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Temperature 

 

Seong Kwang An 

 

Department of Plant Science,  

The Graduate School of Seoul National University  

 

ABSTRACT 

 

Phalaenopsis hybrids are usually grown at ≥ 29°C to inhibit flower induction 

and maintain vegetative growth. However, this practice was consumed a large 

amount of energy, especially during winter season. If immature Phalaenopsis was 

exposed to temperature below 26°C, early flowering which has undesirable quality 

was occur (Lopez et al., 2007). Therefore, alternative strategies are needed to reduce 

energy consumption without early flowering of Phalaenopsis. This study was 

performed to examine the effects of 1) photoperiod and 2) minimum heating 

duration of 29°C on preventing inflorescence initiation in Phalaenopsis hybrids at 

6-month-old or 1-year-old stages. In chapter 1, clones of 6-month-old stage 

Doritaenopsis Queen Beer ‘Mantefon’ were grown under two controlled 

environment chamber maintained at 21 or 26°C. Each chamber had four growth 

modules providing photoperiod of 9/15 h (SD; day/night), 12/12 h (MD), 16/8 h 
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(LD), or SD plus NI (22:00-02:00 HR) with photosynthetic photon flux densities 

(PPFD) 100 ± 10 and 4 ± 1 µmol·m-2·s-1 during the day and NI, respectively. In 

chapter 2, clones of Doritaenopsis Queen Beer ‘Mantefon’ and Phalaenopsis 

Norman’s Jade ‘Green Apple’ at 6-month-old or 1-year-old stages were grown in 

separate growth chambers with four daily durations of temperature at 29°C for 6, 

12, 18, or 24 h. The photoperiod was a constant 16 h consisting of 12 h PPFD 120 

± 10 µmol·m-2·s-1 (06:00-18:00 HR) with 4 h PPFD 25 ± 10 µmol·m-2·s-1 (18:00-

22:00 HR). In chapter 1, all photoperiod treatments at 26°C completely prevented 

inflorescence initiation, whereas 70.8, 58.3, 50.0, and 20.8% of the plants induced 

inflorescence when they were grown under SD, MD, NI, and LD at 21°C, 

respectively, after 21 weeks of treatment. The number of new leaves increased 

when the plants were grown at 26°C than at 21°C. However, the number of new 

leaves increased similar to at 26°C until 17 weeks when the plants were grown 

under LD at 21°C. In chapter 2, leaf span on both stages of Phalaenopsis ‘Green 

Apple’ grown at 29°C for 12 and 18 h increased more than that of the plants grown 

at 29°C for 6 and 24 h. Leaf span on 6-month-old stage Doritaenopsis ‘Mantefon’ 

increased with increasing duration of 29°C from 6 to 24 h, whereas that of 1-year-

old stage plant was the longest when the plants were grown at 29°C for 18 h during 

22 weeks of the treatment. Inflorescence initiation was inhibited in 6-month-old 

Phalaenopsis ‘Green Apple’ when the plants were exposed to 29°C for 6 h or longer. 

6-month-old or 1-year-old stages Doritaenopsis ‘Mantefon’ and 1-year-old stage 

Phalaenopsis ‘Green Apple’ required exposure to 29°C for 12 h or longer to inhibit 

inflorescence initiation. These studies indicated that LD or exposure to at least 6 to 

12 h at 29 °C can prevent early flowering in immature Phalaenopsis hybrids.  
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GENERAL INTRODUCTION 

 

Phalaenopsis has become the most popular potted orchid partly because of their 

ease of scheduling to meet specific market dates, high wholesale value, and long 

post-harvest life (Wang and Lee, 1994). Commercial Phalaenopsis hybrids 

production can be divided into two groups by production stages: a vegetative stage 

and a reproductive stage. Flowering in Phalaenopsis induced when they were 

exposed to temperature below 26°C after sufficiently maturation (Lopez et al., 2007; 

Newton and Runkle, 2009). 

Temperature is a primary factor for flower induction in Phalaenopsis hybrids 

(Blanchard and Runkle, 2006). Flowering of Phalaenopsis hybrids has been 

initiated through diurnal temperature fluctuations (e.g. 25/20°C or 20/15°C) (Lee 

and Lin, 1984). A cool night temperature (e.g. 17 or 23°C) could be used without 

inducing flowering in two Phalaenopsis hybrids when the day temperature was 

above 29°C (Blanchard and Runkle, 2006; Wang, 2007). Flowering of some 

Phalaenopsis hybrids has been completely inhibited at 29°C for 12 h (Newton and 

Runkle, 2009). Blanchard and Runkle (2006) suggested that a transition from 

vegetative stage to reproductive stage does not necessarily require day/night 

fluctuation in some Phalaenopsis hybrids. However, flowering inhibition after 

exposure to diurnal fluctuations of temperature appeared to be largely hybrid 

dependent (Pollet et al., 2011). 

Some orchids have either a qualitative or quantitative flowering response to 

photoperiod. Long-day (LD) photoperiod at 13°C inhibited flowering and hastened 

vegetative growth at 18°C with any daylength in some Cattleya species (Rotor, 
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1952). Short-day (SD) advanced an inflorescence initiation and a date of flowering 

in Phalaenopsis hybrids regardless of temperature (Griesbach, 1985; Rotor, 1952; 

Went, 1957; Yoneda et al., 1991). However, Ichihashi (1997) and Sakanishi et al. 

(1980) suggested that photoperiod was only a factor when the plants were grown at 

the critical temperature for inflorescence initiation in Phalaenopsis. 

Due to the high temperature requirements, greenhouse heating is one of the main 

expenses for commercial production of Phalaenopsis hybrids in northern latitudes 

in winter (Pollet et al., 2011; Paradiso et al., 2012). Vigorous vegetative growth 

producing numerous new shoots or leaves is desirable to produce high quality 

orchids (Hew and Yong, 2004). However, early flowering (defined as pool quality 

flowering before commercially desirable) of immature Phalaenopsis hybrids 

occurred by temperature below 26°C, especially the day (Lopez et al., 2007). 

Therefore, alternative strategies are needed to reduce energy consumption without 

early flowering of Phalaenopsis hybrids in winter. The objective of this study was 

to determine the effect of 1) photoperiod on vegetative growth and flower 

development in immature Phalaenopsis hybrid at relative low temperatures and 2) 

the optimal duration of high temperatures on the growth and development in 

immature Phalaenopsis hybrids. 
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LITERATURE REVIEW 

 

Characteristics of Phalaenopsis  

Distribution. Phalaenopsis is epiphytic or lithophytic orchid and a genus of 

approximately 40 species (Baker and Baker, 1991). Most Phalaenopsis species are 

found throughout tropical Asia and the larger islands of the Pacific Ocean (Baker 

and Baker, 1991; Christenson, 2001; Noble, 1971). Phalaenopsis species reach their 

westernmost limit in Sri Lanka and South India and their easternmost limit in Papua 

New Guinea and adjacent Australia. In addition, they occur in southern China, 

Taiwan, and the Philippines in the northenmost limit (Christenson, 2001).  

Morphology. Phalaenopsis has at least two buds in the axil of every leaf: one is 

reproductive and will elongate under appropriate environmental conditions to form 

an inflorescence, and the other is a vegetative bud that only grows if the main 

meristem of the shoot abort or is damaged (Rotor, 1959). The inflorescence also has 

nodes covered by bracts along the pedicel. If the raceme is damaged or removed, 

the buds at these nodes can elongate and develop flowers (Christenson, 2001). 

Carbon Fixation. Phalaenopsis performs Crassulacean acid metabolism (CAM) 

to fix CO2 (Guo, 1999; Hew and Yong, 2004). In CAM plants, CO2 is fixed at night 

and stored as malate in the vacuole. During the day, the malate is decarboxylated in 

the chloroplast and the CO2 released is refixed by the C3 cycle (Taiz and Zeiger, 

2002). Phalaenopsis grown under 12/12 h photoperiod, maximum CO2 fixation 

occurs 3-4 h after the start of darkness (Guo and Lee, 2006). The optimal 

temperature for CO2 uptake at night in Phalaenopsis was 18-22°C (Guo and Lee, 

2006; Ichihashi et al., 2008; Lootens and Heursel, 1998; Ota et al., 1991).  
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Flowering Responses to Temperature 

Temperature is particularly important in the regulation of flowering of orchids 

(Newton, 2008). Many orchids such as Dendrobium (Rotor, 1952), Miltoniopsis 

(Lopez and Runkle, 2006), Phalaenopsis (Blanchard and Runkle, 2006; Sakanishi 

et al., 1980), and Zygopetalum (Lopez et al., 2003) required exposure to a period of 

cool temperature to induce consistent flowering. For example, Dendrobium nobile 

seedlings grown at 18°C remained vegetative, whereas those grown at 13°C 

flowered regardless of the photoperiod (Rotor, 1952). More than 75% of 

Miltoniopsis Augres ‘Trinity’ flowered when the plants were received 8 weeks of 

SD followed by an 8 weeks exposure to 11 or 14°C. Less than 40% of plants 

flowered and some flower buds aborted when the plants were exposed to 17°C or 

higher (Lopez and Runkle, 2006). Similarly, Zygopetalum Redvale ‘Fire Kiss’ 

plants had the highest flowering percentages when grown under a 9 h daylength 

followed by 8 weeks of cooling at 11 or 14°C (Lopez et al., 2003). Most 

Phalaenopsis species are tropical and subtropical plants that require above 28°C for 

vegetative growth and exposure to below 26°C for inflorescence initiation (Krizek 

and Lawson, 1974; Sakanishi et al., 1980; Wang, 2007). Visible inflorescences of 

Phalaenopsis species are developed after 3 to 7 weeks of growing at below 26°C 

(Lee and Lin, 1987; Tran Thanh Van, 1974; De Vries, 1950). 

The duration of temperature is an important factor for flower induction in 

Phalaenopsis. Flowering percentage of Phalaenopsis amabilis reduced when the 

plant were grown at temperature above 28°C for 12 h or longer duration (Sakanishi 

et al., 1980). Blanchard and Runkle (2006) suggested that the day temperature 
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above 29°C for 12 h or longer could inhibit flowering induction in Phalaenopsis 

Brother Goldsmith ‘720’ and Phalaenopsis Miva Smartissimo × Canberra ‘450’ 

when the plants were grown at a cool night temperature at 17 or 23°C. Wang (2007) 

proved that 12 h at 30°C was suitable for flowering inhibition of Doritaenopsis 

pulcherrima Lindley hybrid. 

The maturity of Phalaenopsis can contribute some variation to temperature 

induced flowering (Newton, 2008). Ichihashi (1997) and Wang and Lee (1994) 

suggested that young Phalaenopsis require a longer exposure or cooler temperature 

than older plants to induce flowering. When Phalaenopsis were grown at 20°C for 

25 days, inflorescences occurred from 13% of the 3-year-old plants compared to 

90% of the 6-year-old plants (Yoneda et al., 1992).  

 

Flowering Responses to Photoperiod 

The effect of photoperiod on flowering of orchids appears to be very diverse 

among orchid species (Newton, 2008). While Dendrobium (Sheehan et al., 1965) 

and Vanda (Murashige et al., 1967) species are unresponsive to photoperiod, some 

economically important genera have been reported to be photoperiodic. For 

example, LD at 13°C inhibited flowering and hastened vegetative growth at 18°C 

regardless of daylength in some Cattleya species (Rotor, 1952). These plants are 

generally flowered in natural daylength or continuous SD photoperiod at 13°C 

compare with LD photoperiod (Rotor, 1952). A few researchers have claimed that 

Phalaenopsis hybrids are known as a SD plants (Newton, 2008). An 8/16 h 

photoperiod advanced the emergence of flower stalks by 5 to 7 days in juvenile and 

adult Phalaenopsis held at 23°C as compared to those held under natural daylength 
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(Yoneda et al., 1991). The SD advanced an inflorescence initiation and a date of 

flowering in Phalaenopsis hybrids regardless of temperature (Griesbach, 1985; 

Rotor, 1952; Went, 1957). However, Ichihashi (1997) and Sakanishi et al. (1980) 

suggested that the effect of photoperiod was the secondary to the effects of 

temperature and only a factor when the plants were grown at the critical temperature 

for inflorescence initiation.  
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CHAPTER I 

 

Inhibition of Early Inflorescence Initiation in Immature 

Doritaenopsis Queen Beer ‘Mantefon’ by Photoperiod and 

Temperature 

 

ABSTRACT  

Inflorescences of Doritaenopsis are commonly induced when the plants are 

exposed to temperature below 26°C. They need to maintain temperature above 

28°C for maintaining vegetative growth stage and inhibiting inflorescence initiation. 

So, we investigated the effects of photoperiod on inflorescence initiation in 

immature Doritaenopsis at floral inductive temperatures in order to determine an 

alternative method to prevent inflorescence initiation and to reduce heating 

expenses. Six-month-old Doritaenopsis Queen Beer ‘Mantefon’ was grown under 

9/15 h (SD), 12/12 h (MD), 16/8 h (LD), or SD with night interruption (NI: 22:00-

02:00 HR) at 21 or 26°C in module boxes inside a growth chamber. The maximum 

irradiance was 100 ± 10 and 4 ± 1 µmol·m-2·s-1 during the day and NI, respectively. 

Inflorescence of the plants was completely inhibited when the plants were grown at 

26°C, whereas the plants grown at 21°C could not inhibit inflorescence initiation. 

However, percent visible inflorescence was reduced greatly in LD when the plants 

grown at 21°C. NI also reduced visible inflorescence. The LD delayed days to 

visible inflorescence, followed by MD, NI, and SD when the plants were grown at 
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21°C. The number of new leaves and leaf span were increased in the plants grown 

at 26°C more than those grown at 21°C. The plants grown under LD at 21°C had a 

similar number of new leaves compared to plants grown at 26°C until 17 weeks of 

treatment. These results indicated that LD or NI could be an alternative method to 

high temperature above 26°C for inhibiting inflorescence initiation in immature 

Doritaenopsis ‘Mantefon’ and could thus save heating costs.  

Keywords: energy saving, orchid, vegetative growth  
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INTRODUCTION 

Orchids are distributed in all regions of the world except Antarctica and are 

found growing in many different habitats and elevation gradients (Pridgeon, 2000). 

Despite the diversity of orchids in nature, only a small numbers of genera including 

Phalaenopsis, Cymbidium, Dendrobium, and Oncidium are cultivated in large 

quantities as commercial ornamental crops. In particular, Phalaenopsis hybrids that 

include Doritaenopsis species have become the most popular potted orchids 

because of their easy scheduling to meet specific market dates, high wholesale value, 

and long post-harvest life (Wang and Lee, 1994). 

Temperature is a primary factor for flower induction in Phalaenopsis (Blanchard 

and Runkle, 2006). Flowering of Phalaenopsis was initiated when the plants were 

exposed to temperatures below 26°C or a diurnal temperature fluctuation such as 

25/20 or 20/15°C (Lin and Lee, 1984; Lopez et al., 2007). In commercial 

Phalaenopsis cultivation, most growers have maintained greenhouse temperature 

above 28°C for all day to promote vegetative growth and prevent early flowering 

which has an undesirable quality (Lopez et al., 2007). Thus, it is very important to 

maintain temperatures above 28°C in greenhouse for vegetative growth of the plants 

(Blanchard and Runkle, 2006; Chen et al., 1994; Sakanish et al., 1980; Yoneda et 

al., 1991). Since these all day high temperature requirements are essential for 

preventing early flowering, however, greenhouse heating can be one of the main 

expenses for commercial Phalaenopsis production, especially in northern region 

during the winter season (Paradiso et al., 2012; Pollet et al., 2011). 

The photoperiodic response of Phalaenopsis is different according to cultivars 
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(Blanchard and Runkle, 2006). Short-days (SD) advanced inflorescence initiation 

and date of flowering in Phalaenopsis regardless of temperature or cultivars 

(Griesbach, 1985; Rotor, 1952; Went, 1957; Yoneda et al., 1991). However, 

Ichihashi (1997) and Sakanishi et al. (1980) reported that Phalaenopsis is non-

photoperiodic plants when they were grown at the critical temperature for 

inflorescence initiation.  

Many commercially important orchids flower within 3 years after germination 

(Hew and Yong, 1997). However, sometimes Phalaenopsis that grew less than 1 

year after transplanting from flask induced inflorescences when exposed to 

temperature below 26°C, even though the plants still remain immature stage. No 

report has been published on the effects of photoperiod and temperature on 

inflorescence initiation in immature stage Phalaenopsis. Therefore, the objective of 

this study was to determine the effect of photoperiod and temperature on vegetative 

growth and inflorescence initiation in immature stage Doritaenopsis Queen Beer 

‘Mantefon’ under relatively low temperature in order to develop more energy-

efficient production strategy which is an alternative method of maintaining all day 

temperature above 28°C during winter season. 

  



 

15 

 

MATERIALS AND METHODS 

 

Plant and Growth Conditions 

Clones of 6-month-old Doritaenopsis Queen Beer ‘Mantefon’ that were tissue 

culture propagated were purchased from East Sky Orchid Nursery (Dongducheon, 

Gyeonggi, Korea) and transported to Seoul National University (Gwanak, Seoul, 

Korea). The plants were transplanted into 12 cm pots filled with 100% sphagnum 

moss (Chilean dried sphagnum moss, Lonquen Ltda., Puerto Montt, Chile). The 

plants were irrigated every week by subirrigation with a water-soluble fertilizer (EC 

1.0 mS·cm-1; Hyponex professional 20N-20P-20K, Hyponex Japan Corp., LTD., 

Osaka, Osaka, Japan). The average plant leaf span and number of total leaves were 

15.1 cm and 3.7, respectively, at the beginning of the experiment. The leaf span was 

measured by extending the longest leaves on each plant.  

 

Photoperiod and Temperature Treatment 

Doritaenopsis Queen Beer ‘Mantefon’ clones of uniform size were moved to 

controlled growth chambers (DS-14MCLP; Dasol Scientific Co., Ltd., Hwaseong, 

Gyeonggi, Korea) maintained at 21 or 26°C. Each chamber had four growth 

modules providing a photoperiod of 9/15 h (SD: 08:00-17:00 HR), 12/12 h (MD: 

08:00-20:00 HR), 16/8 h (LD: 08:00-24:00 HR), or SD with night interruption (NI: 

22:00-02:00 HR). A photosynthetic photon flux density (PPFD) of 100 ± 10 

µmol·m-2·s-1 was provided during the day and day-extension by fluorescent lamps 

(FPL 36EX-D, Osram Korea Co., Ltd., Ansan, Gyeonggi, Korea), whereas PPFD 

of 4 ± 1 µmol·m-2·s-1 was provided by fluorescent lamps (EB-3A, Dongsunglux, 
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Seoul, Korea) during the NI (Fig. I-1). The PPFD was measured using a LI-1400 

data logger with a LI-190 quantum sensor (Li-Cor Inc., Lincoln, NE, USA) at the 

plant canopy. Twenty plants with 3-4 fully expanded leaves were moved to the each 

module with 21 or 26°C chambers and grown for 21 weeks. The plants were 

positioned randomly every other day during the experimental period to maintain 

uniform light conditions. Relative humidity in growth chamber was 50 ± 10 % 

during the experimental period. 

 

Data Collection and Analysis  

Days to visible inflorescence (VI: when the inflorescence was 0.5 cm in length), 

number of new leaves (0.5 cm long or greater), number of total leaves, leaf span, 

and leaf chlorophyll content were measured in each plant twice per month for 21 

weeks. The leaf chlorophyll content was measured at the uppermost matured leaf 

by using a chlorophyll meter (SPAD 502, Konica Minolta Sensing, Inc., Sakai, 

Osaka, Japan). Eight plants per treatment were randomly collected, the media was 

rinsed off, and the dry weight of shoots and roots were measured after drying at 

80°C for 10 days after 21 weeks of treatment.  

The experimental design was a completely randomized block with twenty 

replications. One plant represented an experimental unit. Statistical analysis was 

performed using SAS system for Windows version 9.3 (SAS Institute, Inc., Cary, 

NC, USA). Differences among the treatment means were assessed by Tukey’s 

honestly significant difference test at P < 0.05. Regression and graph module 

analyses were performed using Sigma Plot version 10.0 (Systat Software Inc., 

Chicago, IL, USA). 
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Fig. I-1. Schematic diagram of growth modules in growth chambers used in this 

study. Two growth chambers were maintained at 21 or 26°C, respectively, and 

each chamber had four growth modules providing 9/15 h (SD; day/night), 12/12 

h (MD), 16/8 h (LD), and SD plus night-interruption (NI) photoperiod with 

PPFD 100 ± 10 or 4 ± 1 µmol·m-2·s-1 during the day and day-extension or NI, 

respectively. 
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RESULTS and DISCUSSION 

 

Effects of Photoperiod and Temperature on Vegetative Growth 

Overall, the number of total leaves, leaf span, chlorophyll content, shoots dry 

weight, and T/R ratio of the plants grown at 26°C were higher than those grown at 

21°C (Table I-1). Particularly, leaf span, chlorophyll content, and T/R ratio were 

significantly (P < 0.001) increased more in the plants grown at 26°C compared to 

those grown at 21°C (Table I-1). Leaf growth of the plants grown at high 

temperatures of 30/25°C (day/night) was increased or hastened compared to those 

grown at low temperatures of 25/20 and 20/15°C (Lin and Lee, 1984). Wang (2007) 

also reported that relatively high temperatures can promote the leaf growth more 

than relatively low temperatures.  

In this study, significant differences (P < 0.001) were observed in leaf span with 

photoperiod and temperature interaction (Table I-1). For any given photoperiods, 

leaf span of the plants grown at 21°C had no difference among all treatments. 

However, leaf span was decreased with gradually increasing photoperiod from SD 

to LD at 26°C (Table I-1). Runkle et al. (2007) suggested that younger plants grown 

under high irradiance generally have shorter but thicker leaves. Although all the 

plants used in this study were exposed to the same light intensity during the day, 

differences of leaf span were observed among all photoperiod treatments at 26°C. 

Perhaps, these results were partially affected by relative humidity, because relative 

humidity under LD in module box condition was reduced faster than the other 

conditions (data not shown). 

The number of new leaves in the plants grown at 26°C also increased more 
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Table I-1. Effects of photoperiods and temperature on the number of total leaves, leaf span, chlorophyll content, dry 

weight of shoots and roots, and shoots to roots ratio (T/R) in 6-month-old Doritaenopsis Queen Beer ‘Mantefon’ after 

21 weeks of treatment. Plants were grown under 9/15 h (SD), 12/12 h (MD), 16/8 h (LD), and SD with night 

interruption (NI) photoperiods at 21 or 26°C.  

Temperature  Photoperiodz 
No. of 

 total leaves 
Leaf span 

(cm) 
Chlorophyll 

content (SPAD) 
Dry weight (g) 

T/R ratio 
Shoot Root 

21°C SD  4.2 aby 15.9 c 73.0 bb 1.39 a 1.25 ab  1.11 bcc 

  MD 4.7 aa 16.2 c 74.6 ab 1.48 a 1.38 aa  1.08 ccc 

  LD 4.1 ab 15.0 c 74.7 ab 1.44 a 1.12 ab  1.34 abc 

  NI 4.5 ab 15.3 c 72.4 bb 1.25 a 1.14 ab  1.12 bcc 

26°C SD 4.6 ab 21.4 a 78.0 aa 1.81 a 1.00 bb  1.87 aaa 

  MD 4.2 ab 18.4 b 76.9 ab 1.70 a 1.04 ab  1.63 abb 

  LD 3.8 bb 15.5 c 76.6 ab 1.25 a 0.91 bb  1.44 abc 

  NI 4.6 ab 19.5 b 76.4 ab 1.73 a 1.18 ab  1.47 abc 

Significance               

Temperature    NSx *** *** * * *** 

  Photoperiod   * *** NS NS NS NS 

  Temperature × Photoperiod NS *** NS NS NS NS 

z100 ± 10 µmol·m-2·s-1 was provided during the SD (08:00-17:00 HR), MD (08:00-20:00 HR), and LD (08:00-24:00 

HR), whereas 4 ± 1 µmol·m-2·s-1 was provided during the NI (22:00-02:00 HR). 
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yMean separation within columns by Tukey’s honestly significant difference test at P < 0.05. 

xNS,*, **, *** Non-significant or significant at P < 0.05, 0.01, or 0.001, respectively. 



 

21 

 

than those grown at 21°C after 21 weeks of treatment (Fig. I-2). When the plants 

were grown at 21°C, the number of new leaves was higher in LD and MD, followed 

by NI and SD after 21 weeks of treatment (Fig. I-2). Moreover, LD at 21°C had the 

greatest the number of new leaves compared to other photoperiod treatments at 

21°C until 17 weeks of treatment. These result indicated that LD could help the 

plants maintain vegetative growth stage, even though they were exposed to 21°C 

low enough to induce inflorescence. 

 

Effects of Photoperiod and Temperature on Inflorescence Initiation 

Inflorescence initiation in the plants grown at 26°C was completely inhibited 

during 21 weeks of treatment regardless of photoperiod treatments. According to 

Krizek and Lawson (1974) and Sakanishi et al. (1980), inflorescence initiation of 

Phalaenopsis was inhibited when plants were grown at temperatures above 26°C. 

Runkle et al. (2007) also suggested that Phalaenopsis are induced to flower when 

exposed to temperature lower than 26°C, similarly to our results with Doritaenopsis. 

Inflorescence of 70.8, 58.3, 20.8, and 50.0% was initiated when plants were 

grown under SD, MD, LD, and NI at 21°C, respectively, after 21 weeks of treatment 

(Fig. I-3). When the plants were grown at 21°C, percent VI was inhibited greatly in 

LD, followed by MD, NI, and SD. The VI of the plants emerged within 105 days 

when grown under SD at 21°C. However, the number of days to VI was delayed by 

38, 17, and 14 days when the plants were grown under LD, MD, and NI at 21°C, 

respectively (Fig. I-3 and I-4). Increasing photoperiod and daily light integral (DLI) 

reduced percent VI and delayed the number of days to VI, except for NI. 
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Fig. I-2. Effects of photoperiods and temperatures on the number of new leaves in 

6-month-old Doritaenopsis ‘Mantefon’ during the 21 weeks of treatment. The 

plants were grown under 9/15 h (SD), 12/12 h (MD), 16/8 h (LD), and SD with 

night interruption (NI) photoperiods at 21°C (open symbols) or 26°C (closed 

symbols). Vertical bars represent the standard errors of means (n=20). 
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Fig. I-3. Effects of photoperiods on percent visible inflorescences (bars) and the 

number of days to visible inflorescence (closed circle) in 6-month-old 

Doritaenopsis ‘Mantefon’ after 21 weeks of treatment. Plants were grown under 

9/15 h (SD), 12/12 h (MD), 16/8 h (LD), and SD with night interruption (NI) 

photoperiods at 21°C. Percent visible inflorescence (uppercase letters) and the 

number of days to visible inflorescence (lowercase letters) are significantly 

different with Tukey’s honestly significant difference test at P < 0.05. Vertical 

bars represent the standard errors of means (n=20).  
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Fig. I-4. Effects of photoperiods and temperatures on visible inflorescence in 6-

month-old Doritaenopsis ‘Mantefon’. The plants were grown under 9/15 h (SD), 

12/12 h (MD), 16/8 h (LD), and SD with night interruption (NI) photoperiods at 

21°C (A) or 26°C (B) for 21 weeks. Arrows indicate inflorescences. 
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Photoperiodic plants can be classified as an obligate type and a facultative type 

(Tomas and Vince-Prue, 1997). For example, obligate SD plants can flower only 

under SD, whereas facultative SD plants flower under any given photoperiod but 

flowering is gradually accelerated with decreasing photoperiod from LD or NI to 

SD (Erwin and Warner, 2002; Mattson and Erwin, 2005). In this study, 

inflorescences of immature Doritaenopsis ‘Mantefon’ were induced when the 

plants were grown under all photoperiod at 21°C, but days to VI was gradually 

reduced with decreasing photoperiod from LD to SD. Therefore, it was possible 

that Doritaenopsis ‘Mantefon’ is facultative SD plants at floral inductive 

temperature for inflorescence initiation. In case of NI, percent VI was more 

inhibited than SD, although the plants were given similar DLI at 21°C. Moreover, 

the number of days to VI was similar in the plants grown under MD at 21°C, even 

though they were given different photoperiod. Oh et al. (2009) reported that effect 

of photoperiod on flowering time occurred under the same DLI at 2.9 mol·m-2·d-1, 

when flowering was earlier under the LD compared with SD in Cyclamen persicum. 

These results implicated that not only photoperiod but also DLI could affect 

inflorescence initiation simultaneously, when the plants grown at 21°C.  

In Korea, potted flowering Doritaenopsis ‘Mantefon’ with 2 inflorescences are 

usually sold at a price 2 to 3 times more than the price of the plants with only 1 

inflorescence. Thus, preventing early flowering and maximizing plant mass are 

desirable in immature Phalaenopsis, because selling price of the plants is very much 

dependent on plant quality. In this study, constant 26°C could maintain the 

vegetative growth and inhibit early flowering of immature (6-month-old) 

Doritaenopsis ‘Mantefon’. In addition, LD prevented inflorescence initiation when 
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the plants were exposed to flowering inductive temperature as 21°C. Therefore, LD 

could be an effective strategy for preventing early flowering and producing high 

quality Phalaenopsis at below 26°C in order to reduce heating energy expense. 

Moreover, NI and MD also partially inhibited inflorescence initiation in this study. 

Considering energy efficiency, NI is useful technique to control growth and 

flowering in many floriculture crops including Cymbidium (Kim et al., 2011), 

Primula (Karlsson, 2002), Cyclamen (Kang et al., 2008), Pansy and Hibiscus 

(Runkle and Heins, 2003). Effective light intensities during NI were different 

depending on species (Blanchard and Runkle, 2009). In this study, we applied only 

low light intensity PPFD of 4 ± 1 µmol·m-2·s-1. Therefore, more detailed research 

is needed to determine more effective way to use LD or NI to completely inhibit 

flowering in Phalaenopsis hybrids.  
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CHAPTER II 

 

Optimum Heating Hour to Maintain Vegetative Growth and 

Inhibit Early Inflorescence Initiation of Six-month and One-year-

old Phalaenopsis Hybrids  

 

ABSTRACT 

This experiment examined the effects of heating hour at 29°C to maintain 

vegetative growth and to inhibit early inflorescence initiation in two stages, 

immature (6-month-old) and mature (1-year-old), Phalaenopsis hybrids in order to 

save heating expenses. Plants of Phalaenopsis Norman’s Jade ‘Green Apple’ and 

Doritaenopsis Queen Beer ‘Mantefon’ at 6-month-old and 1-year-old were grown 

in separate growth chambers with heating at 29°C for 6, 12, 18, and 24 h. The 

photoperiod was 16/8 h (day/night) consisting of 12 h PPFD at 120 ± 10 µmol·m-

2·s-1 (06:00-18:00 HR) with 4 h PPFD at 25 ± 10 µmol·m-2·s-1 (18:00-22:00 HR) as 

a photoperiod-extension. Inflorescence initiation was inhibited in 6-month-old 

‘Green Apple’ regardless of the heating hour treatments. However, inflorescence 

initiation of ‘Mantefon’ at both stages and ‘Green Apple’ at 1-year-old was 

inhibited only when the plants were exposed at least for 12 hours at 29°C. Overall, 

the inflorescence initiation of the plants was inhibited or delayed more in 6-month-

old plants than 1-year-old plants. Leaf span of the plants was similar among 12, 18, 

and 24 h-29°C treatments, except for 6 h-29°C treatment. In conclusion, it is 
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recommended that high temperature heating at 29°C for at least 6 to 12 h during the 

day could maintain vegetative growth and prevent early inflorescence initiation 

completely, even though nigh temperature decreased to 20°C in Phalaenopsis 

hybrids at immature stage. These approaches could be used to save heating cost 

during the winter season cultivation. 

Keywords: energy saving, orchid, vegetative growth  
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INTRODUCTION 

 

Flowering orchids have become one of the most popular and trendy potted plants 

in the world (Runkle et al., 2007), particularly the hybrid Phalaenopsis. 

Phalaenopsis is an epiphytic orchids originating from tropical and subtropical areas 

of the South Pacific Islands and Asia (Pridgeon, 2000), exhibiting crassulacean acid 

metabolism (CAM) to fix CO2 during the skotoperiod of the day (Guo and Lee, 

2006; Kim et al., 2000; Ota et al., 1991). In commercial Phalaenopsis production, 

cultivation period can be divided into two phases: a vegetative growth phase 

(approximately 55 to 70 weeks after transplanting from flasks) and a floral 

inductive phase. During the floral inductive phase, plants can be induced to flower 

when they become sufficiently matured (Lopez et al., 2007; Newton and Runkle, 

2009).   

To produce high quality orchids, vigorous vegetative growth producing 

numerous new shoots and leaves is essential (Hew and Yong, 2004) and that could 

be obtained by exposure to over 28°C in most Phalaenopsis hybrids. However, if 

immature plants were exposed to temperature below 26°C, early flowering which 

has an undesirable quality will occur (Lopez et al., 2007). Because of these high 

temperature requirements, greenhouse heating cost is one of the main expenses for 

commercial Phalaenopsis production, especially in northern latitudes during the 

winter season (Paradiso et al., 2012; Pollet et al., 2011).  

Temperature is a primary environmental factor affecting growth and 

development in Phalaenopsis (Paradiso et al., 2012). Especially the day 

temperature, not during the night, primarily controls inflorescence initiation 
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(Blanchard and Runkle, 2006). In addition, a transition from the vegetative stage to 

the reproductive stage does not necessarily require day/night temperature 

fluctuation in Phalaenopsis hybrids (Blanchard and Runkle, 2006). Recently, 

Newton and Runkle (2009) reported that high temperature heating of 8 h at 29°C 

during the day inhibited inflorescence initiation in Phalaenopsis ‘Mosella’ and 

‘Explosion’, but some of hybrids required more exposure time. Pollet et al. (2011) 

suggested that inhibition of flowering after exposure to floral inductive 

temperatures appeared to be largely hybrid dependent. Although many previous 

studies discussed about effects of temperature on flowering in mature Phalaenopsis, 

only few reports have been published on the effects of temperature on growth and 

flowering in immature stages of Phalaenopsis. Therefore, more studies are required 

to better understand temperature responses in Phalaenopsis hybrids according to 

growth stages. 

The objective of this study was to determine the optimum hour of high 

temperature to maintain vegetative growth and inhibit early inflorescence initiation 

in Phalaenopsis hybrids in order to develop alternative heating strategies to reduce 

energy consumption during the winter season cultivation. 
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MATERIALS AND METHODS 

 

Plant and Growth Conditions 

Clones of tissue culture propagated Phalaenopsis Norman’s Jade ‘Green Apple’ 

(King Car Biotechnol. Ind., Co., Ltd., Yilan, Taiwan) and Doritaenopsis Queen 

Beer ‘Mantefon’ (East Sky Biotech, Dongducheon, Gyeonggi, Korea) at 6-month-

old plants with 3-4 fully developed leaves and 1-year-old plants with 4-5 fully 

developed leaves in 7 cm pots filled with 100% sphagnum moss (Chilean dried 

sphagnum moss, Lonquen Ltda., Puerto Montt, Chile) were transported to Seoul 

National University (Gwanak, Seoul, Korea) on 4 Aug. 2011 and 6 Aug. 2011, 

respectively. One-year-old plants were transplanted to 12 cm pots filled with 100% 

sphagnum moss. Ten plants of each stage and hybrid were placed in each of four 

growth chambers (HB-301MP, Hanbaek Scientific Co., Bucheon, Gyeonggi, Korea) 

with a temperature set point at 29°C for 24 h before the experiment began. A 16 h 

photoperiod was provided by 12 h at 120 ± 10 µmol·m-2·s-1 (06:00-18:00 HR) at 

the plants canopy with high pressure metal halide lamps (MH250W, Hanyoung 

Electric Co., Gwangju, Gyeonggi, Korea), followed by 4 h photoperiod-extension 

at 25 ± 5 µmol·m-2·s-1 (18:00-22:00 HR) by three-wave cool white fluorescent 

lamps (EFTR20EX-D, Hangzhou Li-Tech Electric Co. Ltd., Hangzhou, China). 

Relative humidity in growth chamber was 70% during the experimental period. 

The plants were fertigated once every three days by hand drip irrigation with 

water soluble fertilizer (EC 1.0 mS·cm-1; Hyponex professional 20N-20P-20K, 

Hyponex Japan Corp., Ltd., Osaka, Japan). The mean leaf span of 6-month-old and 

1-year-old plants was 14.4 and 20.7 cm in ‘Green Apple’ and 17.4 and 25.6 cm 
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in ‘Mantefon’, respectively, at the outset of treatment.  

 

Heating Hour Treatment 

Temperature treatment at 29°C for different hours 6, 12, 18, or 24 h was applied 

to the plants. A temperature at 20°C was maintained during the non-heating periods 

(Fig. II-1). The duration of 29°C was applied in the middle of the 16 h photoperiod 

(06:00-22:00 HR). The temperature treatment started on 1 Sep. 2011 and was 

applied for 22 weeks. 

 

Data Collection and Analysis 

Days to visible inflorescence (VI: when the inflorescence was 0.5 cm in length), 

number of new leaves (0.5 cm long or greater), number of total leaves, leaf span, 

chlorophyll content, and the leaf length and width or length to width (L:W) ratio of 

the uppermost mature leaf were measured monthly for each plant. Chlorophyll 

content was measured using a chlorophyll meter (SPAD 502, Konica Minolta 

Sensing, Inc., Sakai, Osaka, Japan) with selected uppermost matured leaves when 

the treatments began. All plants were placed inside the four growth chambers in a 

completely randomized block design, with 10 replicates for each treatment. 

Statistical analyses were performed using the SAS system for Windows version 9.3 

(SAS Institute, Inc., Cary, NC, USA). Differences among the treatment means were 

assessed by Tukey’s honestly significant difference test at P < 0.05. Regression and 

graph module analyses were performed using Sigma Plot software version 10.0 

(Systat Software, Inc., Chicago, IL, USA). 
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Fig. II-1. Schematic diagram of growth chambers temperature settings used in this study. Four growth chambers were 

maintained with a 16/8 h (day/night) photoperiod, and each chamber maintained at 29°C for 6, 12, 18, and 24 h, 

respectively. 
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RESULTS 

 

Effects of Heating Hour Treatments on Vegetative Growth  

Phalaenopsis ‘Green Apple’. The number of new leaves, leaf span, chlorophyll 

content, and leaf length and width or L:W ratio of leaf were significantly increased 

in 1-year-old plants compared to 6-month-old plants (Table II-1). The plants grown 

under 12 h-29°C developed new leaves more than those grown under 6, 18, and 24 

h-29°C at both stage, but there were no significant differences among all heating 

treatments (Table II-1). The longest leaf span and leaf length were observed when 

the plants grown under 12 and 18 h-29°C at 6-month-old and 1-year-old stages, 

respectively (Table II-1). However, the length and width of leaf in the plants grown 

under 24 h-29°C were smaller than the plants grown under 12 and 18 h-29°C. The 

L:W ratio of 6-month-old plants was increased significantly with increasing heating 

hour, but L:W ratio of 1-year-old plants was not different among heating hour 

treatments (Table II-1). 

Doritaenopsis ‘Mantefon’. Similarly to Phalaenopsis ‘Green Apple’, all 

vegetative growth parameters were significantly higher in 1-year-old plants 

compared to 6-month-old plants (Table II-2). Overall, leaf span (P < 0.001) and the 

number of new leaves (P < 0.05) were increased with increasing heating hour from 

6 to 24 h at both growth stages. The leaf length and L:W ratio also increased with 

increasing heating hour in the plants at both stages (Table II-2). In 6-month-old 

plants, the leaf span and leaf length were slightly reduced in the plants grown under 

24 h-29°C compared to those grown under 18 h-29°C (Table II-2).
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Table II-1. Effects of heating hours at 29°C on the vegetative growth of Phalaenopsis Norman’s Jade ‘Green Apple’ 

after 22 weeks of treatment. 

Age of  

seedling (A) 

Heating hours 

at 29ºC 

 (H) 

No. of 

new leaves 

Leaf span 

(cm) 

Chlorophyll 

Content 

(SPAD) 

The uppermost mature leaf  

Length 

(cm) 

Width 

(cm) 
L:W ratioz 

6-month-old 6 h  2.1ay 19.9b 73.9a 10.7bb 6.7aa 1.6bb 

 12 h 2.3a 23.1a 74.2a 12.3aa 6.8aa 1.8ab 

 18 h 2.1a 22.5a 71.1a 12.0ab 6.9aa 1.7ab 

 24 h 2.2a 22.2a 68.8a 11.9ab 6.4aa 1.9aa 

        

1-year-old 6 h 2.8a 29.6a 80.9a 16.1aa 9.1aa 1.8aa 

 12 h 3.1a 31.4a 81.2a 17.0aa 8.6ab 2.0aa 

 18 h 2.8a 32.1a 80.1a 18.0aa 8.9ab 2.0aa 

 24 h 3.0a 29.2a 80.5a 15.8aa 8.1bb 1.9aa 

Significance       

A  ***x *** *** *** *** ** 

H NS ** NS ** ** ** 

A × H NS NS NS NS NS NS 

zThe length to width ratio of the uppermost mature leaf. 

yMean separation within columns in each growth stage by Tukey’s honestly significant difference test at P < 0.05. 
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xNS, *, **, *** Non-significant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Table II-2. Effects of heating hours at 29°C on the vegetative growth of Doritaenopsis Queen Beer ‘Mantefon’ after 22 

weeks of treatment. 

Age of  

seedling  

(A) 

Heating  

Hours at 29ºC  

(H) 

No. of 

new leaves 

Leaf span 

(cm) 

Chlorophyll 

content 

(SPAD) 

The uppermost mature leaf  

Length 

(cm) 

Width 

(cm) 
L:W ratioz 

6-month-old  6 h  2.5ay 22.8cc 72.9a 12.2bb 6.8aa 1.8cc 

 12 h 2.8a 24.4bc 75.2a 13.4ab 6.7ab 2.0bc 

 18 h 2.5a 28.2aa 75.9a 15.3aa 6.9aa 2.2ab 

 24 h 3.0a 26.2ab 75.0a 14.5aa 6.0bb 2.4aa 

        

1-year-old  6 h 3.1a 32.0bb 76.1a 16.6bb 8.1aa 2.1bb 

 12 h 3.3a 35.2ab 77.7a 18.7ab 7.9aa 2.2ab 

 18 h 3.3a 38.6aa 76.5a 20.6aa 7.6aa 2.7aa 

 24 h 3.5a 38.8a 78.9a 20.5aa 7.8aa 2.7aa 

Significance        

A  ***x *** * *** *** *** 

H * *** NS *** NS *** 

A × H NS NS NS NS NS NS 

zThe length to width ratio of the uppermost mature leaf. 

yMean separation within columns in each growth stage by Tukey’s honestly significant difference test at P < 0.05. 
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xNS, *, **, *** Non-significant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Effects of Heating Hour Treatments on Inflorescence Initiation 

Phalaenopsis ‘Green Apple’. VI was completely inhibited in 6-month-old 

plants regardless of heating hour treatments (Fig. II-2A and II-3A). However, VI 

was started on 14 weeks after treatment and 40% of VI was emerged after 22 weeks 

of treatment in 1-year-old plants when the plants were grown under 6 h-29°C (Fig. 

II-2B and II-3B). VI was completely inhibited when the plants were grown under 

12, 18, and 24 h-29°C during 22 weeks of treatment (Fig. II-2).   

Doritaenopsis ‘Mantefon’. Except for 6 h-29°C treatment, VI of the plants at 

both stages was also completely inhibited when the plants were grown under 12, 18, 

and 24 h-29°C (Fig. II-4). When the plants were grown under 6 h-29°C, VI was 

started on 14 and 9 weeks after treatment began in 6-month-old and 1-year-old 

plants, respectively (Fig. II-4). Percent VI was rapidly increased after inflorescence 

induction started. VI of 50 and 100% were emerged in 6-month-old (Fig. II-4A and 

II-5A) and 1-year-old (Fig. II-4B and II-5B) plants, respectively, when the plants 

grown under 6 h-29°C. Moreover, only 1-year-old plants induced 20% of flowering 

(data not shown). 
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Fig. II-2. Effects of heating hours at 29°C on percent visible inflorescence in 6-

month-old (A) and 1-year-old (B) Phalaenopsis ‘Green Apple’ during 22 weeks 

after treatment.  
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Fig. II-3. Effects of heating hours at 29°C on leaf growth and inflorescence 

initiation in 6-month-old (A) and 1-year-old (B) Phalaenopsis ‘Green Apple’ 

after 22 weeks of treatment. Circle shows inflorescences of the plants. Arrows 

indicate inflorescences. 
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Fig. II-4. Effects of heating hours at 29°C on percent visible inflorescence in 6-

month-old (A) and 1-year-old (B) Doritaenopsis ‘Mantefon’ during 22 weeks 

after treatment. 
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Fig. II-5. Effects of heating hours at 29°C on leaf growth and inflorescence 

initiation in 6-month-old (A) and 1-year-old (B) Doritaenopsis ‘Mantefon’ after 

22 weeks of treatment. Circles show inflorescences of the plants. Arrows indicate 

indicate inflorescences.  
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DISCUSSION 

Effects of Heating Hour Treatments on Vegetative Growth  

The leaf span was increased with increasing heating hour from 6 to 18 h at 29°C. 

However, the leaf span was slightly reduced in 24 h-29°C treatment, although the 

plants were continuously exposed to vegetative growth activation temperature 

(Table II-1 and II-2). Similarly to our results, Newton and Runkle (2009) reported 

that leaf span of Phalaenopsis ‘Golden Treasure’ grown under 12 h-29°C was 

longer than the plants grown under constant 24 h-29°C heating. Moreover, 

Doritaenopsis ‘Newberry Parfait’ also showed similar tendency that leaf span of 

the plants grown under 4 h-29°C was slightly increased compared to those grown 

under 8, 12, 24 h-29°C, and 24 h-20°C. These results can be attributed to CO2 

absorption. Phalaenopsis performed crassulacean acid metabolism (Guo and Lee, 

2006; Kim et al., 2000; Ota et al., 1991) and the net CO2 uptake during the nocturnal 

period was maximized when the plants were exposed to a night temperature ranging 

from 18 to 22°C, which could promote leaf growth (Chen et al., 2008; Guo and Lee, 

2006; Ichihashi et al., 2008; Lootens and Heursel, 1998; Ota et al., 1991). Therefore, 

a cool night temperature for maximal CO2 uptake could be used to promote 

vegetative growth if the plants are exposed to sufficient high temperature heating 

duration during the day. In 1-year-old Doritaenopsis ‘Mantefon’, however, the leaf 

span and number of new leaves were gradually increased with increasing heating 

hour from 6 to 24 h at 29°C (Table 1). These results implicated that the growth and 

development of Phalaenopsis after exposure to different temperature regimes 

appeared to be largely hybrid-dependent (Blanchard and Runkle, 2006; Pollet et al., 

2011). 
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Effects of Heating Hour Treatments on Inflorescence Initiation 

Inflorescence initiation was completely inhibited when the plants were grown 

under 12 h or longer heating at 29°C in Phalaenopsis ‘Green Apple’ and 

Doritaenopsis ‘Mantefon’ at both stages (Fig. 2 and 4). These results showed 

similar tendency that the flower induction of Phalaenopsis ‘Mosella’ was inhibited 

when the plants were grown at 29°C for 12 h or longer (Newton and Runkle, 2009). 

Sakanishi et al. (1980) reported that inflorescence initiation of Phalaenopsis 

amabilis was reduced from 84 to 46% when the plants were exposed from 12 to 14 

h at 28°C. By comparison, 12 h-29°C treatment was more effective than 18 or 24 

h-29°C in terms of energy consumption for inhibiting inflorescence initiation and 

promoting vegetative growth at both Phalaenopsis hybrids in this study. Moreover, 

the inflorescence initiation in 6-month-old plants was inhibited or delayed more 

than 1-year-old plants (Fig. II-2 and II-4). Doritaenopsis ‘Mantefon’ initiated 

inflorescences more than Phalaenopsis ‘Green Apple’ when the plants were grown 

under 6 h-29°C heating. Similarly to our results, percent inflorescence initiation and 

flowering were reduced in younger (3-year-old) plants than older (6-year-old) 

plants in Phalaenopsis (Yoneda et al., 1992). Pollet et al. (2011) reported that the 

number of days to inflorescence initiation and percent inflorescence initiation 

differed remarkably when the plants grown at the same floral inductive temperature 

in eight Phalaenopsis hybrids. These results implicated that more matured or bigger 

plants could be more sensitive to temperature with respect to inflorescence initiation 

and flowering. In addition, responses to temperature were different depending on 

species or hybrids. Thus, mature plants or temperature-sensitive species required 

more careful temperature control for inhibiting inflorescence initiation compared to 
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immature plants or temperature-insensitive species.  

 

Conclusion 

Commercially, plants with more inflorescences and flower bud can receive 

higher price. Maturation of Phalaenopsis is directly related to the rate of increase 

in the cumulative leaf area (Lee, 1991). The more shoot dry weight increased, the 

more number of VI’s per plant increased after the end of heating treatments (data 

not shown). Increasing biomass accumulation could improve plant quality in 

Primula (Karlsson, 2002) and Cymbidium (Kim et al., 2011). Therefore, to produce 

higher value plants, it is important to maintain vegetative growth especially during 

immature stage.   

Nowadays, more energy efficient greenhouse heating strategies are needed. In 

this study, plants needed to be grown at 29°C for 12 h each day to promote 

vegetative growth and prevent early flowering in both hybrids. In case of immature 

Phalaenopsis ‘Green Apple’, only 6 h at 29°C could perfectly inhibit early 

inflorescence initiation. Heating to 29°C for 12 h during the daytime could be 

recommended to inhibit early inflorescence initiation and early flowering, thereby 

the growers can save heating cost during winter cultivation. Moreover, our study 

applied artificial long-day photoperiod (16/8 h) with photoperiod-extension 

because the long-day photoperiod could help Doritaenopsis ‘Mantefon’ maintain 

vegetative growth when they were exposed to 21°C. Therefore, a better 

understanding of the heating hours together with photoperiod and a field experiment 

are necessary to more effectively inhibit early inflorescence initiation and maintain 

vegetative growth of Phalaenopsis plants.  
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ABSTRACT IN KOREAN 

 

본 연구에서는 식물의 개화에 영향을 미치는 일장과 온도를 조절하여 팔레

놉시스의 조기개화를 억제하고 영양 생장을 충실히 유지하는 방안을 통해 

기존 재배방법에 비하여 보다 에너지 효율적인 방법을 개발하고자 한다. 첫 

번째 실험에서는 상대적 저온에서 일장조절이 개화를 억제할 수 있는지 알

아보기 위한 실험으로 식물 재료는 6개월 생 ‘만천홍’품종을 사용하였으며, 

온도처리는 21°C 와 26°C 처리 그리고 각 온도 하에 9/12 h (단일), 12/12 h 

(중일), 16/8 h (장일), 그리고 단일+야파 일장들을 처리하였다. 두 번째 실험은 

29°C 난방 시 조기개화 억제를 위한 최적 난방 시간을 알아내고자 하였다. 

식물재료는 품종 간 반응 차이를 위해 적색계열 ‘만천홍’과 유색계열 ‘그린

애플’ 품종을 사용하였으며 생육시기에 따른 반응도 확인하기 위해 6개월생 

유묘와 12개월생 성묘를 사용하였다. 난방시간 처리는 주간 16시간 장일 처

리에서 그 중간인 14시를 기점으로 29°C로 6, 12, 18 그리고 24시간 처리하였

으며, 처리를 하지 않는 시간은 개화 유도 온도인 20°C를 유지하였다. 첫 

번째 실험에서, 26°C처리에서는 처리 된 일장과 관계없이 모든 식물체에서 

화경의 발생이 완전히 억제되었다. 하지만, 21°C처리 하에서는 오로지 장일 

처리에서만 26°C처리와 유사하게 화경의 발생을 억제시키고 영양 생장을 

유지하는 것을 확인할 수 있었다. 두 번째 실험에서는 팔레놉시스 모든 품

종과 생육단계에서 12시간 이상 난방시간 처리 시 조기화경 발생이 억제되

었으며, 특히 유묘 ‘그린애플’품종의 경우에는 6시간 난방만으로도 완벽히 

조기 화경 발생이 억제되는 것을 확인 할 수 있었다. 영양생장적 측면에서 

6시간 난방을 제외한 12, 18, 24시간 난방시간 처리 구 사이에서는 통계적으

로 유의 차가 나타나지 않는 양상을 보였는데, 이는 주간 동안 12시간 이상 
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29°C 난방 시 영양생장에 차이를 나타내지 않고 조기화경 발생을 억제시킬 

수 있다는 것을 의미한다. 이러한 결과는 현재 겨울철 팔레놉시스 조기개화

를 막기 위해 24시간 동안 고온으로 난방을 하고 있는 농가에게 에너지 절

약뿐만 아니라 식물의 품질까지 동시에 높일 수 있는 재배 방법으로서 유용

한 정보가 될 것이라 판단된다. 
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