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Abstract

Inconsistencies have been reported in the role of vernalization and photoperiod on growth and floweugagthiemum xsuperbum
Bergmans ex J. Ingram cultivars. Five cultivars were used to determindebis ef vernalization and photoperiod on days to flowe
shoot height, growth index, flower shoot numlaerd quality rating. Plants received 0, 3, 6, 9, or 12 weeks of vernalization time (MER)

at 4.4C (40F) and afterward were placed under either natural short days (SD) or night-interrupted lighting (NIL) in a gregnhouse.
‘Becky’ showed an obligate requirement for NIL to flower with 100% of plants flowering under NIL and 0% of plants flowering under
SD regardless of ER. Vernalization for 6 weeks before Nihcreased shoot height, growth index, flower shoot nunaioer quality
rating but the fewest days to flower occurred after 12 week&®. ‘Silver Princess’, ‘Snow Cap’, ‘Snow Lady’, and ‘Summeyr
Snowball’'showed a facultative requirement for Nt_flower. Plants under Nlflowered earligrwere lager, had more flower shoots,
and had a higher overall quality rating than plants under SD. Shoot height and growth index were highest under NIL after 3 angl 6 weeks
of VER, flower shoot number was highest after 3 to 9 week&®, but days to flower was least after 12 weekgBR. Therefore,
NIL after 3 or 6 weeks &fER would maximize plant size and quality for practical application in the cultivars studied but result inmore
DTF when compared to 12 weeksuER.

=

Index words: flowering, chilling, day length, production.

Species used in this studyBecky’, ‘Silver Princess’, ‘Snow Cap’, ‘Snow Lady’, ‘Summer Snowball’ Shasta daieycanthemum
xsuperbum).

Significance to the Nursery Industry (Leucanthemum xsuperbum). Shasta daisy was reported to
; ; ; be a long day plant because flowering was hastened by simu-
Sales of flowering plants generally improve if plants are . o= O
sold while in bloom and are vigorous and uniform in growth, |at€d long days with 4 h night-interrupted lighting (7) or day

Knowing whether vernalization, long days or a combination '€ngth extension from 6:00 to 10:00 pm (8). ‘Esther Read'
of the two improve uniformityvigor and flowering of her and "T.E. Killian’ required long days to flowebut the day

baceous perennials for the spring marketing season may im-length r_equwed Va”ed,w'th the C_}J'“Vaf? and 15 hours,
prove opportunities for sales. In this stu@hasta daisy  eSPectively (6)When ‘G Marconi’ seedlings were trans-
‘Becky’ showed an obligate requirement for long days to ferred from short days to_longs days with an increasing num-
flower. ‘Silver Princess’, ‘Snow Cap’, ‘Snow Ladgnd ber of leaves, flowering did not occur under continuous short
‘Summer Snowball’ showed a facultative response for long 9@ys and only sparsely under long days (3). Shedron and
days to flowerbut in practical application, should be treated  YVeiler (12) reported that ‘®larconi’seedlings did not flower

as obligate long-day plants. Growth factors including, shoot Ur_'def short days anq f'OW‘?fed only 10-20% under long days
height, growth index, quality rating, flower shoot number with no VER. Seedlings given 0 to 16 weeksMER at 4
were improved by 3 and 6 weeks of vernalization at 4.4C week intervals followed by short days flowered 100% only

40F) foll d bv night-int ted lighting duri tural afterrec_:eiving 16yveeksVER._Seedling.sofoﬁérentgeno-
éhort)d(;yz\.lve y hight-interrupted ighting during natura types given combinations of tifentVER intervals followed

by short or long days varied in flowering resporide au-
thors concluded that the description of Shasta daisy as a long
) ) day plant was imprecise because some genotypes responded
Flowering herbaceous plants are a growing segment of the qajitatively and others quantitatively¥&R and photope-
U.S. flower marketwWholesale value of herbaceous perenni- yjgg.
als was $708 million in 2005 (5). Sales of flowering plants  cameron et al. (2) reported that long days were horticul-
generally improved if plants were sold while in bloom and  tyrally required for flowering of ‘Snow Lady’. Non-vernal-
were vigorous and uniform in growth (1). Herbaceous pe- jzed ‘Snow Lady’ seedlings transferred from short days to
rennials can be forced into flower under greenhouse condi- |gng days with an increasing number of leaves flowered fast-
tions by manipulating vernalization and photoperiod (2).  est from the cotyledon stage and progressively slower with
Differences have been reported concerning the role of pho-y, to 24 leaves (3Yhese authors found a facultative long
toperiod and vernalization (VER) in flowering of Shasta daisy day response in ‘Snow Lady’ and showed that floral initia-
tion is faster and more uniform under long days than short
days with no prioVER. When ‘Snow Ladyseedlings were
'Received for publication February 17, 2006; in revised form March 15, given noVER or 4 months outdodrER followed by either

Intr oduction

2007. short days, continuous long days, or a range of long days
*Graduate @ident. <colemjt@auburn.edu> from 6 to 22 at 2 day increments followed by short days,
*Associate Professorkessljr@auburn.edu> non-vernalized seedlings flowered faster than those that re-
“Associate Professossibleje@auburn.edu> ceivedVER indicating a lack oVER requirement in this
SProfessar<keevegj@auburn.edu> cultivar (4).
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‘Snow Cap’given noVER or 15 week¥ER followed by
either day lengths ranging from 10 to 16 h at 2 h increments,
continuous light, or a 9 h photoperiod with night-interrupted
lighting did not flower withouVVER and photoperiods 14
h (9). Plants that receiva(ER flowered regardless of pho-
toperiod. In a second studylants received 0 to 15 weeks of
VER at 3 week intervals followed by a 9 h photoperiod with
or without night-interrupted lightingwith a 9 h photope-
riod, percent flowering increased and flowering time de-
creased with increasingeR time. Plants given night-inter
rupted lighting and that received weeks oVVER flowered
fastestThe authors recommend@&R for 6 weeks followed
by at least a 16 h photoperiod for forcing ‘Snow Cajpe
objective of this study was to determine the role of photope-
riod andVER duration on growth and flowering of five
Leucanthemum xsuperbum cultivars.

Materials and Methods

On October 10, 1997, plugslofucanthemum xsuperbum
‘Becky’, ‘Silver Princess’, ‘Snow Cap’, ‘Snow Lady’ and
‘Summer Snowballin 72-cell flats (Ydder Greenleaf Enter
prises, Inc., Leola, &) were transplanted to 15-cm (6 in)
azalea pots containing Fafard #3 growing medium (Fafard,

Anderson, SC). Plants were grown in an unshaded glass-cov-

ered greenhouse with a heating set point of 18.3C (65F) and
a ventilation set point of 25.6C (78F). Plants were fertilized
weekly with 150 ppm N using 20N-4.4P-16.6K (Pro Sol
20-10-20, Frit Industries, Inc., Oza,) fertilizer. Plants
were watered when the medium appeared ooy before
plants wilted.

On February 14, 1998, 72 plants of each cultivar were
placed in a walk-in cooler set at 4.4C (40F) for 3, 6, 9, or 12
weeks ofVER treatment and irrigated as needed with water
While in the coolerplants received 9 hours of incandescent
light at a minimum of 10 ft-c from 0800 hours to 1700 hours.

Eighteen control plants of each cultivar and those removed
from the cooler a¥ER treatments were completed were held
in an unshaded glass-covered greenhouse with a heating s
point of 18.3C (65F) and a ventilation set point of 25.6C
(78F). In the greenhouse, half of the plants from &4€R

Table 1. Percent flowering of fiveLeucanthemum xsuperbum cultivars
in response to vernalization duration and shdrphotoperi-
ods or night-interrupted lighting.

Vernalization (weeks)
Photo-
Cultivar period 0 3 6 9 12
‘Silver Princess’ SO o 90 78 78 100
NIL 100 100 100 100 100
‘Snow Cap’ SD 33 0 89 22 100
NIL 100 100 100 100 100
‘Snow Lady’ SD 0 78 78 89 100
NIL 100 100 100 100 100
‘Summer Snowball’ SD 22 0 22 11 100
NIL 100 100 100 100 100
‘Becky’ SD 0 0 0 0 0
NIL 100 100 100 100 100

zSD = short day lengths, NIL = night-interrupted lighting.
n=09.
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treatment were placed under either natural short days (SD)
or night-interrupted lighting (NIL). NIL was provided by
incandescent lamps from 2200 hours to 0200 hours. Begin-
ning March 14, 1998, plants in the natural day length treat-
ments received black cloth from 1700 hours to 0800 hours
until flower buds openedVeekly fertilization resumed for

all plants once placed in the greenhouse at the previously
reported rate. Plants were spaced on 30.5 cm (1.0 ft) centers.

Data recorded were date of first open flower (ray floret
petals reflexed perpendicular to the peduncle) and at the time
of first flower, shoot height, growth index [GI = (height +
widest width + width 90°) / 3], and number of flowering
shoots. No growth data were recorded on plants without flow-
ers.A market quality rating was recorded when five flowers
were open (or when all flowers were open if the plant had
less than five flowers) consisting of 1 = foliage not beyond
pot rim, 1-4 flowers and buds; 2 = any one leaf up to 2.5 cm
(1 in) beyond pot rim, 5-9 flowers and buds; 3 = any one leaf
5.0 cm (2 in) beyond pot rim, 10-13 flowers and buds; 4 =
any one leaf 7.6 cm (3 in) beyond pot rim, 14-17 flowers
and buds; 5 = any one leaf greater than 7.6 cm (3 in) beyond
pot rim, greater than 17 flowers and bulguality rating of
zero was assigned to plants that did not flower by the termi-
nation of the experiment.

Cultivars were randomized separately and analyzed as
separate experimeni&he experiment design was a split-plot
with photoperiod as the main plot and cooler time as the sub-
plot. Data were analyzed using the PROC GLIMMIX proce-
dure (10) to determine significance of maifeefs and inter
actions. Responses to photoperiod were determined using the
main efect F-test. Response YER was determined using
linear and quadratic orthogonal polynomiafs= 0.05) in
the cases of univariate responses. Quality ratings were ana-
lyzed as ordinal responsedj1Mean separation for quality
ratings were determined using t-tesiBs+(0.05) from PROC
GLIMMIX.

el{iesults and Discussion

‘Silver Princess’ plants flowered 100% under NIL, regard-
less oVER, while 70% of plants receiving 3 to 12 weeks of
VER under SD flowered, but none of the plants under SD
flowered withoutVER (Table 1).The interaction between
photoperiod an¥ER was significant for flower shoot num-
ber and quality rating @ble 2). Flower shoot number in-
creased linearly with increasingER under SD showing a
158% increase after 12 weeks compared to 3 weekBRf
Flower shoot number changed quadratically with increasing
VER under NIL with the highest shoot numbers occurring
after 3, 6, or 9 weeks MER, a diference of 3 and 2 shoots
when compared to 0 and 12 weeksVEER, respectively
Quality ratings were not dérent under SD after 3 to 12 weeks
of VER or under NiLafter O to 12 weeks &ER. However
overall quality ratings under NIL were about 1.5 units greater
than those under SD.

‘Silver Princess’ showed no interaction between photope-
riod andVER for DTF, shoot height, or growth indexgble
3). Plants under Nlkequired 2 fewer DT,Rvere 7.1 cm (2.8
in) taller, and had a 7% lger growth index at first flower
than those under SD. Days to flower decreased linearly with
increasingER, and plants required 18 fewer DTF after 12
weeks ofVER compared to n¥ER (Table 3).There were
no differences amonyER treatments for shoot height.
Growth index changed quadratically with increasvigR,
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Table 2. Response of fivdeucanthemum xsuperbum cultivars to vernalization duration and natural short photoperiod or night-interrupted lighting 2

Vernalization (weeks)

Photoperiod 0 3 6 9 12 Significance/

‘Silver Princess’

Flower shoot number SD¥ —w 3k’ 5b 6"s s Lx*
NIL 5 8a 8a 8 6 Q**
Quality Rating SD ob 1.7a 1.9a 1.9a 2.3a
NIL 3.1 3.1* 3.1* 3.1* 2.8*
‘Snow Cap’
Days to flower SD 75a — 6la 53a 47a Lrxx
NIL 55b 52 48b 44b 38b L
Flower shoot number SD 1b — 2b 4b 6b L**
NIL 5a 9 lla 10a 11a L
Growth index SD 25.2b — 25.4b 23.6b 24.7b NS
NIL 27.9a 30.8 32.0a 26.7a 27.1a Qr**
Quality rating SD 0.3c Oc 1.1b 0.4c 2.7a
NIL 3.3b* 3.9a* 4.0a* 3.8a* 3.9a*
‘Snow Lady’
Flower shoot number SD — 8b 7b 8 8 NS
NIL 8 9a 1l4a 8 8 Q**
Quality rating SD 1.8b 1.9b 2.3ab 2.2ab 2.9a
NIL 3.1b* 3.6a* 3.3b* 2.9b* 2.3b*

‘Summer Snowball’

Quality rating SD 0.2b Ob 0.2b 0.1b 1.8a
NIL 2.4b* 2.9a* 2.7a* 2.1b* 2.4b*

ZInteractions between photoperiod and vernalization signifi€aatq.05).

YNon-significant (NS) or significant linear (L) or quadratic (Q) trenB at0.01 (**) or 0.001 (***).

*SD = short photoperiods, NIL = night-interrupted lighting.

“None of the plants flowered.

YMean separation within columns by single degree of freedom orthogonal cdtra&05, NS = not significant.

d poisd-swnud-yrewssyem-jpd-swid//:sdpy woly papeojumoq

“Quiality rating: 0 = no flowers; 1 = foliage not beyond pot rim, 1-4 flowers and buds (or when all flowers were open if plant had less than five flowers) ; 2 = anys-
one leaf up to 2.5 cm (1 in) beyond pot rim, 5-9 flowers and buds; 3 = any one leaf 5.0 cm (2 in) beyond pot rim, 10-13 flowers and buds; 4 = any one leaf '@6

cm (3 in) beyond pot rim, 14-17 flowers and buds; 5 = any one leaf greater than 7.6 cm (3 in) beyond pot rim, greater than 17 flowers and buds.
Mean separation for quality ratings in rows (lower case) and columns (*) using interaction t-tests, P = 0.05, from PROC GLIMMIX.
sGrowth index = (height + widest width + width 90°) / 3; all measurements in cm.

with the highest value occurring after 3 and 6 week&R. fected byWER , but showed a quadratic response to increas-
‘Silver Princess’ showed a facultative requirement for long ingVER under NIL.There was a 20% increase between low-
days to floweronly 70% of plants flowered under SD. Un- est and highest values withdast growth index occurring

der NIL, quality rating was highest after 0 to 9 weekgBR, after 6 weeks ofER. Growth index after 0, 6, 9, or 12 weeks
flower shoot number was highest after 3 to 9 week&=R, of VER were 1, 26, 13, and 10% greateespectivelyfor
and growth index was Igest after 3 and 6 weeks\dER. plants under NIL than those under SD. Quality rating was

‘Snow Cap’ plants flowered 100% under NIL, regardless highest after 12 weeks ¥ER under SD and lowest after 0,
of VER, while 49% flowered under SD4ble 1).The inter 6, or 9 weeks OVER, but there was no dérence in quality
action between photoperiod aMER was significant for ratings under NIL. Overall quality ratings under NIL were
DTF, flower shoot numbegrowth index, and quality rating  about 2.9 units greater than those under SD.

(Table 2). DTF decreased linearly with increasiiR un- ‘Snow Cap’ showed no interaction between photoperiod
der SD and NIL. Plants required 28 and 17 fewer DTF under andVER for shoot height @ble 3). Plants under Nhvere

SD and NIL, respective)yafter 12 weeks ofER compared 10 cm (4 in) taller at first flower than those under SD. Shoot
to noVER. Plants under Nlkequired 20, 13, 9, and 9 fewer  height changed quadratically with increas\fgR with the
DTF after 0, 6, 9, and 12 weeks\ER, respectivelythan tallest plants occurring after 3 weeks\ER. ‘Snow Cap’
those under SD. Flower shoot number increased linearly with showed a facultative requirement for long days to flower;
increasingVER under SD and NIL. Overall, flower shoot only about 50% of plants flowered under SD. Under NIL,
number under SD and NIL increased 338 and 131%, respec-quality rating, flower shoot numbheand growth index were
tively, after 12 weeks ofER compared to n¥ER. Flower highest after 6 weeks MER and shoot height was greatest
shoot number after 0, 6, 9, and 120f weeRgER were 269, after 3 weeks oER.

455, 148, and 95% greategspectivelyfor plants under NIL ‘Snow Lady’ plants flowered 100% under NIL, regardless
than those under SD. Growth index under SD was not af- of VER, while 69% of plants receiving 3 to 12 week¥BR
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Table 3. Response of fived_eucanthemum xsuperbum cultivars to vernalization duration and short photoperiod or night-interrupted lighting

Vernalization (weeks)

SO NIL 0 3 6 9 12 Significance
‘Silver Princess’

Days to flower 49*w 47 57 54 52 42 39 Lrxx

Shoot height (cm) 21.9 29.0%** 27.9 26.2 27.8 233 26.2 NS

Growth index 275 29.4* 27.9 30.3 304 25.9 28.1 Q**
‘Snow Cap’

Shoot height (cm) 17.0 27.0%** 23.9 26.6 243 24.1 21.3 Q*
‘Snow Lady’

Days to flower 49* 45 49 52 50 44 39 Lrrx

Shoot height (cm) 18.7 22.9** 22.4 22.8 24.0 17.8 19.6 Qr*

Growth index 22.2 23.0¢ 22.6 24.0 24.9 20.8 21.1 Qr**

‘Summer Snowball’

Days to flower 54 58s 65 61 58 52 52 Lrrx

Flower shoot number 2 6* 4 7 7 4 5 Q*

Shoot height (cm) 40.3 59.9** 50.3 64.8 62.6 61.0 45.8 Q*

Growth index 32.6 42.1* 38.9 44.6 43.9 42.4 34.2 Qr*

Interactions between photoperiod and vernalization not signifiBant0(05).

YSD = short photoperiods, NIL = night-interrupted lighting.

*Non-significant (NS) or significant linear (L) or quadratic (Q) trenB at0.05 (*), 0.01 (**), or 0.001 (***).
wSignificant atP < 0.05 (*), 0.01 (**), 0.001 (***) or non-significant (ns) based on mafefF test.
vGrowth index = (height + widest width + width 90°) / 3; all measurements in cm.

flowered under SD, but none of the plants under SD flow- after 3 weeks o¥ER. Overall quality ratings under Nikere
ered withouVER (Table 1) The interaction between photo- 0.8 units higher under NIL than under SD.

period and/ER was significant for flower shoot number and ‘Snow Lady’ showed no interaction between photoperiod
quality rating (Bble 2). Flower shoot number was not dif- andVER for DTF, shoot height, or growth indexgfle 3).
ferent under SD, but showed a quadratic change with increas-Plants under NIL required 4 fewer DTF and were 4.2 cm
ing VER under NIL.There was a 75% increase in flower (1.7 in) taller at first flower than those under SD but there
shoot number between the lowest and highest numbers un-was no diference in growth index. DTF decreased lingarly
der NIL with the highest flower shoot number occurring af- while shoot height and growth index changed quadratically
ter 6 weeks ofER and the lowest after 0, 9, or 12 weeks of with increasing/ER. Plants requiredlifewer DTF between
VER. Plants under NIL had 13 and 100% more flower shoots the lowest and highest valudhe highest values for shoot
after 3 and 6 weeks MER, respectivelythan under SD. height and growth index occurred after 6 weeKgBR, 35
The highest quality ratings under SD occurred after 6 to 12 and 20% higher than the lowest values, respectiwdiich
weeks ofVER while the highest ratings under Nbccurred occurred after 9 weeks ¥ER. ‘Snow Lady’showed a fac-

Table 4. Response of fivé.eucanthemum xsuperbum ‘Becky’ to vernalization duration and natural short photoperiod or night-interrupted lighting 2
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Vernalization (weeks)

0 3 6 9 12 Significance
Days to flower 63 59 56 46 45 Lxrx
Flower shoot number 8 6 8 8 7 Q**
Shoot height (cm) 454 57.9 66.1 47.9 61.1 Q**
Growth index 35.0 40.0 43.2 34.8 40.0 Q**
Quality rating 170" 2.4a 2.7a 2.8a 2.4a

“No data was recorded from plants under natural short days because none of the plants flowered, therefore the interactions between photoperiod and vernaliza
tion not testable.

ySignificant linear (L) or quadratic (Q) trendRat 0.01 (**) or 0.001 (***).

*Quality rating: 0 = no flowers; 1 = foliage not beyond pot rim, 1-4 flowers and buds (or when all flowers were open if plant had less than five flowers) ; 2 = any
one leaf 2.5 cm (1 in) beyond pot rim, 5-9 flowers and buds; 3 = any one leaf 5.0 cm (2 in) beyond pot rim, 10-13 flowers and buds; 4 = any one leaf 7.6 cm (3
in) beyond pot rim, 14-17 flowers and buds; 5 = any one leaf greater than 7.6 cm (3 in) beyond pot rim, greater than 17 flowers and buds.

“Mean separation for quality ratings in rows using méaiecet-testsP = 0.05, from PROC GLIMMIX.
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ultative requirement for NIL to flower; only 69% of plants
flowered under SD. Under NIL, quality rating and flower
shoot number were highest after 3 weekgER while shoot
height and growth index were highest after 6 week&R.

‘Summer Snowball’ plants flowered 100% under NIL, re-
gardless oVER, while 31% flowered under SD dble 1).
The interaction between photoperiod affER was signifi-
cant for quality rating (@ble 2).The highest quality ratings
under SD occurred after 12 weekd/&R while the highest
ratings under NiLoccurred after 3 and 6 weeks VBER.
Overall quality ratings under NIL were about 2 units higher
under NIL than under SD.

‘Summer Snowball’ showed no interactions between pho-
toperiod and/ER for DTF, shoot height, growth index, or
flower shoot number @ble 3). Plants under Nilequired 4
fewer DTF, were 19.6 cm (7.7 in) tallesind were 29% lger
than those under SD. DTF decreased linearhjle flower
shoot numbershoot height and growth index changed qua-
dratically with increasin§yER. Plants required 13 fewer DTF
after 12 weeks ofER when compared to MER. The great-

did not exhibit 100% flowering under SD unless they re-
ceived 12 weeks &fER, similar to ‘G Marconi’except that

16 weeks oWER were required (12) and similar to ‘Snow
Cap’that received 15 weeks WER (9) under SD. ‘Silver
Princess’, ‘Snow Cap’, ‘Snow Lady’, and ‘Summer Snow-
ball’ plants under Nliflowered earligrwere lager, had more
flower shoots, and had a higher overall quality rating than
plants under SD. In this studincreasingER decreased
DTF in ‘Snow Lady’'contrary to Damann and/ans (4) who
found fastest flowering in non-vernalized plants. Likewise
in this study‘Snow Capflowered fastest under Niafter 12
weeksVER while Runkle et al. (9) found fastest flowering
with = 3 weeks oWVER.

In ‘Silver Princess’, ‘Snow Cap’, ‘'Snow Lady’, and ‘Sum-
mer Snowball’ shoot height and growth index were highest
under NiLafter 3 and 6 weeks MER, flower shoot number
was highest after 3 to 9 weeks\WER, but DTF was least
after 12 weeks o¥ER. In ‘Becky’, plant growth character
istics and quality were improved by 6 and 9 weekgBR
under NIL.Therefore, NlLafter 3 or 6 weeks &fER would

est shoot height and growth index occurred after 3 weeks of maximize plant size and quality for practical application but

VER with a 42 and 30% increase, respectivedgween low-

result in more DTF when compared to 12 weeKgBR.

est and highest values. Flower shoot number was highest af-

ter 3 or 6 weeks OfER with 3 more shoots than at the low-
est value."Summer Snowball’ showed a facultative require-
ment for NILto flower, only 31% of plants flowering under
SD. Under NIL, quality rating was highest after 3 weeks of
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