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Summary: 
Flower induction of many 
plant species is synchronized 
temporally during the year by 
utilizing changes in day or 
night length. Commercial 
potted plant growers have 
used photoperiod manipula- 
tion to induce flowering of 
short-day plants on a year 
round basis. A lack of appli- 
cation of photoperiod to ma- 
nipulate growth of current 
spring annuals has, in part, 
been due to the lack of infor- 
mation identifying the photo- 
periodic classifications of 
each species. This paper out- 
lines a series of experiments 
that identified the photoperi- 
odic group classifications and 
responses to supplemental 
irradiance of 28 spring annual 
species. No species studied 
were identified as obligate 
short-day plants. Most spe- 
cies were either obligate or 
facultative long-day plants. 
Species in which growers 
have traditionally had diffi- 
culty in producing marketable 
flowering plants in spring 
tended to be obligate long-day 
plants. In contrast, a number 
of species that tend to flower 
later in the season than desir- 
able were identified as facul- 
tative short-day plants. In 
addition, species varied in 
their flowering response to 
supplemental lighting treat- 
ments. Leaf number below 

the first flower was affected 
by the addition of supplemen- 
tal lighting under inductive 
conditions with approx. one 
half of the species studied. 

Introduction: 
Flower induction of many 
plant species is synchronized 
temporally during the year by 
utilizing changes in day or 
night length (Gamer, and 
Allard, 1920). The common 
term for dayhight length con- 
trol of physiological phe- 
nomenon is ‘photopcriodism’. 

Photoperiodic responses 
of plants can be divided into 
three distinct groups: short- 
day: long-day, and day- 
neutral. Short-day plants re- 
quire a night length longer 
than a specific number of 
hours for flower induction to 
occur. Long-day plants re- 
quire a night length shorter 
than a specific number of 
hours for flower induction to 
occur. Day-neutral plant 
flower induction is unaffected 
by daylength but is often af- 
fected by the total irradiance a 
plant is exposed to during a 
24-hour period (Bemier et al., 
1993). Within the short and 
long-day  pho tope r iod ic  
groups, plants can exhibit a 
facultative (quantitative) or an 
obligate (qualitative) re- 
sponse. Flowering of plants 
with a facultative response is 
hastened by the identified 

photoperiod. In contrast, 
plants with an obligate re- 
sponse must have the identi- 
fied photoperiod to flower. 

Commercial potted plant 
growers have used photope- 
riod manipulation to induce 
flowering of short-day plants 
on a year round basis. For 
instance , Den dra  n t h em a 
g r a n d i j I o r a  T z v e l v .  
(chrysanthemum) flowering is 
induced by pulling a cloth 
over plants to provide a short- 
day environment during long- 
day periods of the year. 
Seeley (1989) classified a 
number of bedding plant spe- 
cies into appropriate photope- 
riodic response groups. IJo\v- 
ever, photoperiod manipula- 
tion in spring annual produc- 
tion is rare and is limited pri- 
marily 10 the shadirig of the 
o b 1 i gate p I ant 
Tugeta erccfu L. seedlings 
after mid-March (in temperate 
regions) to insure flowering. 

The increased emphasis 
on scheduling bedding plant 
production has been driven 
primarily by demands of mass 
marketers for consistency in  
product and the presence of 
flowers when plants are mar- 
keted. In addition, increased 
price pressures have led to a 
desire among growers to has- 
ten flowering to reduce pro- 
duction costs. A lack of ap- 
plication of photoperiod to 
manipulate growth of current 

short - day 



5 0  YEARS O F  SERVICE UM I M N L A  M I N N E S O T A  C O M M E R C I A L  FLOWER GROWERS BULLETIN JANUARY 2001 - PAGE 13 

spring annuals has, in part. 
bcen due to the lack of infor- 
mation identifying the photo- 
periodic classifications of 
each species. This paper out- 
lines a series of experiments 
that identified the photoperi- 
odic group classifications and 
responses to supplemental 
irradiancc of a number of 
spring annual species. 

Materials and Methods 
A series of experiments were 
conducted in St. Paul, Mitine- 
sota (U.S.A.) from Sept. 1, 
1999 - May I ,  2000. Seed of 
Ageratum houstonianum Blue 
Danube’, Anethum graveolens 
L. ‘Mammoth’, Antirrhinum 
iilajus Schott. ‘Floral Showers 
Crimson’, Calendula oJ?ci- 
nalis L. ‘Calypso Orange’, 
Celosiu pluriiose L. ‘Flamingo 
Feather Purple’, Cleoiiie has- 
.sleriunu Chodat .  ‘P ink  
Queen’, Cot~vnlvulus tricolor 
L. ‘Blue Enchantment’, Cos- 
t i ios  hipinriatiis Cav. Ann. 
‘ W h i t e  Sensa t ion ‘  and  
‘ Dia blo ‘ , Diaiitliirs chiiicwsis 
t.. ’Idcal Cherry I’icotee’, Di- 

Guzuuiu t ? , y c w s  L. ‘Daybreak 
Red Stripe’. Goiiiphtxwa glo- 
ho.w L.. ‘Bicolor Rose’. He- 
1ijitei.ziiii ro  s e i i r i i  FI oo k . ,  
Lavatera tt?t)ic~.yttY.s L. ‘Silver 
Cup’, Liti1iiutithe.s douglusii 
R. Rr..  Lituoiiiuiii .sitiuatuni 
(L.) hlill. ‘Fortress Deep 
Rose’. L ~ t i i i i ~ i u  iiiaroccuria 
Hook. f:. Lohtziici rririiis L. 
‘Crystal Palace’, .4fiti1i41us s 
h jh  ridus L . ’ kl a g i c ’ . .I fire h i- 
lis j a l a p  L., ,Vetiiopliil(i 
iiiucirluta Benth. Ex.  Lindl. 
‘ Penn i e ,Vicotiu iia 

data Link & Otto ‘Domino 
b’h  i te ’ , ;vigc’/:a dutii (i cwtia L,. 
‘Miss Jekyil’. Oi?guilur?l viil- 

Snl\,iu sjdcilciwrs F. Sellow ex 
Kheom. S: Schult. ‘Vista 
Red’, Silctre armeriu L., 

r l l o r j ~ ~ l o t / l ‘ ~ ~ ~ ~ i  pluw1lG DC., 

B 1 ac k ’ . 

gore L., t’clpcl\‘rr t.hoeu.s L., 

Tithonia roturidifoliu Mik. 
‘Fiesta del Sol’, and Zinnia 
elegans Jacq. ‘Peter Pan Scar- 
let’ were germinated in a soil- 
less media (Universal Mix, 
Strong-Lite Horticultural 
Prod.. Pine Bluff, Ark., USA) 
under periodic mist ( 5  sec 
every 10 min). Air tempera- 
ture was maintained at 22- 
2422C’. After germination 
and after cotyledons were 
horizontal to the media sur- 
face, 28 seedlings of each 
species were transplanted to a 
4-pack plastic containers 
(1204 tray). A pack contain- 
ing 4 seedlings of each spe- 
cies was then placed under 
each of six different lighting 
environments (see below) for 
photoperiod group identifica- 
tion and identification of 
flower induction responses to 
irradiance. 

Lighting Treatments: 
Short-day (8 h photope- 
riod (ambient daylight 

Short-day + 25 umol ni-‘ 
s-’ using high-pressure 
sodium lamps from 0800- 
1600 HR. 
Short-day + 50 umol m-’ 
s-’ using high-pressure 
sodium lamps from 0800- 
1600 FIR. 
Long-day (natural photo- 
period + night interrup- 
tion lighting from 2200- 
0200 HR using incandes- 
cent lamps (2 irtnol m-l s- 
9). 
Long-day +- 25 umol m-* 
s-’ using high-pressure 
sodium lamps (0800- 
0200 HR). 
Long-day + 50 umol m-* 
s-’ using high-pressure 
sodium lamps (0800- 
0200 HRj. 

0800- 1600 HR)) 

Plants were watered as 
needed and fertilized continu- 
ously through the irrigation 

water with a balanced fertil- 
izer (Miracle-Gro Excel 15-5- 
15 Cal-Mag, The Scotts Co., 
Marysville, OH, USA) at a 
rate of 200 mgil N. Data 
were collected on leaf number 
below the first flower when 
the first flower opened on 
plants that flowered. Plants 
were classified as ‘non- 
flowering’ if flowering did 
not occur for 20 weeks. The 
experiment was replicated 
twice over time for most spe- 
cies. Data were analyzed 
through analysis of variance 
and mean separation using 
Tukey’s HSD. 

Results and Discussion 
Photoperiodic Responses 

Species varied in 
their response to lighting 
treatments across most photo- 
period response groups (Table 
1 ;  pg. 15). Identification of 
p h o t o p e r i o d i c  r e s p o n s e  
groups was based on the fol- 
lowing criteria: 

obligate short-day plant 
(flowering only under 
short-day conditions), 
fa c u 1 tat i v e s h or t - d a y 
plant (lower leaf number 
under short-day condi- 
tions versus short-day 
plus night interruption 
lighting treatment), 
obligate long-day plant 
(only flower under long- 
day conditions), 
facultative long-day plant 
(lower leaf number under 
the ambient daylight 
(short-day) plus night 
interruption treatment 
(NI) compared to the 
short-day treatment, 
day-neutral plant (equal 
leaf number under the 
short-day and ambient 
daylight (short-day) plus 
night interruption (NI) 
treatment). 
Positive irradiance re- 
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sponse (reduced leaf 
number as  irradiance in- 
creased under inductive 
conditions). 
No irradiance response 
(no impact of  increased 
irradiance under induc- 
tive conditions on leaf 
number). 

No species studied were 
identified as obligate short- 
day plants. Most species 
were either obligate or facul- 
tative long-day plants. Spe- 
cies in which growers have 
traditionally had difficulty in 
producing marketable flower- 
ing plants in spring tended to 
be obligate long-day plants 
( A .  gruveolens, H. roseunz, L. 
trim es tris , L . do uglas ii, L . 
erinus, M .  x hybrida, N. dani- 
ascetza, S. urtneria). In con- 
trast, species that tend to 
flower later in the season than 
desirable were identified as 
facultative short-day plants 
(C. pluniosu, C. hipinnatus, 
G. glohosu, Z. eleguns). 

Clearly. identification of 
photoperiodic requirements 
for tlowering of :i 5pecit's al- 
lows more precise scheduling 
of  these species. For instance. 
difficulty in flomwing iobli- 
g a t e  fa c u 1 tat i ve  I o TI g - d a y  
plants can he alleviated by 
delivery o f  long-day condi- 
tions when ambient short-day 
conditions are prevalent. In 
contrast, covering some spe- 
cies with black cloth to de- 
liver short-day conditions un- 
der ambient long-day condi- 
tions would induce earlier 
f l o w e r i n g  o f  o b l i g a t e /  
facultative short-day plants. 
W e  are currently identifying 
the length of time and appro- 
priate developmental time in 
which to deliver inductive 
treatments. 

Resuonse to Irradiance 
Species varied in their 

flowering response to supple- 

mental lighting treatments 
(Table I ) .  Leaf number be- 
low the first flower was unaf- 
fected by the addition of  sup- 
plemental lighting under in- 
ductive conditions with most 
species. However, supple- 
mental lighting did hasten 
flowering (developmentally) 
of C. t r i cdw,  C. bipinnutus, 
G. rigens, L. trimcstris, L. 
sinuutum, L. muroccunu, N. 
niaculata, N. data. 0. I U I -  
gure, P. rhocas. and S. ur- 
meria. 

Prefinishing 
Although early flowering 

is desirable with some species 
it is not always beneficial. 
Excessively early flowering 
induced by a combination of 
inductive photoperiod and 
irradiance conditions can re- 
duce garden performance. an 
indeed, performance while 
finishing a crop in the green- 
house. Caution must bc uscd 
when inducing llowering us- 
ing lighting or black cloth a <  
early induction of' sonic 'pc- 
c i e s  s u c h  :is !' ni/ 
(unpublished data! i m  result 
i t i  reduced garden per? (1 rii I-. 

have sufficient f o l i a p  I ( .  
port flowering. ui- 2 1  ii'., ':i !!it, 

case of  vines. may i i o t  de- 
velop a desirab!i: \ ining habit. 
A 1 tern at  i v e 1 y , excess  i v e I y 
early flower induction o f  I'i- 
ola x lvittrockiutiu grown dur- 
ing the summer (high irradi- 
ance t long-days) can result 
i n  very early flowering prior 
to branching and reduccs 
greenhouse flat filling and 
garden performance (persona! 
obsernation). Lastly, although 
earlier flower is beneficial for- 
some seedling5 destined to be 
finishcd in bedding plant flats, 
those seedlings destined for 
lager containers may not 
branch sufficiently to f i l l  the 
container. 

ante the plant 1 )  i l l ; !>  EO; 

50 YEARS OF SERVICE 

Young plant gro\vers will 
likely use this information to 
more precisely schedule  
spring annual crops. Group- 
ing of  species by photoperi- 
odic and/or irradiance needs 
for early flower induction can 
allow growers to effectiwly 
time flowering of  these crops 
as  is done with many short-  
day requiring potted plant 
crops. Lighting treatments 
will also vary with the desired 
finishing size of  a markctablc 
container. Further research is 
needed to identifying photo- 
periodic response groups, t i n -  
ing of  lighting treatments 
(developmentally and the 
needed duration for an impact 
on induction), and ultimate 
impact on garden perform- 
ance. 
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Table 1 .  Response of spring annual species flowering to lighting treatments. Data on leaf nuniber below the first open flower are 
reported as wril as appropriate photoperiodic and irradiance classifications. Short-day (8 hour photoperiod)(SD), Long-day (natural 
photoperiod t night iriterr-uprion lighting from 2200-0200 IIR using incandescent lamps (2 umol m-2 s-I)) (NI). Supplemental Iight- 
ing p 2 . 5  o r  4 50 umol rK2 s-’) was delivered during short-day (short-day treatments 0800-0400 HR) or as a day extension (0800-0200 
i f  K 1 (long-day trcatments). Letters denote mean separation comparisons across lighting treatments utilizing Tukey’s HSD 
(alpha=O.O:) 

Plant Lighting Treatment 

~ - -___ - - 

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Short-Day Long-Day Classification 

. - .. . - - - - - - -. . - - - - - - . - -. - - - - - - - _ _  _ _  ................................. 
sr) +25 tso NJ 1-25 +SO Photoperiod Irradiance 

9a 8a 
8a 

8a 7b 
7a 7a 

FLDP 0 ‘  
OLDP 0 

, , I ~ ~ u t ~ t t ~  / io l l . \ i (~ t i [ l f t t l l~ / t i  L. ‘Blue Ilanubc‘ 03 ‘ 03 
Arietliiirii gruccderi.s L. ‘Mammoth’ 
,4ririrrhitiur?i viupi.~ Sc hott . 

’Floral Showers Crimson’ 9b I l b  
Culetidulu qffiiiriulis ‘Calypso Orange’ 16b 16b 
C‘elosiu pliiriiosa L. ‘Flamingo 

Feather Purple’ 15a 14a 
Cleoriie liassleriuriu Chodat ‘Pink Queen’ 29b 3 1 b 
Corivo1vulu.s tricolor L. ‘Blue Enchantment’ - 
C ‘osrti 0.7 hip in riu tus Cav . Ann. 

‘White Sensation’ 8a 7a 
Ch.nnos hipititiutus Cav. Ann. ‘Diablo’ 6a 7a 
Diunthus chinensis L. ‘Ideal Cherry Picotee’ 10b 
Dini orji h oth e m  plii vulis D C . 
Guzirtiiu rigetis L. ‘Daybreak Red Stripe’ 
(-;orTiji/zretiu glohosir L. ‘Bicoior Rose’ 5a Sa 
Iiclipteruiii roseiitri Hook. 
L u t m t e t a  t r im~s t r i .~  L. ‘Silver Cup’ 
L itti iiaii th C>.P doirglusii R. Br . 
Lir,ioriiurii .sitiicutirrti (L . )  Mill. 

‘Fortress Deep Kose’ 37b 36b 
Litiuriu triurocuitiu I1ook.f. 23c 28c 
Lohelia m ‘ t i i t s .  L .  ‘Crystal Palace’ 
Miniulus x hj.hridii,s L. ‘Magic‘ 
hlirirhilis jaltrpu L. 
A.’c.mophilu muculutu Benth. Ex Lindl. 

Nicotiur7a nlutir Link & Otto 

Nigellu dciiiiusccnu L. 

U 

1 Ib 

- 

‘Pennie Black‘ 

’ Doniin o W ti i te’ 33b 32b 

’1Zis.i Jekyll’ 
Ot./gu l l  i l l11 w / g u r c ~  L . 
P‘i\Yi v l , l -  1.11 (l‘~lJ.\ L. 
SkI\~iri . < p / c ~ t d ~ t i ~  F, Sellow ‘Vista Red’ 9b Xa 
Sileric u r w c u ~ i  L. 
Titho~i;ii )./jfi(/id(titlia Mill. ‘Fiesta Del Sol’ 12b 12b 
Ziririiu c l / cyc i i i \  Jacq. ‘Peter Pan Scarlet’ Sa Sa 

-_____-_____--_------ -.. - 

1 Ob 
1% 

6a 
12a 

7a 
13a 14a 

FLDP 0 
FLDP 0 

16a 
31b 

OSDP 0 
FLDP 0 
DNP + 

2% 25a 25a 
14a 15a 

9a 
6a 
1 Ib  

25b 
8b 
8a 

8a 
7b 
67a 
9a 
9a 

26b 20c 
9b 9b 
8a 8a 
22a 36b 
5b 6b 
6b 7b 
54a 61a 
6b 7b 
9a 5b 

FSDP 
FSDP 
FLDP 
DNP 
OLDP 
FSDP 
OLDP 
OLDP 
OLDP 

+ 
0 
0 

+- 
5 a 0 

0 

32a 32a 
14b 
8a 
4a 

31a 31a 
7a 1 lab 
7a 8a 
4a 4a 
10a IOa 

FLDP 0 
FLDP t 
OLDP 0 
OLDP 0 
OLDPiDNPO 

28c 19a 8b DNP t 

33b 33b 15a 16a DNP t 

6a 7a 5a 
8a 6b 
20a 1Sb 
7a 8a 
14ab l l a  
10a I l a  
6ab 6ab 

OLDP 0 
DNP + 
DNP + 
FLDP 0 
OLDP + 
FLDP 0 
FSDP 0 

8a 

1 l a  
5a 

~ 

7a 
15b 

7b 

/ denotes that no plants flowercd 
11c;iti I c ~ i f  ii:iiiibcr 
l ) I i ~ ~ ? q w i o d  clwiificaticns: FSDP (facultative short-day plant); FLDP (facultative long-day plant); OLDP (obligate long- 
d,i! pian:. DNP (day tlcutiiil plant). 
Irrdiancc classifications: .+’ (supplemental irradiance hastened induction developmentally); ‘0’ (no response to irradi- 
an ce ) . 
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(Lily Leaf Counts--continued from page 11) 

Table 1. Yearly average counts of the number of inner and outer scales and leaves initiated during late October, prior to the com- 
mencement of vernalization, for 8-9” (20-22 cm) bulbs of Lilium longzflorunz ‘Nellie White’. 

Number of Number of Number of 
Year outer scales inner scales leaves initiated 
1984 38.4 55.0 20.2 
1985 38.4 45.3 25.7 
1999 47.9 40.7 13.2 
2000 45.2 49.4 23.4 
Average 42.5 41.6 20.2 

Table 2. Yearly average counts] of the number of leaves on case cooled and controlled temperature forcing (CTF) Lilium longgo- 
rum ‘Nellie White’ plants (8-9”, 20-22cm bulbs). Leaf counts were conducted as soon as possible after flower bud initiation, on 
January 2Sth (approximately) of each year. 

Year Case cooled CTF 

89.0 1969 ---- 
1970 89.6 90.5 
1971 69.6 89.6 
1972 70.2 90.0 
1973 67.8 83.0 
1974 80.0 87.3 
1975 73.8 77.4 
1976 71.9 82.3 
1977 56.3 65.1 
1978 65.6 74.5 
1979 ---- 79.3 
1980 ---- 69.7 
1981 ---- 76.8 

70.8 1982 _ _ _ _  
1983 ---- 76.8 

83.2 1984 ---- 
1985 ---- 93.6 
1986 87.2 84.1 
1987 82.0 93.0 
1999 85.2 89.4 
Average 74.9 82.3 

2 

Counts from 1969-1987 are from H.F. Wilkins, Professor Emeritus in floriculture, University of Minnesota. 
Few, if any, ‘Nellie White’ Easter lilies were produced via case cooling during these years. 

I 
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