HortScience 30(1):59-61. 1995. Keeping greenhouse air temperatures at
>28C prevents the elongation of the repro-
1 I 1 ductive bud (Chen et al., 1994; Yoneda et al.,
P h al ae n O pSI@ rC h Id ng ht 1991), thereby inhibiting flowering. How-
ever, maintaining greenhouse air at such high

ReqU|rement durlng the |ndUCtIOn Of temperatures during fall and winter is cost

. prohibitive. Kubota and Yoneda (1993a,
Sp|k|ng 1993b) reported thaPhalaenopsisgrown
under continuous low photosynthetic photon
Yin-Tung Wang? flux (PPF) responded less favorably to tem-
. . . . . ratures needed for spiking than those pro-
Department of Horticultural Sciences, Texas A&M University Agricultur@l.cq under a higher PPE. My objectives
Research and Extension Center, 2415 East Highway 83, Weslaco, TX 78880 develop techniques to delay flower

opening by determining the effects of de-
creasing light level and of duration of dark-

Abstract Potted maturePhalaenopsisJoseph Hampton’ orchid (clone Diane) plants were Ness during exposure Bhalaenopsiplants
placed in each of four growth chambers with 0, 8, 60, or 1§mol-m-2s photosynthetic 0 cool conditions on spiking and flowering.
photon flux (PPF) for 12 hours daily and at 20C day/15C night air. Plants under 160 or 60

pmol-m-2s? PPF began spiking (an elongating reproductive bud protruding through the Materials and Methods

base of its subtending leaf) in an average of 28 or 34 days, respectively. None of the plants ) ] ]

placed under 0 or 8mol-m2s* PPF started spiking within 6 weeks. These plants,  Lightintensity Thirty-two, tissue-culture-
following return to a greenhouse, spiked and flowered 8 weeks later than those receivingPropagated ‘Joseph Hampton’ orchids (clone
160 pmol-m2s% In a second experiment, plants were placed in each of three growthDiane), with six to nine leaves spreading 55 to
chambers and kept in complete darkness at 20C day/15C night for 2, 4, or 6 weeks befor€5 cm across, in 1.75-liter pots (15 cm) were
exposure to 160pmol-m-2s® PPF. Air was maintained at 20C day/15C night for an selected. Allplants had bloomed oncein Spring
additional 6 weeks and then raised to 25C day/20C night to accelerate flowering. Plants1993. Four growth chambers were maintained
exposed to 2, 4, or 6 weeks of darkness required 45, 60, or 77 days, respectively, to reaghspike-inducing temperatures (20C day/15C
spiking. However, all plants spiked at similar times (31 to 35 days) after lighting began. night) (Lee and Lin, 1984). Eight plants were
Anthesis occurred at progressively later dates for plants placed in darkness for increasingPlaced ineach of three growth chambers (model
durations, but plants in all treatments required 123 days to reach anthesis following their GC—15; Environmental Growth Chambers,

exposure to light. Flower count and size were not affected in both experiments. Chagrin Falls, Ohio) with 160, 60, or 8
pmolm=2s?t PPF at plant level on 24 Aug.

In recent years, potted blooming Although mature plants of this orchid can1993 to induce spiking. Ninety percent of the
Phalaenopsisrchids (the moth orchids) havebe forced to bloom year-round in cool areas dight energy at the two higher PPFs was pro-
rapidly gained worldwide popularity (Tho- in air-conditioned greenhouses, most bloormided by cool-white fluorescent tubes, whereas
mas, 1992; Wang and Lee, 1994a, 1994bin spring following their exposure to the natuincandescent bulbs supplied 100% of the en-
Domestic production and import of this orchidral cool weather in fall and winter. As a conseergy in the §mokm-2s* PPF chamber. The
areincreasing rapidly. Inthe pd&alaenopsis quence, bloominBhalaenopsisrchidsarein photoperiod was 12 h daily. Another eight
was mainly grown by nurseries specializing irshort supply in late spring and summer. Manplants were placed in a dark growth chamber
orchids. With the increasing supply of lesgrrowers remove the first inflorescence, in anfRevco Scientific, Ashville, N.C.). Pots were
expensive materials and the growing markeicipation that a second one will develop inwatered with 0.5 g 20N-8.6P—-16.6K soluble
demand, this orchid now is being grown alongtime for Mother’s Day. However, this practicefertilizer/liter (Grace-Sierra, Fogelsville, Pa.)
side traditional floral crops. Development ofdoes not always offer satisfactory results. as needed. Plants were checked daily, and the
advanced cultural techniques to grow high-
quality Phalaenopsisprofitably is urgently
needed. 40 I | ] 1 :

In Phalaenopsisone large potentially re-
productive bud and a small vegetative bud are B Greenhouse Weekly Average
produced in the axil of the subtending leaf.
When all the physiological and environmental
requirements are met, the large upper repro-
ductive bud elongates, which can lead to flow-
ering. Many studies (Lee and Lin, 1984, 1987;
Sakanishi et al., 1980; Yoneda et al., 1992)
have investigated the requirement of relatively
low temperatures for inducing the elongation
of the reproductive bud (spiking). Flower bud
initiation occurs after the reproductive stem
(spike) has reached a certain length under the
required environmental conditions (Lin, 1994).
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date when spiking began was recorded fang that spiking in plants maintained at the twanthesis following the exposure to light ac-
each plant. higher PPFs was induced by the low tempera&zompanied by inductive temperatures. All

After 6 weeks, all plants were moved backures in the growth chambers. Those exposeslants used in this study were mature and
to a greenhouse and arranged in a randomizexl8 pmolm-=s? PPF or darkness required awould spike under favorable conditions. Had
complete-block design, replicated eight timessimilar time (88 to 95 days) to spike as greeradditional plants been placed in a chamber
including control plants that had experiencetiouse control plants, suggesting that they didithout dark treatment, they would have all
only greenhouse temperatures (Fig. 1) duringot perceive low-temperature stimulation fobloomed in 123 days. Because darkness pre-
the period that the other plants were in growthpiking while they were in growth chambersvented plants from responding to spike-induc-
chambers. The maximum PPF in the greer-ow greenhouse temperatures during Octobéng cool air, spiking and bloom dates were
house was:270pmolm-2s. Each plant was and November (Fig. 1) induced spiking indelayed by subjecting plants to darkness for 2
an experimental unit and checked daily fothese control plants. to 6 weeks without detrimental effects. There
spiking. The date when the first flower on each Plants exposed to 160 or @énolm-3s? was no unusual leaf drop in any plant for the
plant had become flat open was recorded®PF during induction of spiking bloomed atduration of this experiment. As in the first
Flower count per inflorescence and size of thabout the same time (Table 1). Those expos@xkperiment, darkness duration did not ad-
first flower were recorded for each plantto 8 umolm%s™® PPF or complete darknessversely affectflower quality (e.g., flower count
Tukey’s multiple range test was used for meaand greenhouse control plants bloomed muabr flower size) (data not presented).
separation. later, butalmost simultaneously. Neitherflower Kubota and Yoneda (1992a, 1992b) re-

Duration in darknessOn 14 Oct. 1993, 10 count nor flower size (data not shown) wagported that tissues &halaenopsiplants un-
mature ‘Joseph Hampton’ orchid (clone Dianeaffected by light intensities. der a low PPF had lower sugar and higher
plantsin 2.6-liter pots (but otherwise similarto  Aharoni and Halevy (1977) reported thamitrogen levels than those under a higher PPF,
plants described previously) were selected ariRhalaenopsiplants kept in darkness at 20Cwhich resulted in reduced spiking or no spik-
placed in each of three growth chambers. Allay/14C night did not spike. These plantsng at all. A continuous sugar supply to the
treatments were initiated on the same day &piked only after being moved to light, andapex of a reproductive bud is essential for
simulate the arrival of spike-inducing tem-they flowered 25 days later than those exposemntinued floral development, whetherinduced
peratures in a greenhouse. The plants wete high light intensity while being cooled, by high light, low temperature, or gibberellin
kept in complete darkness at 20C day/15@pparently responding to the low temperaturéChen et al., 1994). AlthougRhalaenopsis
night for 2, 4, or 6 weeks before exposure téollowing their exposure to light (Halperin andleaves perform crassulacean acid metabolism
160 pmolm=2s?* PPF at plant level for 12 h Halevy, 1975). and take up CQn darkness, increasing PPF
daily. Ninety percent of the light energy was Duration in darknessPlants in darkness from 0 to 300umolm=2s? increased daily
provided by cool-white fluorescent tubes andor 2, 4, or 6 weeks required 45to 77 days fror@O, uptake and possibly sugar production
the rest by incandescent bulbs. Air temperahe start or 31 to 35 days following the onset ofEndo and Ikusima, 1989; Ota et al., 1991).
ture was maintained at 20C day/15C night foighting to reach spiking (Table 2). No plantWhen plants were placed in darkness during
an additional 6 weeks after the light was turnestarted spiking while in darkness. Data fronthe day, respirational carbon loss occurred and
on in each chamber to ensure sufficient expdhis and the light intensity experiment suggesto net CQuptake was observed. As a conse-
sure to cool air for spiking. Then the air temthat plants could not respond to low temperaguence, #&halaenopsiplant exposed to low
perature was raised to 25C day/20C nighture stimulation for spiking while under a low PPF or in darkness, without a constant supply
After the last 10 plants received 6 weeks dPPF or in darkness. Thus, light exceeding af a certain threshold level of sugars, may not
20C day/15C night cycles, all plants wereertain threshold level would be required forespond to spike-inducing temperatures.
redistributed among the three growth chanthe plants to perceive low-temperature stimu- My data clearly show tha®halaenopsis
bers in a randomized complete-block desiglation for inducing the elongation of the repro-plants must be exposed to light above a certain
until the end of the experiment. One plantuctive buds. level to respond to cool air to activate the
represented an experimental unit. All plants Plants placed in darkness for more timeeproductive bud. Spiking and flowering are
were kept in a greenhouse between 17 and B®omed at progressively later dates (Table 2§lelayed but without adverse effects when plants
Feb. 1994 because of growth chamber maHowever, all plants required 123 days to reachre exposed to low PPF or complete darkness
function. The average greenhouse maximum

and minimum dl_”ing this _period were 23.6 _anefable 1. Effect of various levels of photosynthetic photon flux (PPF) during 6 weeks of 20C day/15C night
17.5C, respectively. Splklr_lg and flowering  cycles on spiking of thehalaenopsisrchid. All plants were moved to a greenhouse following treatment
dates, flower count on an inflorescence, and in growth chambers.

diameter of the first flower were recorded foi

each plant. Regression analysis was perform Days o Days to Daysspl;rk(i)rr]’r; Flower Leaf
on the data using weeks in darkness as tr{'&mol-rrrz-sl) spiking anthesis to anthesis count drop
independent variable. 160 28b 156 b 128a 1042 02b
60 34b 167 b 134 a 14.0 a 0.2b
Results and Discussion 8 88 a 211 a 123 a 10.8a 0.4b
0 95 a 216 a 123 a 11.1a 1.3a
Light intensityAn adequate light intensity Naturaf 89a 213 a 124 a 10.0a 0b

was required for rapid response to low tenmevean separation by Tukey's honest range test=0.05.
peratures to induce spiking. Plants under 16@ay 0 = 23 Aug. 1993.
or 60 umolm=s* PPF spiked irc1 month *Plants continuously in greenhouse.

(Table 1). Spiking was absent on plants placed . ) . ) . )
under &tmokm2s PPF or in complete dark- Table 2. Effect of 2, 4, or 6 weeks in complete darkness while being subjected to 20C day/15C night spike-

ness during the 6 weeks in a growth chamber inducing temperatures on spiking and flowerind*bilaenopsi®rchid.

atthe 20C day/15C night cycle, which induces Days to spiking Days to anthesis

spiking in mature plants (Lin and Lee, 1984)weeks in From the After From the After Flower
There was slow leaf and root extension and nfarkness beginning light on beginning light on count
leaf drop during the 6 weeks in darknes 45 31 137 123 10.9
However, subsequent leaf drop in the greem 60 32 151 123 10.0
house was more severe in plants kept in dark- 7 35 165 123 10.5
ness than those receiving light. The contrgpignificancé L™ NS L NS NS

plants in the greenhouse did not spike by the = linear response.
time the treated plants were returned, indicat: **Nonsignificant atx < 0.05 or significant att > 0.001, respectively.
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under otherwise cool inductive conditions. Dept. of Ornamental Horticulture, Hebrew Univ. Ota, K., K. Morioka, and Y. Yamamoto. 1991.
Bloom date could have been delayed furtherin of Jerusalem. Effects of leaf age, inflorescence, temperature,
this study had plants been subjected to lowéfen, W.-S., H.-Y. Liu, Z.-H. Liu, L. Yang., and  lightintensity, and moisture conditions on CAM
temperatures than the 25C day/20C night fol- W.-H. Chen. 1994. Gibberellin and temperature  photosynthesis irPhalaenopsisJ. Jpn. Soc.
lowing spiking (Lee and Lin, 1984) influence carbohydrate contentand floweringin  Hort. Sci. 60(1):125-132.
: i ; | PhalaenopsisPhysiol. Plant. 90:391-395.  Reid, D.M., J.B. Clements, and D.J. Carr. 1968. Red
Although light quality has been shown to ; ; o L L ’
frect fi ina (Roh and Wilkins. 1977 dEndo, M. and I. Ikusima. 1989. Diurnal rhythmand  |ightinduction of gibberellin synthesis in leaves.
Ia efC OWre]”ng '(d oh and Wilkins, 1977) an characteristics dPhalaenopsignd respiration Nature 217:580-582.
Ie? EIOWt _ (Rell et al., 13168): in }.hIS_ZStlfdy, in the leaf and root oféhalaenopsiglant. Plant - Roh, 5.M. and H.F. Wilkins. 1977. The effects of
ate-blooming plants in the rmokm S Cell Physiol. 30(1):43-47. . bulb vernalization and shoot photoperiod treat-
chamber likely responded only to the lightHalperin, M. and A.H. Halevy. 1975. Flowering  ments in growth and flowering ohilium
quantity. According to Kubota and Yoneda  control ofPhalaenopsisann. Rpt. 49-52.Dept. ~ |ongifiorum Thunb. cv Nellie White. J. Amer.
(1993a)’ plants grown Con’“nuously under <50 f])f Orn?mental HOr“CUltUre, Hebrew Univ. of Soc. Hort. Sci. 102:229-235.
umolm-2s do not spike. erusaiem. _sakanishi, Y., H. Imanishi, and G. Ishida. 1980.
; . ; _Kubota, S. and K. Yoneda. 1993a. Effects of light on e ' ’
g it esuls on delaying fower ™ dovilapment and nutiional staus of S/ TPeIAe ngromty nd over
g by 0 and imolm™s™ PPF, providing a PhalaenopsisJ. Jpn. Soc. Hort. Sci. 6(1):173— PSIS : .
dim light to plants while being exposed to  17q. Pref. Ser. B, 32:1-9. _
relatively low temperatures will have the benkubota, S. and K. Yoneda. 1993b. Effect of light' "0mas, S:H. 1992. Demand overpaces production
efit of preventing leaf abscission or severe intensity preceding day/night temperatures on Of the optimum orchid. Greenhouse Manager
weakening of plants while discouraging spik-  the sensitivity oPhalaenopsito flower. J. Jpn. 11(5)-56‘53- ook §
ing. The threshold PPF above which Soc. Hort. Sci. 62(3):595-600. Wang, v.T. and N. Lee. 1994a. A new ook for an
Phalaenopsisplants will respond to spike- Lee, N. and G.M. Lin. 1984. Effect of temperature old orchid: Potted blooming orchids. Green-

. . . i isvhi house Grower 12(1):79-80.

inducing temperatures is not known, but the ©ngrowthand flowering d?halaenopsisvhite

informa%ion frrc))m this study could be used to 1YPrid- 3. Chinese Soc. Hort. Sci. 30(4):223-Wang, ¥.T. and M. Lee. 1994b. Another look at an
Yy 1 old crop: Potted blooming orchids—Part 2.

develop techniques for staggering flowering oo N ‘and G.M. Lin. 1987. Controlling the flower- ~ Greenhouse Grower 12(2):36-38.
to helpextendth_eavall_abllltyofpotted,bloom- ing of Phalaenopsis). 27—44. In: L.-R. Chang. Yoneda, K., H. Momose, and S. Kubota. 1991.
ing Phalaenopsisorchid under commercial (ed.). Proc. Symp. Forcing Cult. Hort. Crops.  Effects of daylength and temperature on flower-
conditions. Special Publ. 10. Taichung District Agr. Im-  ingin juvenile and aduRhalaenopsiplants. J.
provement Sta., Changhua, Taiwan, Republic Jpn. Soc. Hort. Sci. 60(3):651-657.
of China. Yoneda, K., H. Momose, and S. Kubota. 1992.
Lin, Y.Z. 1994. Effect of light, temperature, and ~ Comparison of flowering behavior between
Aharoni, M. and A.H. Halevy. 1977. The effect of  plant growth regulators on flowering of =~ mature and premature plants Rifialaenopsis
light intensity and the history of the plants on  Phalaenopsisp. MS Thesis, National Taiwan  under different temperature conditions. Trop.
flowering in PhalaenopsisAnn. Rpt. 58-59. Univ., Taipei, Taiwan, Republic of China. Agr. 36(3):207-210.
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