daylengths and PPF levels for 16 weeks. S, SD; L, LD;
50, 100, 150, 200, 300 pmol * m™"s™.
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A5 A| [Stage I: 3o} WA (5-69 ~ 2 mme] 3FoF(VB) Stage II: 3fo} (3ol 7} Holal

5 3 SRl o

Purple)9] 7l 3} kS-S ol w2} 3 HA AEHS

=
301- KN

Fak= Al
(16 h)y =71l

Feh g

Stage 1o A 2 3}

8,12, 16,20CE FA = A4+
w=Z A Z . Stage 1914 8kol Al 22 UF7F 12T o
7y 8, 139 AF AT 12T dda 8T &, ddoME= ﬁ‘ro}ﬂ 7R AT =] A]

X7 oS A S8 st d s
7

3 2o Ao sk ’\]aﬂ}“ﬂ(Cyclamen persicum cv. Metis

T3t} o] & 913l Stage 12} 11 3l
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Hl 8l 16, 20 Coll A 2
okt

20Ce] @d 3t

6°Cel 3k, Tefar 16 ] A3t 12T < bl Zko]7} 31%4. o 288 R
FEFAEPPF) R d4E SAS W AR ASE A F AAAT 1]
fo] Ho] &k 7 A 22 w2 PPFe W E 5 S A8 gk oF3k(NI) *| 2] 7} 'Metis Purple
Frame' Al S el o] 7)ol v A= G &S Gt 438kt 5-6m) 2] o] Mg Al Fg

4ol A 8,12, 16 h(B2%), 8 h(EF5) + 4 h(WME S,

WS g2 16, 20C 2 FA =&
1+

71Fh e vl 7HA A 2l el =& A H . oF 3k A 2= 16, 20C el A B 8 hi.t} sto}
NA eF o] ZXIAZ AL 71 & 9= 12he} Bl =3 TE 20T 9] 8 het 16°C o] oF 3} A 2] of A
stol 7 Al ef wheto] Hl =gl om, o] &= ot A7t GS A S & dvkE s A S B
o F= ol At
2. A A & 7] dFY A =X 57
7t A E

A ZFel AS Ao 2R HA 2EE 20°C A F-o] th(Gerritsen, 1998; Karlsson,
1997; Widmer, 1992). o] K.t} ©+-& o A Auf st wjol] = 222 &A1 7|7} =AY 1

27) wol )k} Eobel A A
Stk 7% Aol AFHY LES

A ) A6k

A AFEAE A whol] oF&-2 18-20°C ¥
5] S AL S bel Al b o] %

o] F Futel glow LRI AL EE T A FAE Rugs Gn S H A oA
29 FAIVE 47 E 7]E o] st

Algeul e Aol #ARlel JiEete FAAER ¢4 A tH(Thomas®t
Vince-Prue, 1997; Post, 1949). = o]= AL o] B w oAl WA JAor L
o] B3ty ol B3I} XL EFEE Xo AA FJIFS WEvH(Widmer and
Lyons, 1985). 12y o] AFE A E uf Jx, Fd, d% 5 F3Ao] Al Sl
o gk = A Ao JIgS unFthE HuESl tk(Neuray, 1973; Widmers}
Lyons, 1985; Heo 5, 2003). “L2]31 AlZetwle] 44 Fd &g 5SS o= = 7}

] 31

Atk HE Riw

24 TH(Cheon, 2005).
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Bl AE FI vlUAlZehel QoA AsuAel ne g9 (F7] A7t
A% R gl MAE dFe dobrr] sl AT

Yo A5 2 3

3E & 1674 gl s-6vl= Uk Fl 'Metis Purple'S $Ho]Ze] 1=
of AREF T 175 Al 7 cm A59 EekxY sHEo] AP om, ojuf ujA|
JERA o HelolE H&S 7302 FArh dF WHe AudAsEYoy
Technigro' 20-9-20 Plus®} Technigro' 15-0-15 Plus(Sun-Gro Horticulture, Bellevue,
AAdZ Hzol 7t #A4Fc}h EC= 1.0 dS/m=Z X g}
Aol A A7le A5 dACd wek WAtk Stage [ StoliE sty R 5-6v 9]
ol Hd wiFE AA stoprp BHd w7hx|o|H, Stage = 3o 7= 3folr}
Bl ¥ 9F7A o]t} Stage 13} II9 slFat= Al ZFeulS 8, 12, 16, 20°C(S)o =
FAEE ASgd Fda6eAzh) 2 Fd@Azh Ak 4 HdA Fde F
35 (F36BX/865, General Electric Co., Ltd., Seoul, Korea)S Al-83 o Fr= A&
ol Eolol A 170420 pmol - m? - s f AW A7k BUA AW mE A2
ofZt 2242/16+2°CE FAH = AFHeR FHow A M w7 A AT
olmo] FEE 190+£10 mmol - m?> - s’ (FL20EX-D, Wooree Lighting Co., Ltd., Seoul,
Korea)Z= A gt}

A sfolrh Fete®m Hol= Al7Ie A st AlVE
b AEF@®0°CAAA 39 Hdx)S SN AE F 13
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Fig. 1. The growth chamber used in this experiment.
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A
| | | 22/16°C, 16 h

! f P Pt T
Seeding Germination 5-6 leaf stage | VB initiation Flowering
v

Temperature (8, 12, 16, 20°C)
Daylength (8,16 h)

B 20°C, 16 h 22/16°C, 16 h

\ | | | > N

I | | | 1 |

! f ! ! ! IRER
Seeding Germination 5-6 leaf stage VB initiation | Flowering

v
Temperature (12, 16, 20°C)

Daylength (8,16 h)

Fig. 2. Temperature and photoperiod applied during growth stage I (A) and
stage II (B).

o. 234 9 1F

Stage IelA= 2%7b maas, el g 2ACAA sl st S R vk(Fig.
. 28 9% 271 HelHe 257F 5242 3o} Al 22 US(days to visible
bud)7k FolEith. & Arh dedel Hls] 20°Col A= 8 erF I 16°Cel A =
69 A= I 20°C, ©L 3} 16°C %}%% v s BkS LLH 16°C Fdo] 4
Ax o Wy stolrt ®BQl A 7F 4°Co] 7hes Al & 5 e
7hsd s ATk 12°Co A 16°C94 FA oA stol WA g el SA A
SR R P D I A

12°Ce] @3 goCe Y 9 @Y FxoA= BT stolrt MMAEA ke
(Fig. 2), ©li= AlFedlo] 15°C @ F7ol|A golrt HE s Hael I gt}
(Widmer 5, 1974). A 8] 3559 JFAFE 543 22 45 Fd Aol o
Ztom, 20°C @A ¥} 16°C H Y ol = & xol7F A Th(Fig. 3).

Stage I A% Stage 17 Hl=gh AgS BT Fd A= 9 Ao vls)
20°Col A= 64, 16°CAAlA = 79 AX NS 7E ST HTHFig. 4). 16°C FL A7}t
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ANX %= JRstA 7ol = SAIA FAE AT 84 1009 o] JistES A EW,
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Ne71E 2388 dd7le= B3 dom Hlud A A7HE g 3 v)E8E
At 7he s AxETa & 5 qlth
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A %Sk stobsel qlold % R A Aol Eaksh 27 vheRA ek keh(Table
D. olE 2AZE 2 AAE Az AFAE NFo Jom, v AL AT
AAEe] Ak AQHUA Figow § oA 7t 5 Agadd] A7) WEe
= AZarc
B AT E e warld] QFd
AR Aste] Ade vn % E
du FFSS AT 97 9P A :
kel Mol WelxE wHel 9l 571 =
M Y At JRHOR Wol A W] WEel #5% AFAAetT 18]
oowebA A 2 AN A BE 39 o83 FA AL 29 A7
F Qe BFgel g A7k Bas,

(

My 2 M
i ol

Fig. 1. Days to visible bud in
45 4 Cyclamen  persicum  'Metis

Purple' grown under different
40 -

= temperatures and daylengths.
2 35 4 Treatments began after
>
A transplanting and continued for
30 -
plants reached flower initiation.
254 -—e— sh Thereafter, each plant was
—O— 16h
grown at 22/16°C.
20 ‘ ‘ ‘ ‘
8 12 16 20

Temperature (OC)

Fig. 2. Cyclamen persicum 'Metis Purple' grown under 8 h (A) and 16 h (B) at 12°C at 7
weeks after treatment. Treatments began after transplanting and continued for plants
reached flower initiation. Thereafter, each plant was grown at 22/16°C.
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Fig. 3. Cyclamen persicum 'Metis
Purple' grown under different
temperatures and daylengths at
3  weeks after treatment.
Treatments began after
transplanting and continued for
plants reached flower initiation.
Thereafter, each plant was
grown at 22/16°C.

86

Fig. 4. Days from visible bud to
flowering in Cyclamen
persicum 'Metis Purple' grown
under different temperatures
and daylengths. Treatments
began after plants reached
flower initiation (4 weeks after
transplanting) and continued for
9 weeks. After that, plants were

S grown at 22/16°C after 9

66 1 weeks.

64 T T T
12 16 20

Temperature (OC)

84
82 -
80
78
76
74 1
72 A

Days from VB to flowering

70 A

Fig. 5. Cyclamen persicum 'Metis Purple' grown under different temperatures and
daylengths at 10 weeks after treatment. Treatments began after plants reached
flower initiation and continued for 9 weeks. After that, all plants were grown at
22/16°C after 9 weeks.
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50
Fig. 6. Changes in the number of

0] ; 1?1}: leaves per plant in Cyclamen

un persicum 'Metis Purple' grown
l under different temperatures
and daylengths at 9 weeks after
treatment. Treatments began
20 4 after plants reached flower
initiation (4 weeks after
10 4 transplanting) and continued for
9 weeks.

30 4

No. of leaves

12 16 20

Temperature (OC)

Table 1. Number of leaves and visible buds per plant in Cyclamen persicum "Metis Purple' grown
under different temperatures and daylengths at the first open flower. Treatments began after
plants reached flower initiation and continued for 9 weeks. After that, all plants were grown at
22/16°C after 9 weeks.

Temperature(°C) Photoperiod (h) No. of leaves No. of flower buds
12 8 39.3 ab” 133D
16 28.6b 17.0b
16 8 29.0b 14.7b
16 41.0 ab 19.3b
20 8 39.0 ab 23.0b
16 473 a 40.7 a
Significance’
Temperature NS *x
Daylength NS NS
Temperature x Daylength NS *

“Mean separation within columns by Duncan's multiple range test at 2 = 0.05.
NS, **Nonsignificant or significant at P = 0.05 or 0.01, respectively.
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2. 332 ANS 2R A 22 59

b A&

Al 22t (Cyclamne persicum) 2732l A5 2 st £ 9k A2 747 18~
20C ¢ 16-17CE &# A gth(Dole and Wilkins, 1999; Gerritsen, 1998; Karlsson, 1997;
Widmer, 1992). ¥FH, Karlsson®} Werner (2001a, 2001b)= AN+ 71 8k7F 20C ol A

b SXEJAv . Basteh s-eveke] A Eeknl Auls il e A7 E @St
7] A A oF2S 200 HL® FASIHA MetE HXekal vy e H
F7F Aeom A8 Wike 9% duuo FEo] JtFEI = Aotk webA

<
At w42 d&FE FA4 FowA duAE diFd = A= A 7led shEe]

S FHNAM AlFetule FA 2 E(day neutral plant)2Z L&A vl A I3
ZHS 23 AR Az S WA 93 AT A g1t Post(1949)$}
Thomas®} Vince- Prue(l997)1_ C. perisicums TARANEZ EFeAT. 28 29 <
TAES 9%, BE, B 5 B8] AFede A3 ANIE WsAE F 9
L A ekslS 2 ™ (Neuray, 1973; Widmer¥} Lyons, 1985; Heo 5, 2003), ¥ &9 /\1
= AlEgdlo] A A4 E(quantitative long day plant)2] 5A & 7FA] Qlthal
@5} TH(Cheon, 2005). C. persicum 1 Al €&k wufj7p o] Folx] k7] o] H
of tigh wkg-o] WststdS 7oA = =Th(Widmer?t Lyons, 1985).

s

rAa

pl

BT T ¥7) A (day extension)o] A2 dtol A AlFehule] Mot AKE &
s mobE BTk S AR, fAH g0 B FHE5E 2A Ftel 2457
o] "ol thE EA7F Q7] wjiel e 317 9@ EoE 2R 2 A

o > o oY

]

& o A &% tH(night interruption)> A4 E 9] /& 38t o

o st AT At o2 Fe TS e FEet AIZhe] gr|dd R g

Al & 4= 2AtH(Thomas and Vince-Prue, 1997). #5 ¢S H % 22:00~

02:007FA] 4A17F A= A st Al E3(Mastalerz, 1977) WA (Viola x wittrockiana)
T AU A= s Fxo] FE§th2003).

AlZetalo] dgeo| whet Asrt GelA A e A A Eolgte 7Y AT wEel ofF

o W

HHgE T AZetule st 3 A7 fldd A2 BRIt Cheon(2005)% A ¥
7ve] AE Bl AlZEhdlo] A G AEolgtE b S A Hlal ol & HAs L =
s AAG S Bt 2 AYs ST

Bodge A #y 2704 FEY A2 7F Metis Purple Frame' Al Zghwle] 7)
stol MA= @FS ek, W oA WHoR FFTTds Hristy] s HAAE
b=y

4. A5 29

3F 3 1654 AhF ol 5-6m] = L & F1 'Metis Purple Frame' A 24l B2 (5)3Hv]
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R EE ol ALE-FITh 3F 175 F Tom A E2] Z2tag o] G2 glom o]
w2 g 2 g2 F oF AEl= AE 7o FdekA sHA
A F A ZHHE 16 B 20°C(F2) 2 FA = ASAdel 7, thde A4 A& 3t
At} & IS (F36BX/865, General Electric Co., Ltd., Seoul, Korea) 2. 2 8, 12, 16A]7+2] 7 7]
E vhESlow, 7] gA gholl AT o' Q7] Fibell 4A1ZF ZALst = e d A el E F7t
2 o] olo A 170420 pmol - m™ - s & A s AT} FFek 27 o
& gty] Fibel A EA A Eolol A 3~5umol - m” - 5T frA] g T}
A A8 5 MA L A A stof 2 A7) 2 A NS AIVE VI E o, A 205
T A4, 2, stol 2 24, A EFB0°CAA 39 1x) 55 AT SUo= Al 7
53k Btol(visible bud, VB):= Z 0] 2 mme] o] A4S, /3t 22 9o] H = 23] gz
o m Ahgton, =S wiAAlA Hi Eolo d7tA FAsslt A
SAS(SAS Institute Inc., Cary, NC, USA)2] ANOVA 293y dut A& T3 (GLM)
S o] gl on 3]9E42 Sigma Plot (SPSS, Inc., Chicago, IL, USA)S o] &3}

o AIsHeT,

o
flo o

it
fr =

.23 4 aF

229t e 5~6ug7IHH VB @77 BS HRo FAHOR gule
QS FAG(Fig. 1). 2% Aol dojA, 20C= 16T vld] VB =S LA
e} 55~19.2U 74 P HTE VB Ed2 Aol dojxwA whetxic) 8A o
F A uds o, FFEE 20CoNA 21, 16ToAlA 144714 slo} E31& &
A FEGY o} B3l 3 FaE 1247 dFH Y= S QAN 1647
Huhe A

29t AL e 2ReE d dodHE F 37 AATHFig. 2). MEAed
FE 9Fo] ZojxuHA #ZastdEd, 2009 3 =X gy fof R3lolA H
o dod ez Ao FEde 8AIZE A ulwste] i 28 dFE 16T
20Col A Z+zh 2229, 28.694 =tk 16TolA BFda 1247 94 ol = o

"Metis Purple Frame' A|
oAl AEE Al
St} Post(1949)9] H il 9]
E fFA3 WolE A HA
S 4 UtH(Widmer$} Lyons, 1985). 335t
E HYoy 1647 T 1 gt A9
Aol WMAFol o 4A3 BT
AgE 16417 433 22 AQE HX a3E BHAthAdams 5, 1997; Runkled}

= o
Heins, 2003). 5+ PPF(1~3 umol - m” - s)¢] WA %o o3& FFdho] %o 3L
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FEe] Wyl AFE7Ie FRd ool A%
H 237} A tHThomas and Vince-Prue, 1997). o] <1
= 'Metis Purple Frame' A& FdAEe] 7|24 54E 7HA L o,
Fsdo]l AEH st A4 2
7
Y

[}
=
HolEH, T olyA Ais 9

Fig. 7. Days to visible bud
in Cyclamen persicum
'Metis

t

Purple Frame'

Days to flowering

Days to VB
D
(=}
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30

grown under different

200
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¢} temperatures and
daylengths.
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—0O— 20°C
8 12 16 NI
Photoperiod (hours)
Fig. 8. Days to flowering in
Cyclamen persicum
'Metis  Purple Frame'
grown under different
temperatures and
daylengths.
—8— 16°C o
—O— 20°C
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Photoperiod (hours)
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Fig. 9. Cyclamen persicum
'Metis Purple Frame'
grown under different
temperatures and
daylengths for 19 weeks
at 20°C (A) and 16°C
(B).

Fig. 10. Cyclamen persicum 'Metis Purple Frame' grown under different

temperatures and daylengths at 12 weeks after treatment.
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Table 2. Leaf number, visible bud number, leaf height and dry weight of Cyclamen persicum 'Metis
Purple Frame' grown under different temperatures and daylengths for 20 weeks.

Temperature(°C) Photoperiod  No.of No. of Leaf Dry weight (g)
(h) leaves flower height
bud (cm) above corn root
16 8 40.6bc®  9.4¢ 7.3d 1.87 f 0.17 ¢cd 040 ¢
12 44.5ab 173 ¢cd 85 ¢ 241 de 023 cd 038 c
16 513 a 331 a 10.6 a 357 b 041 ab 057 b
NI 30.1 ¢ 135 de 5.6 e 142 ¢ 0.16 cd 024 d
20 8 40.7 bc 118 ¢ 57 e 2.00 ef 0.14 d 0.29 cd
12 39.6 bc 260 b 85 ¢ 3.05¢ 0.30 bc  0.69 b
16 40.7 bc 334 a 9.8ab 4.11 a 0.46 a 0.84 a
NI 344 bc 188 ¢ 72 d 2.57 d 0.18 cd  0.34 cd
Significance’
Temperature NS ok NS oAk NS oAk
Daylength NS skksk skokesk skksk skksk skskosk
Temperature X Daylengh ** * HoHok ** NS Hoak

*Mean separation within columns by Duncan's multiple range test at P = 0.05.
NS, *, ** *** Nonsignificant or significant at P = 0.05, 0.01, and 0.001, respectively.

Fig. 11. Cyclamen persicum 'Metis Purple Frame' grown under different temperatures and
daylengths at 20 weeks after treatment.
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A3d A2oH <GS 3 AT A5 =3

1. 48

2 oATE 9 29 257 7oA AZetde] A& mAe= %S et
ol Ag A AujAl ol vqA e 9 HAa I B JhsAdE A 9fE
At AMF o]l 6~771<S1 Metis Scarlet Red' A ZF&HlS 12CE FAHE =
Aol a1 12, 16, 20, 242 @ RS Ay dde "o 4 2w A
A Ao g FEaAth <l e AEgtue] 4SS FsA=, 20T A 7t
T AT Adee dAn A St stebe] g 29 2R7F 1214 20T}
A S7betHA Foluwt eyt 24Tl M= FF4st At o 2E0 e

Fede AANAT

2. A&
Tl A Aabgke] Frbetal Qe AF 3 A Eoth

T2 w3 AL =otEy A3 A7) 7F thgFste] 1717F mobA A o, dE
N e 7hE AitEFe]l B 23 T stuolth AlEEbule S A2 20°C(Ball,
1991; Karlsson, 1997; Karlsson and Werner, 2001a, 2001b; Widmer, 1992)°]7] wjit-ol
A 24 A A A48 S SEE
AUAE deokste= WY
= A3 F4 AstE
EgHor @9 2%
et al, 2001). &¢@d e XgHE Wkt vjwsle o
Asol 2o glo] duxE a&X o2 dE + ArH(Sandwell, 1997).

A&l QlojA HEe A4 = kA& o] ofsty] wiiel <A
o] &3 Avk(Paulsen, 1994). <&@ WS SE Fo e deo AglHel i
ol s Fo] AFAom AEA Ao A3 dede] WstE 742 (Cooper,
1973; Dodd et al,2000; Tindall et al., 1990). < 2%7} HAH LA HHLL=
Feel el A5 Ao AdAHoR FIHetH(Cooper, 1973).

AFg7HA AlEekule] 7)o gt AF= Bo] A A TH(Karlsson and Werner,
2001a,b), A #HF StellA <A =7 AlFebdle] K o] mX = o

e

-z

fz

u)

2
o
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4% dTE MET etk B APlAE AZehd BA 22 A A oA
AR S ALuAE F A 27 W] ATl A% Wk vHE &
5 oobu gt}

3.AE 2 3

dF T 9F 4 HlF o] 4mQl F1 'Metis Scarlet Red' A&l 2 AL (F)%Hy]
HIaRRE FYste] JER A9 HelolEvL 732 Ed wiA 7 QYR A7 Tem
Fopag s AAEAT 47 2deA &FRA F 12T FeA
(410x245x190cm) = AT Aol 2% do] 7 FopaE A 9E T
ZyZy 470wl 427 (floating hydroponic, FH) % T 4l X|(nutrient stagnant wick,
NSW) wale] g Al2~®S X5 th(Fig. 1A, B).

FH Al2®lo| A= 45 3] E(PHILLGREEN, PH-60 [60w])Z2 2 FH Zebx¥ Axt

A

K

il

o] Fole shdste] Welo] LET YW, NSW AxRlAE Fehagy 44 o
2 Ak XL stelZz 252 #8474 3719 W o de 377} shiel
LEE YHATE WHoR 29 Wi A 74 AsgEE B9 RES 47 1

T A AA A tHFig. 1C, 1D). +d &%
= WX EHORRE 5 cm ol oA thermocoupleZ A 3e] Hlo]EH ZA(CRI10X,
Campbell Scientific, Inc., North Logan, Utah, USA)Z 7] &3}%)

gl ASS L&A s 98 FF5(FL40SSEX-D/36, GE, Bucheon,
Korea)s ARg3lo] 334 5 4 %A (photosynthetic photon flux, PPF)< 240+20 p
molm™s™)o] W& 12A7F dFor FAE Tk A& Ulol 712 1240.6C, )
FEE 89+2%E FA H Ut

T Al=E 25 7 Aul8 B FE <l Technigro' 20-9-20 PlusE Eo %] EC 1.0

dSm'¢} pH 5~63 FAe= $AS whEo] AT FH Al~Elo A= 15 LY
ea]r 2~ AN EE 2 &7 ddEs AY F Aol AEAY BYE Y @
b3, NSW AZHolAE SRdA Folme AAm BUd Felel @b Ba
oFH Azsel sl ME g v Sl )T waslE A
meter(TOA DO-14P)E o] &3] && A4S 7541 mgl'2 F4AZth

=

FeEARJA SHA(HF, 2, HEA 1‘%‘1 stob(2 mm ©]h) 3 A=F(B0TNA 3
Z

.

2
1l

o
N
Jou T

g
o &

o

i

jan

o

4

w2

=

> 2
l >

d A= = Ao A AEl T eFAe 15F A 2+ ZAL
sttt 9% 942 M 1 @S %46}914. wmalo A mAE Qo & 7 K
A2 FEste] AAFTS SAsAT 24 9 AEFS 802ToA 345 A=
AZLF ZASAC A EAY Ry 24 22S 47 Eol9 AEFo® = ¢
Tdom 7t sta Axtskdv

wegd s vasty] 98 Hel 675 HHRZT 12, 200)2 Lt AA S

e 38S AAS 2em AVIE ZARTH o] AlEE AP Ea 1% 2, 3,
S-triphenyltetrazolium chloride (TTC) solution, 0.1 M sodium phosphate buffer solution
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(pH 7.0), 1213 THTE 1452 S &4 10 mLS H7Mstdrh o] Alg#e 3
0C x7olA 2A1%F F<t wistil 2 N H2S04 3mLS F7bste] RE&& TR AR

o 8 AR A ES AAS F wxpaApde] Wil 7~10 mLe] ethyl acetate®} sea
sandE H7FslAA fF8S o83l vldstd i, P4 ¥ formazans FE3FATE 9]
A5 E 4,000 rpmoll 13#7F YA Fgste] s S FHSE3 AL, UV-spectrophotometer
(UV-2401S, Shimadzu Co., Japan)E ©]&3}9] 470 nmol A &3 =5 ZA3A. ¥+
F4L TTC &7} ethyl acetate®] WHS-oll &3] wrEolxow, 1 ALk WA A
.Qqu, 71—1;]_

j= = .

flo
)

Root activity = produced formazan (mg) / root fresh weight (g) X reaction time (h)

ARAE Hol g8l AE oA FAATE =3 F/dES infrared gas
43 F o833 =4 7](L1-6400, Li-Cor Inc., Lincoln, NE, USA)Z =4

d719] chamberd] ¥ FHAL 2emoltt. AHE 7|75 leaf
32T, Ad §%% 35%2 FAHAY. 33> PPFE 2 W
A

2 WA IIEA F48 A, 4 dAERE 30T7L FA AT F=(PPF)E F3HA
Z2A7] Wi #YS o] &3] 0~1,000 pmol'm™s’, CO, ¥ %X 360 umolmol' &
A=
Az o] EA A SAS system (Version 8.02, SAS Institute Inc., Cary, NC, USA)<
o] §3tATh BT ATLAE o] &3 EAEA(P<0.05)S E3 FAHA FoA
S AAskA o
=Y [tala logger Water

Hested waber pipe Waler beater

Fig. 1A. Schematic diagram of nutrient Fig. 1B. Nutrient-stagnant  wick
stagnant wick culture (left) and floating culture (left) and floating hydroponic
hydroponic (right) system. (right) system.
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Fig. 1C. Diurnal changes of air Fig. ID. Diurnal changes in air
temperature at top of plant canopy and temperature at top of plant canopy and
root-zone temperature at 5 cm below root-zone temperature at 5 cm below
the water surface in floating hydroponic the medium surface in nutrient-stagnant
system. wick culture system.

4. 23 9 1 F

Algetdle] A& fstel oisf <@ W
oF 7}23HA] & dE&T(12T0)E Bl AA S AL BE
W 2wl S E dEFol s thFig. 2, 3). i W 2
ARl zbel7h gtk A=A FUEFS 20T A= 0.94g01 AL nﬁé?—oﬂﬂ—t— 0.64g
olAtt. olH3 A= +H 2%Vt 2 EFSE ‘Dolores’ F Tineke' v o] A3t A
rbeFol 7247 42%, 19% S 7tek A3 FAFSH(Chung et al., 1997). $-2vebe] A3
Sg7lo] 2 e dst gr ALkl dolA s FES FFATIE o)A
W o2 AZFE T 'Gabriella' Fr)oll JME 2@ EEE 13TCoA 23TCT= &8 &

Aol A& IS F7FAIZ tH(Tsyjita et al., 1983).
2 YA HEFTS dETolA 7P = thFig. 2). Karlsond} Werner
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(2001b)= 71 8~127Col Al 16~24Cel Hls| A9 HAEFo] F7lete S
gule B Ee] Bl Aol ahglth atel AL 7ol 30
10CE #AAstHA 2o &uls 571 S th(Karlsson and Heins, 1992). £ <A
A dEE 2R AeTel 97 ARF St Fue @val A4 B

+
T

r>ﬂérﬂ
2 > o

=
=

0{

na K]

Top i)
Tuker i gl

Fig. 2. Effect of root-zone
temperature under low air
temperature on dry weight
of 'Metis Scarlet Red'
cyclamen grown in FH
system at 6 weeks after

Roi-aene lemp ecapae (M0 treatment.

Rasd (g}
Toial ixi

Fig. 3. 'Metis Scarlet Red' cyclamen grown under different root-zone temperatures under
low air temperature using floating hydroponic system at 6 weeks after treatment (left)
and nutrient stagnant wick system at 15 weeks after treatment (right).

e R 120HE 200744 WA LTt Bold S, Suvlel 5o 5
bt FhHAT, 4 CAME FadE AT BAthFig 4, 5. AFAE B
e g4 B by BE 959 SolE 2t 29 2EE AN £ AT

914 = 33.8375 + 5.253x + 0.1367x° , R* = 0.99
slo}4= = -27.9833 + 3.9875x + 0.0990x2, R’ = 0.99
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14 1 il o
Rust-zane wmperanire (1)
Fig. 4. Correlation of  root-zone

temperature under low air temperature
with number of leaves of 'Metis
Scarlet Red' cyclamen grown in FH
system at 6 weeks after treatment.

el sAA o8 o
9 G HEE 19.1Cel 3297M/Y =
frAbslH, olA & S43 Al7IE s
o x7] 4 A

t}. Karlsson® Werner®] HthE K 31(2001b)ol] 2] &
He A% 3torel =37 do]uk(Karlsson,
=051 AEA FHoY Fe] Fagt dixTtel HlsA =

Wtk AZedel e sle 20CE

1997), 7}

oL 9at sope] @ R O Wavh(Fig. 6). A
2314 717] wjio] o]

=
29 UWe 9L am 2 wEw
3

ohE sty

7} % tH(Table 1, Fig. 5).

o) 12TColA 7 #ske=dl, iz

R e 12°coﬂ*1 74w e
T/RH| =

oAz, o] A=
White, 1984).

dd A wde] FHA
A 0. o =% K

Al71el daE
AT 9 Bl ot sfol Eate] FHA d 25 20.1T3

Mo . of %W Hs
=
g
s

y= . JT9E31+ 19675: . D09’

=0

4 T T T
12 16 Hi b |

Beat-zane femperamre I_‘L'r

Fig. 5. Correlation of root-zone temperature
under low air temperature with number
of visible buds of 'Metis Scarlet Red'
cyclamen grown in NSW system at 15
weeks after treatment.

[

o] AL

N

2EE 192TA
Karlsson¥} Werner(2001a)2] X 119}
AQst= d T8 AFgd

stoba= 7] 20TolA 74

Sebdl & 58 A Aol 3}

2 v § F Q23K (Widmer and Lyon, 1985).
TE BA st AEAY dA FYE F

ARl A A 9ol Qe 9 EAH ] 2

)\113;‘(]]9] Oétﬂx‘ko 01: 5501‘[1 1:].

glo] dol= Aezte] ze7t filvh

ewol ola)x Welo] ATt A4y

T AATHFig. 7). <A % 12TolA = &
1 60% Hhel =4 ehak e, 20T oAM= 29 7hol
o] A o

o] x ]

Agn AR A 4%S o

AT Ao} UA3FATE (Bugbee and
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Fig. 6. Changes in number of leaves and visible buds of 'Metis Scarlet
Red' cyclamen grown in NSW system as influenced by root-zone
temperatures.

3.0

CIFH
25 I NSW

T T Fig. 7. T/R ratio influenced by
T different root-zone temperatures
s in 'Metis Scarlet Red' cyclamen
grown in floating hydroponic
10 (FH) and nutrient stagnant wick
ﬂ (NSW) system. Top and root

2.0 -

T/R ratio

051 dry weight was measured at 6

and 15 weeks after treatment in
12 16 2 2 FH and NSW system,
Root-zone temperature ("C) I‘espectively .

0.0

A A thFig. 8). & =X 20Tl Auj=d
= e @S B o] Ay
A

A 2 S AR OoT o] AL shoot=E 9 E 3}
ol %3 2 daAS zZhegau 3 Kim 5(2001)9 Bast A& A A
A 22w EvfES YE 54 S A H(Tindall et al., 1990). <+ 2
g5 AL A 9 A, a9 AEA F FETES S7HAI A THTable 2).

A3t 2l 25 20T7F 12°Co) Hla) eo] e FF FFS MG

SAFAAES S8 AN dold FASAY. =B} ES 12TRY 16, 20,
Tl o =9h(Fig. 9). 2.0 oA &% 20C7F 15Tl vl FEA
7 Z B (Moon, 2001). o] A2 9] A& Fxlo] 9] ABA FHEFe] F7tated]

flo =
2
2
S
1
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Table 1. Plant volume, petiole length, leaf width, leaf length, root length at harvest in
'Metis Scarlet Red' cyclamen grown in NSW system. Root-zone temperature treatments
were initiated 13 weeks from seeding and maintained for 15 weeks.

Temperature Plant volume” Petiole length ~ Leaf width  Leaf length  Root length

() (cm3) (cm) (cm) (cm) (cm)
12 1407.9 v’ 37 Db 4.1a 40 b 73 a
16 35354 a 58 a 4.6 a 50 a 115 a
20 35324 a 6.0 a 4.7 a 48 a 119 a
24 3481.7 a 53 a 45 a 4.6 ab 12.1 a

“Plant volume was calculated assuming a cylinder-shaped canopy with leaf height and
width as the diameter.
"Mean separation within columns by Fisher's projected LSD (P < 0.05).

Table 2. Effect of root-zone temperature under low air temperature on top, tuber, root,
and total water content of ‘Metis Scarlet Red' cyclamen using FH (at 6 weeks after
treatment) and NSW (at 15 weeks after treatment) system.

Temperature Water content (%)

(C) Top Tuber Root Total
FH

12 88.23 b* 81.05 b 88.03 b 8547 b

16 90.80 a 89.65 a 89.14 ab 90.40 a

20 90.73 a 89.31 a 89.54 a 90.35 a

24 90.63 a 88.84 a 89.80 a 90.15 a
NSW

12 90.07 a 76.41 b 95.01 a 85.19 b

16 91.15 a 83.84 a 9297 b 90.14 a

20 90.49 a 85.16 a 92.86 b 89.69 a

24 90.19 a 84.45 a 92.82 b 89.38 a

“Mean separation within columns of FH and NSW systems by Fisher's projected LSD
(P < 0.05
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B dATE 39 Al ASge] ofF Au Al 2 2EHZA ol Zd Y
We 3 A X9 TheAds A7) Al A A E AT Metis Scarlet Red' A E
2t S 32T Sl wixsta 23 %5 16, 20, 24, 28, 32CE FAsHA &
Mg ol Ax wAog FFsth 2 2%7F 2CEYH 16C7HA sold =
A A, 99, 95, 9% T i8] 45 545 Fokdd. v <%
B} ARG AETS FvE A EXFHES 2A1 227t HFagsE SUhe
Atk e 2EH A el ASH FFA Mg T2 29 25 16THTE oY
g A= 2 Wo] e o] S Fo gl FeU AGFIEL §
BE SVHA FREE Fske AR Addd. webd oFH 27 AF
o] AHs gHAoR PN AdME 24 2xd vFEE Rt +d 2
EE UFe Ao &S dste] AAHoRE g&4Y Aom HlT
2. A

w3t AEQ AlEdle A4 AEolth. oo A stolidstrtA] Al Zehdl Ak

S 93 HAH L& 20Co|tkBall, 1991; Karlsson, 1997; Widmer, 1992). h=rol A

AEEtds Fd ANE A9 AA He F8 24 F oshde odF Sk 24 U9
e S
| 2~

=
gkS Frf(Salisbury and Ross, 1992).
3] Rubisco} 33aA ALE o] tALe}l &
At A5 HHAJA JFE FTH(Berry and Rasion, 1981).  Karlsson?} Werner

(2001a, 2001b) S=2 AZdue] 44T w8 $vE A4aE T2 874 290

2 Bk

BEAA3 B 25 AR 2 x4 o] A& (Ramcharm et al, 1991; Ruter and
Ingram, 1990, 1992; Xu and Huang, 2000a, 2000b, 2001a, 2001b)3} Y& F4~(Klock et
al., 1997; Huang and Xu, 2000)°] SlojA 7]=xHt o 2L JFS
IoES s/ B2 S 2R wBestEs A9y e 1 E o e
S tH(Carrow, 1996).

Creeping bentgrassoll 21oJA] 7122 35CE FA3HA &d 2525 35CelA 2
0C=Z w51 FgAI F ¥ F+Z2E5 32 (nonstructural carbohydrate)2] ¥HaF, =] 3}
2 2GR AFES ST o2 dE] AAF- A RFE AS A2 2
0CE FAste AY sd3 59 Jd9 A& FAAAG =3 =4 d3e 4

(Kuroyanagi and Paulsen, 1988)Z} % & 7}A]U5-(Ruter and Ingram, 1992)2] 3334z
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s SAAAH.

Algehul o] A ddoel] lojA 7129 FEFe Z WAl AE o] ghtk(Karlsson
o

and Werner, 2001a, 2001b). 22} 1o W17+ AJFEtullo] QlojA] 11 AE#H A
FES A 2d 259 Jd gigk A= A9 gl # AT AlEH &
sb Akl Aol v S 2E7F Ay ddel mA= FEFs FHsty]l 98

AATE A

2O 9 1197hA] MEdista 5771 1A AS3(180 x 90
x 190 cm, Dasol Scientific Co., Ltd.,, Suwon, Korea)2] & = Yol A o]FojH )
A& WSS A& sh7] 98l 35 (FL40SSEX-D/36, GE, Bucheon, Korea)S
Abgste]l 334 & 33 22} (photosynthetic photon flux, PPF)S 175 pmol'm™s™
(s.d. £20)9] HE& 12A7F dFez AT A5 W 712 32+0.17TC,

A gitel e £x41 x 245 x 19 em)E F% AE79 ZeprE glo]x
2 E3 W5 3kl g3 16, 20, 24, 28, 32C(s.d. £D)E FAHYY. <A Lx+=
2] EHOZRE 5 cm ol olA  thermocouple® =7 3te] HolH =7 (CRI0X,

Campbell Scientific, Inc., North Logan, Utah, USA)Z 7] &3}$)

9F & 8F%H ‘Metis Scarlet Red” A|F&l ZHIRE (F)v|Zej22HY &+
Firol v ER A9l HelolE &) %] (70:30, vv)SE A ZTksE FHE@T7 cm)ol o]
At 2HoA 253 A F 74 A A F2 sx e feiol
AMA W=z Sk o] fElwol: 20N-3.96P-16.6K2] <ol AJu]E H]E  Technigro
20-9-20 Plus(Sun-Gro Horticulture, Bellevue, WA, USA)7} 150 mg - L' N9 552 o}
At Foe] Folglom, sl wolmy AAE Wik @ AA wHow wiw

Atk <kelo]l ECo pHE A 717F 5 24+2F 1.0 dSm™' ¢} 5.0~6.02 FA5ATh

AR@E=1em), 9, 4, AU, ART 5 2o du % A% SAe
Ao 8FF AANE SHRAE ABR 43 Y 0 AR SHAPD & ¢
AW ABFS 802CAAH 3QB A2A F FHSAT YT thao BA

Hol et A xkekgic,

of ¢ds] HME SolA FAsAv. =3 F AL ELS infrared gas
&3 T o 8-3334d =4 71(L1-6400, Li-Cor Inc., Lincoln, NE, USA)Z =74

otk B4 =4712 chamberel =¥ FW AL 2em’olth. Azl 717HE9b leaf
L 320, Al §5e 35%= A EAY. 3 F8S PPFE 2 W

gt 72t dAERE 3081 AU FE(PPRHE FFA

S o] &8te] 0~1,000 umol'm™s”, CO; F%+ 360 pumol'mol' &

A&t
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28 SAS system (Version 8.02, SAS Institute Inc., Cary, NC, USA)S-

=]
R
e EELAE o] ST BT (P<0.05)s Tl EAAR] oA

Fig. 1. Schematic diagram of root-zone temperature control system (left) and root-zone

temperature control system (right).

34

—e— 32°C
32 - W o g0
30 —v— 24°C

28 6-0-0-0-0-0-0-0 0" 0 0000 OCOCo 000 | | )5

—8— 16°C

O 26
°: 24 4 TTTI I T T YT YT T Y ey
§ 22 Fig. 2. Diurnal
20 7 W changes in
18 - root-zone
16 m temperatures
14 T T I T T T measured at 5 cm
0 4 8 12 16 20 24 below the medium
Time (h) surface.

2C9 =2 7] 204 'Metis Scarlet Red' A|E&Hlo YEEL =714
<A 2% 32, 28, 24, 20, 16Tl A Z+ZF 0, 50, 87, 100, 100 %E X
= By 759 FH2 WA YeElys A9 2] o

gk
ol 288 A4 252 AT a2 o3 AF A A=k o] Bol #ad"

(98

A=

4 S tH(Kuroyanagi and Paulsen, 1988; Chaisompongpan et al., 1989; Sasaki and Itagi,
1989).
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Fig. 3. Effects of root-zone
temperature under air
temperature  of 32°C  on
survival rate of ‘Metis Scarlet
Red” cyclamen at 8 weeks

after treatments.

1gs Fo 29 2% 16CT =

u}. 2ey w49 A

5 =7 A
TS AY 1 -‘ﬂx}7} S tH(Fig. 4). AA AEFTS A% 20, 24, 28Tl A
16Cel &) 2tz 55, 156, 182% =7Fstsdtt. 5’3‘33 Aol tigk o] AFEAAE

7}
sk S Wie] A ¢S F7HAZ 3(Sasaki and Itagi, 1989; Udagawa et
al., 1990), 24 WS 9% oA AB%E = vH(Matsuoka et al, 1992). Lee%}
Takakura (1995)% =2 7|2oA AAj " A|FA =74 A | Oﬂ?oﬂﬁ e AHYsr
th 22T <4 do] 7MY £2 9 AR AFolA Hd AE=FS 24/24T
(air/root) Aol A AAARE HF HAE YA dojA= 31/24C9} SAAL 9
ZF7F LA thH(He and Lee, 1998).

azstell A 2@ Wk ¢l #E3tol AUiE FAANAY. dae 2d 2% 24T
o} 28T nlste] 16TNA] 4~6v] S 7}stSdth(Fig. 5). Karlsson?} Werner (2001a)%
A= @@7}1%01] TS o HAd FAMEL 19.1TIA 0329 leaves/day i UL
Hustdnh 718 32TCTE AAe & AFoA Ao 5 <d 25 16TAA

T A Th(Yeager et al, 1991; Hood and Mills, 1994;
Klock et al., 1997; He and Lee, 1998; Huang and Xu, 2000). ¥2] &% S 58 =
S 1235 e Tl oA H ¥ 9k tH(Graves et al., 1991). Creeping bentgrass©l 4]
35CelA 2002 &+ 257F 74T o BeoAo AE7|d gt ofyet A3}
Fo A ARz ANEIY FFE T7HE JATHXu and Huang, 2001).
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anz | | g3 = cyclamen as influenced
by root-zone temperature
i L o under 32°C air
I w M = temperature at 8 weeks
Root-aome sssperwiure (°C) after treatment.
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Fig. 5. Number of leaves in
‘Metis Scarlet Red’ cyclamen

as influenced by root-zone

temperature under 32°C  air

16 a o i temperature at 8 weeks after

Root:zan# temperaire |_¢E"| treatment.
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AHg 7oA 2 259 A= Rubiscod] &He} &§FS FUIAASS vt
Y} (He and Lee, 2001).
AHor B ATE AZede A5 2de 7)o

e
w9 graE PHE F AE HSAS AAdsa aem 29 wigade] ol
A AN AsEe BEAE F9EE 370G glol o§F £ Ak ady £
A A% AGE e wrsh BEAL Bohslor & Aolvh

Table 1. Effects of root-zone temperature under 32°C air temperature on leaf morphological
characteristics at 8 weeks after treatment in ‘Metis Scarlet Red’ cyclamen.

RZT (°C) Petiole length (cm) Leaf width (cm) Leaf length (cm)
16 8.0 a’ 55 a 54 a
20 60 Db 45D 40 b
24 5.3 be 4.1 be 35D
28 42 ¢ 3.6 ¢ 34D

* Mean separation within columns by Fisher’s projected LSD (P < 0.05).

Net CO, assimilation (mol.m™.s™)

300
PPF (noleni's™)

Fig. 6. Net CO, assimilation rates under
incident PPF in response to different
root-zone temperatures under 32°C air Fig 7. Growth of ‘Metis Scarlet Red’
temperature  in  ‘Metis  Scarlet Red’ cyclamen grown under different root-zone
cyclamen at 8 weeks after treatment. temperatures under 32°C air temperature
condition at 8 weeks after treatment.
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SUMMARY

Section 1. Development of a multi-layered nutrient- flow wick
Culture (NFW) system

1. Design of energy-saving multi-layered cultivation systems

As heating cost is a major portion of the expenses in greenhouse cultivation in
winter, various approaches for energy-saving have been tried. Multi-layered
cultivation systems with arch-type roof were developed to minimize the inside
volume for energy-saving. The growing bed in the lower layer was exposed to
the sun during the day and stored inside at night. The system appeared more
effective due to their intensiveness of heating with the minimized cover area

during the heating.

2. Evaluation of multi-layered nutrient-flow wick culture (NFW) systems
Single- and multi-layered cultivation systems were evaluated in terms of the
distribution of temperature and relative humidity (RH) with/without plants.
Temperatures were higher in NSW systems than those in NFW systems by
1572°C, regardless of the presence of plants. Temperatures varied within 172°C
in the multi-layered NFW systems and varied more by 5°C in the triple-layered
system. Differences in RH were 5710% in double-layered systems and
approximately 30% in triple-layered systems. Therefore, double- or
single-layered NFW system is more recommendable considering the well
distribution of temperature and RH between the layers and the no condensation

on the surface of the film.

Section 2. Development of energy-saving heating system for
potted plant production

1. Design of tunnel-type local-heating system

Tunnel-type local heating system with duct was designed on the purpose of
energy saving. Two independent heaters are operated to heat the inside of the
greenhouse and tunnel, respectively. Out-tunnel heater maintains the
in-greenhouse temperature preventing the reservoirs from freezing. In-tunnel

heater is operated to maintain the desirable temperature for the crop inside the
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growing bench.

2. Performance of tunnel-type local-heating system

Desired temperature for potted plants could be maintained within +2.5 C by
using a tunnel-type local heating system. Sole operation of the heater for
in—tunnel heating could maintain temperature over the set point, especially, when
outside temperature was over —-10 C. Out-tunnel heater should be operated just

for back-up to save energy.

3. Prediction of the performance and operation of the system using a
model

The change of temperature and operation of two heaters was predicted using a
modeling method. During the heating by the local heater, movement of heat
occurred and this maintained the temperature of the greenhouse over 4 -~ 5 T,
which prevents freezing damages. When the lowest temperature is set to 4~ 5

C, the operation of the central heater is not necessary but auxiliary.
Section 3. Development of water management techniques

1. Slope rate

Uniformity in water absorbtion of medium was the greatest in 3 % slope.
When greater than 3 % slope, difference in water absorbtion rate between the
two side positions. Algae occurred in 1 % slope. Therefore an adequate slope of
culture bed in the NFW system could be 3%

2. Comparison of water contents of media affected by the size of pot and
wick
As the volume of pot was greater, the water content of medium increased
faster with a wider wick. However, water absorbtion rate was too high in small
pot with wide wick. Desirable widths of wick were 1 and 1.5 c¢cm in 6- and

7-cm pots, respectively. The 1.5 cm wick was allowed for both sizes of pots.

3. Irrigation method for proper water management
Water absorbtion rate of medium was measured in the conditions of different
initial water content of medium, irrigation methods and time, and the contents of

midium. Irrigation time can be determined by using this results.
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4. Irrigation frequency for proper medium water content
Irrigation time and frequency were increased with increase of plant growth. As
the plant grew, the leaf area became greater with increase of transpiration.

Irrigation strategy was required based on water loss by transpiration of plants.

Section 4. Environmental analysis of root media in the
production system and growth of potted plants

1. Salt build-up in the medium affected by irrigation methods and
concentration of nutrition solution

EC change of medium was traced in different irrigation methods at EC 1.6
dS.m and the EC of medium was the highest in the NSW systems and the
lowest in the NFW system. Under ECs of 0.1, 0.8, 1.6, 2.4, and 3.2 dS/m, the 40
~ 50 % of salt build-up was occurred at a depth of 1 cm from the top soil in

the subirrigation system .

2. Analysis of oxygen diffusion rate of medium

The ODR values measured in non-soil media(peatmoss and perlite) were very
unusual. These values appear to keep increasing up to 50 % water content.
ODR in soil has a tendency of decrease as water content increases. However, in
growing media of peat moss and perlite, ODR was increased as water content
increased. In this case, it was thought that water film surrounding Pt electrode
was not formed thoroughly at the low water content. Water content of growing

medium below 60% will be adequate to plants unsensitive to high moisture.

3. Evaluation of the system with growth of potted plants through the

on-site experiment

Ivy, impatiens, and kalanchoe were cultured in the developed energy-saving
systems with NFW or NSW irrigation system. Number of plants were 1,000 for
each plant. The growth of ivy was not significantly different in shoot length,
fresh and dry weights, however, number of lateral shoots were higher in the
NFW. The growth of impatiens showed almost non-significant in all systems.
Flower bud differentiation occurred 3-week earlier in the lower beds than in the
other upper beds. During the period before short-day treatment, the lower beds
were regularly stored inside from 18:00 to 09:00 without light, whileh the upper
beds were still exposed to the sun by sunset. It was likely to have caused the

similar condition to short-day treatment.
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Table 1. Influence of irrigation system on ivy growth at 10 weeks after
beginning of the experiment

. Fresh No.
Dry weight (g) weight (g) of
Irrigation Shoot No.of
length leaves later
system Sho Root Sh Ro (cm) a al
ot oot ot sho
ot
0.83
NSW " 0105a  213a  067b 262a  43c  17.9¢
NEW 1-(])39 0193a  243a 103 268a  82a  246a
a
NFW_U 118 0.156ab 252  068b 308a  8la  189hc
P ab
IJVFW—LO 1360a  0203a  224a  066b 224a  65abc  22.6ab
NSW UP  0993ab  0.145ab  21l1a  068b 287a  57bc  169¢
\IjVSW—LO 0.783ab  0.145ab  223a  062b 224a  76ab  196bc
Significa NS NS NS sk NS ok o
nce

Z means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* *x+ means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.
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Table 2. Influence of irrigation system on impatiens growth at 3 weeks after

transplanting.

Irrigatio Dry weight (g) Fresh weight (g) Heigh Widt

n t h
Shoot Root Shoot Root

system (cm) (cm)

NSW 0.42a” 0.09a 5.76a 0'(1))73 45a 8.1a

NEW 0.38a 0.03a 4'77a 0.06a 4.3a 7.0a

gFW_U 0.36a 0.02a 492a 0.02b 4]1a 6.9a

NFW_L 0.03a

OW 0.37a 0.01a 4.95a b 5.2a 7.2a

I;S w_u 0.36a 0.01a 4.44a 0'?)33 5.0a 8.0a

NSW_L 0.07a

OW 0.36a 0.02a 5.94a b 49a 8.la

Significa g NS NS NS NS NS

nce

” means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* **+ means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.

- 133 -



Table 3. Influence of irrigation system on impatiens growth at 5 weeks after
transplanting.

Irrigatio Dry weight (g) Fresh weight (g) Heigh Widt
n t h

Shoot Root Shoot Root
system (cm) (cm)
NSW 1.28a” 0.32a 12503 2.3a 11.8 16.9
NEW 1.14a 0.40a 10.1b 3.6a 12.1 16.8
EFW_U 1.48a 0.47a 14.3a 49a 12.8 179
NEFW_L 12.9a
OW 1.40a 0.44a b 3.9a 13.1 181
NSW_U 4y, 0.35a 12.7a 2.1a 133 183
P b
NSW_L
OW 1.57a 0.41la 13.9a 3.6a 14.1 179
Significa

NS NS NS NS NS NS

nce

” means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* **+ means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.

Table 4. Influence of irrigation system on impatiens growth at 10 weeks after

transplanting.
Dry weight Fresh weight . No.
(2) (2) Hei ywiq of NO
Irrigation ght th of
system Sho Roo Shoo Root (c (cm) Vljgr leav
ot t t m) < es
3.83 0.56 53.2¢ 16. 18.3 100.
NSW , 16.8a 49.0
C ab d 8ab d 4a
b
3.83 0.63 15. 19.3 48.6 92.6
NEFW 51.0d 19.0a
c ab 8b cd b a
NFW_U 4.33 0.51 61.7b 153 16. 19.8 585 126.
3a
P bc b cd 9ab bed ab 8a

NFW_L 5.46 0.76 73.7a 19.5a 17. 229 1.2 96.0
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oW ab ab b Tab ab ab a

NSW_U 4.89 0.56 66.6b 189 19. 234 52.0 112.
p be  ab c " a ab b 0a
NSW_L 6.52 0.88 18. 22.2 85.2 126.
85.8a 23.0a

OW a a 8a abc a 6a
Significa

koK NS ok NS NS * NS NS
nce

Z means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* x+% means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.

Table 5. Influence of irrigation system on kalanchoe growth at 3 weeks after
transplanting.

Fresh weight

. Dry weight (g) Heig Wid
Irrigation (g) ht th
system Sho Roo Sho Roo

(cm) (cm)
ot t ot t
0.42 0.09 5.76 0.07
NSW , 45a 8.1a
a a a a
0.38 0.03 477 0.06
NFW 4.3a 7.0a
a a a ab
0.36 0.02 492 0.02
NEFW_UP 4.1a 6.9a
a a a b
NFW_LO 0.37 0.01 495 0.03
5.2a 7.2a
W a a a ab
0.36 0.01 4.44 0.03
NSW_UP 5.0a 8.0a
a a a ab
NSW_LO 0.36 0.02 594 0.07
49a 8.1a
W a a a ab
Significan
NS NS NS NS NS NS
ce

Z means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* **+ means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.
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Table 6. Influence of irrigation system on kalanchoe growth at 6 weeks after

transplanting.
Dry weight Fresh Hei .
Irrigation (g) weight (g) ght W;dt No. of
System Sh RO Sh RO (Cm ( ) laljﬂleral
oot ot oot ot ) cm shoot
NSW 0'26 00 10.5¢ 04 5.1b 9.9¢ 9.3a
c 3b Oa
0.82 0.0 13.2ab 04 6.0a
NFW b 62 . Aa b 10.2¢ 10.0a
NEFW_UP 086 00 14.2ab 04 6.9a 11.8a 10.3a
a ba 4a
NFW_LO 0.82 0.0 0.4 5.2a 10.7a
W b 54 14.4ab 84 b he 10.3a
0.87 0.0 04 6.4a 11.3a
NSW_UP A 3h 15.3a Aa b b 10.0a
NSW_LO 0.68 0.0 0.3 6.0a 10.9a
W . b 12.1bc Aa b be 9.3a
Significan H% ok . NS NS B} NS
ce 3k %k

Z means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* *x% means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.
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Table 7. Influence of irrigation system on kalanchoe growth at 12 weeks after
transplanting.

Dry weight Fresh No

(g) weight (g) )
Hei Wi of No.
Irrigation ght dth of

lat
system Sho Roo Sho Ro (cm (cm era flow
ot t ot ot ) ) 1 ers

sh

oot
1.19 0.06 275 3.3 114 12.4 75 226.
NSW c” b b a b ab b 0a
1.50 0.17 32.8 56 11.7 11.9 11. 279.
NEW c ab b a b b Oa 4a
2.15 0.21 41.1 6.8 13.5 11.8 7.8 235.
NFW_UP b a ab a a b ab Oa
NFW_LO 1.75 0.21 34.3 6.4 12.3 115 95 281.
W bc a b a a b ab Oa
1.77 0.08 37.1 3.7 134 12.3 88 234.
NSW_UP bc ab ab a b b ab 8a
NSW_LO 3.03 0.12 51.0 6.2 13.6 14.9 8.8 245,
A a ab a a a a ab Oa
iimﬁca s NS NS NS s+ NS NS NS

” means separation within columns by Duncan’s multiple range test at P=0.001.

YNS,*,#* **+ means Non significant or significant at P=0.05, 0.01 and 0.001, respectively.
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Development of pot flower poly bench system
for heating and cooling cost saving
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SUMMARY
(FELFE)

Development of pot flower poly bench system for heating and

cooling cost saving

This study was conducted to develop the poly bench system which can minimize the
heating and cooling space in greenhouse and subsequently reduce the heating and cooling
cost in pot plant production. The system was developed to control the heating space
surrounding the double bench with the tunnel. The influence of a double bench heating
system on microclimate was evaluated in greenhouse with pot plant, kalanchoe. Light
transmittance of double bench system and traditional bench was 30%, whereas that of the
lower bench of double bench system was 52.6%. There was no difference in growth
characteristics of kalanchoe between types of bench. Installation of the heating duct
system above the double bench inside the tunnel decreased heating energy by 50 % in
protected culture of kalanchoe compared with traditional system. Amount of heating oil
consumed from March 3 to April 20, 2005 was 10,840 L/10a in the double bench
system as compared to that of conventional bench system. Cooling temperature of

evaporative cooling system below 5~6T to radiator system.
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