Crop PrRoDUCTION

HortScience 35(4):596-599. 2000. investigated, and this information may be of
value to cut flower producers. The objective of

I this study was to evaluate the effect of LD, SD,
PhOtOperIOd AffeCtS GrOWth and and alternating LD and SD on progress to
flowering, percentage of plants flowering, plant

F|Owerlﬂg Of LyS|maCh|a C|ethr0|deS height, and size of racemes and flowering

stems produced froin clethroideshizomes
D u by forced under greenhouse conditions.

Pamela M. Lewig, Allan M. Armitage?, and James M. Garne? Materials and Methods
Department of Horticulture, University of Georgia, Athens, GA 30602-7273,; 1 continuous and noncontinuous

g Photoperiod.On 10 Oct. 1995, 500Q.

clethroidesrhizomes were harvested from
Abstract Gooseneck loosestrife_{/simachia clethroidePuby) rhizomes were cooled for outdoor production beds (Here & Now
10weeks at 4 1°C prior to greenhouse forcing in continuous long days (LD); continuous Gardens, Gales Creek, Ore.), packed into
short days (SD); 4, 6, 8, or 10 weeks of SD followed by LD until anthesis; and 4, 6, 8, oplastic bags filled with unmilled sphagnum
10 weeks of LD followed by SD. None of the plants grown in continuous SD flowered, ancpeatmoss, and shipped to Athens, Ga. Upon
fewer than 30% of plants flowered when grown in 4, 6, or 8 weeks of LD followed by SDarrival, 260 rhizomes:9 cm long were se-
for 21 to 25 weeks. At least 10 weeks of LD prior to SD were required to obtain 70%lected for uniformity and packed into crates
flowering. Plants receiving continuous LD or 4, 6, or 8 weeks of SD followed by LD (36 x 34 x 27 cm) lined with clear, 0.2-mm-
flowered in the highest percentages (85% to 90%), but only 10% of plants receiving 10thick (8-mil) polyethylene. Each crate con-
weeks of SD followed by LD flowered. The number of greenhouse days required fortained five single layers of rhizomes packed
visible bud formation and anthesis increased linearly as initial SD exposure increased,between layers of moist, unmilled sphagnum
but the number of racemes produced by flowering plants was not affected. Plant heightpeatmoss. The crates were stored in darkness
was greatest in continuous LD, and decreased linearly as initial SD exposure prior to LDin a cooler at & 1 °C for 10 weeks. To allow
increased from 0 to 10 weeks. Plants grown in continuous SD remained vegetativaeration, the tops of the crates were left open
rosettes throughout the experiment, and their height increased linearly as initial LD during cooling. At the commencement of
priorto SD increased from O (continuous SD) to 10 weeks. These results demonstrate thatooling, the unmilled sphagnum peatmoss con-
supplemental LD lighting can promote growth and flowering in this species and that tained=90% water by weight, and tap water
lighting can be discontinued 3 weeks before harvest of cut flower crops. was added as needed during cooling to main-
tain uniform moisture within the crates.

] _ i After cooling, the rhizomes were potted
The long stems and curving, white racemeshort days (SD). In contragiamelia patens jnto 3.8-L nursery containers filled with a

of Lysimachia clethroidemake it particularly Jacq. andisclepias tuberosk. have critical commercial soilless medium (Fafard Mix No.
well-suited for specialty cut flower produc-photoperiods for flower development but are3-g: Conrad Fafard, Anderson, S.C.). The
tion. Under field conditions, this herbaceouslay-neutral for flower initiation (Albrechtand pots were then placed on benches in a glass-
perennial produces flowers during late springehmann, 1991; Armitage, 1995). Occasionhouse in which the ambient temperature
or early summer, but the year-round demanally, photoperiodic requirements for initiation gveraged 2@ 5°C (day) and 12 3°C (night)
for specialty cut flowers makes off-seasoriffer from those for developmenSalvia throughout the experiment. On 2 Feb. 1996,
greenhouse forcing desirable. Iversen aniéucanthal. is a SD plant with critical photo- 200 uniform plants with an average height of
Weiler (1994) found thdt. clethroidessan be  periods of 12 h for flower initiation and a3 ¢m and an average of six leaves were se-
forced to flower in the greenhouse in a 16- ocritical photoperiod of 10 h for developmenttected and randomly divided into two groups
24-h photoperiod but not in an 8-h photoanthesis (Armitage and Laushman, 1989). of 100. One group received LD photoperiod
period. This suggests thatclethroideshas a Photoperiod also influences the growthrom NI lighting provided by 40-W incandes-
qualitative continuous long days (LD) require-habit of many plants. Although photoperiodcent bulbs (Sylvania, St. Marys, Pa.) from
ment for flowering, but many questions remairloes not affect flower initiation and develop2200 to 0206+ at an average intensity of 14
about the photoperiodic response of this plantment inZantedeschia elliottiandW. Wats.) imol-nr2s? at plant height. The other group
Iversen and Weiler (1994) exposéd Engl. orZ. rehmanniiEngl., LD provided by received SD photoperiod (11 h) by application
clethroidesto continuous 8-, 16- or 24-h night-interruption (NI) lighting promotes of blackcloth from 1700 to 080&. Applica-
photoperiods. However, many herbaceougeduncle elongation (Corrand Widmer, 1990)jon of blackcloth during these hours was
perennials do not require continuous exposur@imilarly, Zinnia eleganslacq. flowers most made to both LD and SD treatments to control
to inductive photoperiods to complete flower+apidly in SD, but produces higher quality cugaijly light integral and to ensure that ambient
ing. Trachelium caeruleurh. requires LD for  flowers in LD, since plant height, node num-—onditions were similar among treatments.
flower initiation but not for subsequent flowerber, flower diameter, leaf length, and leaf After 4 weeks of photoperiod treatments,
development (Armitage, 1988). After initia- width are increased (Boyle and Stimart, 1983R0 LD plants were moved to SD treatments,
tion in LD, floral organs of. caeruleunwill  Manipulation of photoperiod with alternatingand 20 SD plants were moved to LD treat-
develop and function properly in continuouscycles of LD and SD may also be useful inments. This process was repeated after 6, 8,

production of cut flower crops to enhancesnd 10 weeks to give eight different photo-
Received for publication 26 Oct. 1998. Accepted foflowering stemyield and qualityiatris spicata  period combinations in addition to a continu-
publication 16 Aug. 1999. We thank Here & Now(L.) Willd. produced the highest yields of gys D and continuous SD treatment (Fig. 1).
Gardens, Gales Creek, Ore., for donating the rhlong-stemmed cut flowers when an initial 35At the time of each transfer‘ all rep"cates were
zomes used in this study. The cost of publishing thid SD treatment was followed by LD (Espinosa&ompletely randomized across the greenhouse
paper was defrayed in part by the payment of paggnd Healy, 1990). benches. Treatments were continued until 24
charges. Under postal regulations, this paper there- |ersen and Weiler (1994) showed that Aug. (29 weeks after photoperiod treatments

fore must be hereby markadvertisemergolely to ; ;
indicatltja s ot y verti Y% clethroidesdoes not flower in SD, and subseere begun) when the study was ended.

iResearch Specialist. E-mail address: jmgamer@|€Nt studies on growth and flowering of this — All plants were given 200 mg=LN con-

Additional index wordscut flowers, gooseneck loosestrife, limited inductive photoperio

arches.uga.edu rop in response to cooling were conductegtant liquid feed, alternating applications of

*Professor of Horticulture. E-mail address:under LD conditions (Lewis etal., 1999). The15N—9.9P-14.1K and 15N-0P—12.5K (Peter’s
armitage@arches.uga.edu. influence of alternating photoperiods dUrlng]_5_16_l7 Peat-lite Special and 15-0-15 Dark
3Graduate Research Assistant. greenhouse forcing of this crop have not beefeather Feed, respectively; The Scotts Co.,
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Fig. 1. Design for continuous and noncontinuous photoperiod study.

Marysville, Ohio). Once a week, all pots werel able 1. Bud stage of developmentlfgsimachia clethroideat the initiation of final short day or long day
leached with tap water to prevent excessive {reatments.

build-up of soluble salts. Group no.  Bud size Description

~ The numbers of greenhouse days untf <2.5cm Buds very smalll, nestled in leaves, only thread-like bracts are visible.
visible bud formation and anthesis were rez 2.5-3.0cm Buds protrude from uppermost leaves, a few individual flower buds (round
corded for the flowering plants in each treat- and green) are discernible on the developing raceme.
ment. All flowering stems were harvested3 3.0-5.0cm More individual flower buds are visible on the developing raceme, the
when about one-third of all flowersin araceme lower flower buds are green and white. _
were open. Terminal racemes on main shoofs 5.0-7.0cm Individual flower buds are visible near the apex of the developing raceme

were cut at a height allowing the maximum lower flower buds have lost their green coloration and are completely white.

number of potential flowering branches to

remain intact on the plant while providing a

cut flower stem 0£40 cm. Side branches of  Expt. 2. Flower developmen®lants in both LD and SD treatments to control daily
the main shoots bearing racemes were cut @hich flower buds had initiated in LD were light integral and to insure that ambient condi-
the junction of the branch and the main shootransferred to SD at different developmentations were similar among treatments. When
Data were recorded for each flowering sterstages to determine the influence of SD ombout one-third of the flowers in a raceme
produced, and included stem length anflowerdevelopment. Rhizomedoflethroides reached anthesis, raceme length and width,
diameter; raceme number, length, and widthysed in this study received natural cooling in theumbers of flowers or buds per raceme, bract
flower diameter; and bract length. Racemdeld and were harvested in Mar. 1996 (Here &ength, flower diameter, and the number of
length was measured from the axil of thdNow Gardens). The rhizomes received no adddays required to attain anthesis were recorded
lowest flower in the raceme to the tip of theional cooling prior to potting in 3.8-L contain- for each flowering stem. Data were tested by
uppermost bud, and raceme width wasrs filled with a commercial soilless mediumANOVA using the SAS General Linear Model
measured at the middle of the raceme. Ste(rafard 3-B, Conrad Fafard). Plants were ini¢SAS Inst.), and means separation was accom-
length was measured from the cut end of thially grown in the previously described greenplished using Tukey’s Studentized range test
stem to the axil of the lowest flower and stenfouse conditions, and received LD from NIHsp).

diameter was measured with calipe?ss cm  lighting providing 14umol-nt?stat plantlevel

above the cut end of the flower stem. Overaffom 2200 to 0208r. On 15 June 1996, 100 Results and Discussion

plant height was also recorded at the time gflants with flower buds were selected and

harvest or, for nonflowering plants, at thegrouped according to flower bud stage of Effect of continuous SD or LDNone of
completion of the experiment. All data weredevelopment ranging from 2.5 to 7 cm inthe plants grown in continuous SD flowered,
tested by analysis of variance (ANOVA) usindength (Table 1). Half of the plants in eachwhile >80% of plants grown in continuous
the SAS General Linear Model procedure (SA§roup remained in LD, while the other halfLD or 4, 6, or 8 weeks SD prior to LD
Inst., Cary, N.C.), and variation among initialreceived SD (11 h) provided by blackclothflowered (Fig. 2A). These findings are simi-
photoperiod treatments was analyzed bgpplication from 1800 to 090&. Application lar to those of Iversen and Weiler (1994),
orthogonal contrasts. of blackcloth during these hours was made taho reported that. clethroidesremained
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Fig. 2. Effects of continuous or noncontinuous long day (LD) or short day (SByy. 3. Total time to visible bud and anthesislfgsimachia clethroideforced
photoperiod on4) percentage of plants flowering arigl) (overall plant in continuous long days (LD) or 4, 6, 8, or 10 weeks of short days (SD)
height ofLysimachia clethroide€ach bar inA) represents the average of  followed by LD. Bars represent standard deviations about the means. Both
four groups of five single-plant replicates. Mean separation by Tukey’s trends are linear & < 0.001.

Studentized range tesisp), P<0.05. Trends irg) for SD prior to LD plants
and for LD prior to SD plants are linearRa& 0.001. Error bars represent
standard deviation about the means.

vegetative when grown in an 8-h photopeafter 10 weeks of SD may suggest a decrea&® are required for flower initiation, they do
riod, regardless of previous exposure to cooln sensitivity to LD .L. clethroidesmay pass not appear to be necessary for subsequent
ing. These data confirm that clethroides through juvenility gradually, with sensitivity flower development. All plants exhibiting
has a qualitative flowering response to LDto inductive photoperiods gradually increasvisible buds at the time of transfer to nonin-
The failure of some plants to flower in LDing and then declining again as maturatiomluctive SD flowered, as did all plants in
treatments suggests that some rhizomes usgabceeds. Damann and Lyons (1993) notedthich buds became visible shortly after SD
in this study may not have reached maturit}his pattern of behavior irCoreopsis transfer(data notshown). However, no plants
prior to harvest. lanceolatal. ‘Early Sunrise’, a qualitative developed visible buds under continuous SD,
Effect of transfer from SD to LORlant LD plant; plants flowered later when movedand after several weeks in SD, no additional
height decreased linearly as initial SD expoto inductive LD at the cotyledon stage or avisible buds appeared on plants transferred
sure increased from 0 to 10 weeks (Fig. 2B}he 24-leaf stage than when transferred at tfeom LD. This suggests that the plants that
In continuous SD, the average vegetativé6-leaf stage. flowered in SD had previously undergone
plant height ofL. clethroideswas 12.8 cm, The number of racemes produced bynduction and initiation during LD.
but further progress to flowering required LDflowering plants was similar among treat- Raceme length increased linearly with
exposure. The earliest flower initiation oc-ments, regardless of the percentage of planisitial exposure to LD (Fig. 5A). Following
curred in continuous LD; the number of greenthat flowered (data not shown). An increaséransfer to SD, the buds initiated in LD con-
house days required for visible bud formatiorn lateral branching, promoted by noninductinued to develop, but no new buds were
(VB) and anthesis (FLW) increased linearlytive SD, was credited with increasing cutinitiated (data not shown). Although flower
as initial SD exposure increased from O to 1flower yields of the LD plant$lelipterum development continued after transfer to SD,
weeks (Fig. 3). Twenty to 25 d were requiredoseum (Hook.) Benth.,Helichrysum SD conditions appeared to inhibit extension
for VB to FLW, regardless of treatment, sugbracteatum(Venten.) Andr., andserbera growth. Both plant height and flowering stem
gesting that VB to FLW was not affected byjamesoniiBolus (Cockshull, 1985; Lin and length increased linearly with length of ini-
photoperiod. French, 1985; Sharman et al., 1989). In cortial exposure to LD (Fig. 5B). These data
There was no correlation between the nuntrast, initial exposure df. clethroideso SD  suggest thak. clethroidesresembleLore-
ber of SD cycles received and progress tdid notincrease lateral branching or cut floweppsis lanceolatdEarly Sunrise’, which re-
flowering. Plants grown in continuous LDyield. Plants grown under SD for 4, 6, or 8quires LD for floral initiation and stem elon-
flowered inr=107 d. However, plants exposedwveeks produced short rosettes, and branchgation but not for normal development of
to 4 weeks of SD before transfer to LD flow-ing occurred only after transfer to LD. There{loral organs (Damann and Lyons, 1993).
ered just 7 d later, and 6-week SD plants jusbre, initial SD exposure for 4, 6, or 8 weeks Effects of photoperiod on flower develop-
10 d later than did plants grown in continuousrior to LD delayed flowering without sig- ment.Abnormally short racemes were pro-
LD (Fig. 3). Exposure to SD for 8 or 10 weeksificantly enhancing cut flower yield. duced on plants receiving 4 weeks of LD
had no more effect on time to FLW than did Effect of transfer from LD to SDTo prior to SD (Fig. 5A). Visible buds were not
exposure to 6 weeks (Fig. 4). The reduction inbtain a significant flowering responde, observed on these plants at the time of trans-
the number of inductive photoperiods re<lethroidesrequired prolonged exposure tofer to SD, and the stunted racemes suggest
quired for flowering as initial SD exposureLD. When transferred to SD after 4 weeks ofhat either floral initiation ceased prema-
increased may indicate increasing sensitivityD, only 5% of the plants flowered. At leastturely or some developing buds in the raceme
to LD as maturation proceeds, while the re10 weeks of LD prior to SD were required toaborted following transfer. When plants with
duction in the number of flowering plantsobtain 70% flowering (Fig. 2A). Although visible buds at various stages of development
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Fig. 4. Time from start of long days (LD) to anthesidfgsimachia clethroides Fig. 5. Raceme lengthAj and flowering stem lengthBj for Lysimachia
forced in continuous LD or 4, 6, 8, or 10 weeks of short days (SD) followed clethroidedorced in 4, 6, 8, or 10 weeks of long day (LD) followed by short

by LD. Bars represent standard deviations about the means. Trend isday (SD) photocopied. Bars represent standard deviations about the means

quadratic aP < 0.01. Both trends are linear &< 0.01.

were transferred from LD to SD, flower de-increase yield or length of flowering stems leucantha J. Amer. Soc. Hort. Sci. 114:755-
velopment proceeded at the same rate andfar L. clethroidesand the number of racemes  758. )
the same degree as in plants remaining in Lproduced by flowering plants was not afBoyle, T.H.and D.P. Stimart. 1983. Developmen-
(data not shown). Days to FLW, raceme sizdgcted by transfer from SD to LD. The influ-  {@lresponses dfinniato photoperiod. J. Amer.
flower number and diameter, and bract lengtbnce of incandescent lighting on plant heigk&ojg%'uwO}Et'ESi'éslgg;gg’?_losg_' )

™ . . ,K.E. ap.43-47.In: AH.
were not S|gn|f|ca_ntly affect_ed by transfer to(Fig. 2B) a_nd raceme length (F|g._5A) MaY~ " Halevy (ed.). Handbook of flowering. vol. 3.
SD. Thus, to obtain the earliest harvest of cutot be attributable solely to LD, since light  crc press, Boca Raton, Fla.
flowers during the short photoperiods of win-emitted from these lamps has a low R : FRorr, B.E. and R.E. Widmer. 1990. Growth and
ter, LD must be applied until flower budsratio that can in itself promote stem elonga- flowering of Zantedeschia elliottianand Z.
become visible on all plants. After attainingtion. However, these results do support the rehmanniiin response to environmental fac-

the visible bud stage, racemes will develop atse of NI lighting in production oi. tors. HortScience 25:925-927. N
the same rate and to the same degree in eitleéethroidescut flowers. Lighting of crops Damann, M P. and R.E. Lyons. 1993. Juvenility,
SD or LD. produced during noninductive or marginal flowering, and the effects of a limited inductive

Lo . . _ photoperiod inCoreopsis grandifloreandC.
Photoperiod influenced both the vegetaphotoperiods should begin as soon as pos lanceolata J. Amer. Soc. Hort. Sci. 118:513—

tive and reproductive development bf  sible afteremergence to promote inductionof 5;g

clethroides At least 10 weeks of LD were flowering, progress to anthesis, and extenggpinosa, I. and W. Healy. 1990. Influence of
required to obtain flowering in 70% of all sion of flowering stems. Lighting can be photoperiod otiatris spicatagenerative shoot
plants, and plants remained vegetative rosettdiscontinued 3 weeks before production stops. growth. HortScience 25:764—766.

when grown in continuous SD. Therefore, Iversen, R.R. and T.C. Weiler. 1994. Strategies to
during periods of naturally short daylength _ _ force flowering of six herbaceous garden pe-
(winter), NI lighting should be applied for 10 Literature Cited rennials. HortTechnology 4:61-65.

i Lewis, P.M., A.M. Armitage, and J.M. Garner.
or more weeks after emergence to obtain fprecht, M. and J.T. Lehmann. 1991. Daylength, 1999. Cooling accelgerates flowering of

high percentage of flowering plants. How-  cold storage and plant production method in- | ysimachia clethroideDuby. HortScience
ever, this treatment may be delayed for over fluence growth and flowering oAsclepias 34:239-241.

a month after shoot emergence, if necessary, tuberosaHortScience 26:120-121. | i w.C. and C.J. French. 1985. Effect of supple-
without adversely affecting plant height orArmitage, A.M. 1988. Effects of photoperiod, light * manary lighting and soil warming on flower-
the rate of flowering. The highest flowering ~ Source and growthregulators onthe growthand jny of threeGerbera cultivars. HortScience

percentages were obtained for continuous g%‘i"’esgr.‘g;;f-g??he”“m caeruleumJ. Hort. 20:271-273.
ivi P 99D IO Sharman, K.V., M. Sedgley, and D. Aspinall. 1989.

LD plants and those receiving fewer than 1%"1“396, A.M. 1995. Photoperiod, irradiance,  Effects of photoper?odytemperatu‘r)e and plant
weeks of SD prior to LD, suggesting that the d infl fl ; l TIPSO, T

bility of L. clethroidest d to ind and temperature influence flowering-tdmelia age on floral initiation and inflorescence qual-
ablility or L. clethroideso respond 1o INduC-  pateng(Texas firebush). HortScience 30:255— ity in the Australian native daisiételipterum
tive photoperiods may be reduced after expo- 256, roseumandHelichrysum bracteaturin rela-
sure to 10 weeks of SD. Unlike many othearmitage, A.M. and J.M. Laushman. 1989. Photo- tion to cut-flower production. J. Hort. Sci.
LD plants, initial exposure to SD did not periodic control of flowering ofSalvia 64:351-3509.
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