
Temperature 
(°F) 

Days from visible 
bud to flower 

Decrease from visible bud 
to flower associated with 
5°F temperature increase 

55 42 4 days 
60 38 4 days 
65 34 3 days 
70 31 3 days 
75 27 2 days 
80 25 1 days 
85 24 0 days 

Table 1. The effect of temperature on the rate of lily development from the 
visible bud stage until flower. 
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The basics on 
light and 

• 

by John E. Erwin, Royal D. Heins, 
Meriam Karlsson, Robert Berghage, William Carlson 

and John Biernbaum 

The process of flowering an Easter 
lily consists of two major phases: 
the programming or cooling 

phase and the forcing phase. The lily 
bulb is exposed to cold temperatures to 
promote bolting and flower induction 
during cooling. The cooled lily initiates 
flowers and flowers in the greenhouse 
during the forcing phase. This article 
discusses the influence of light and 
temperature on lily morphology and 
rate of development during forcing. 

Light, quantity and quality 
Light quantity and quality influence 

Easter lily morphology but do not influ-
ence rate of plant development. 

The three plants in Figure 1 show that 
light does not influence the rate of lily 
development. These plants were 
grown in the same greenhouse at the 
same temperature but with different 
photoperiods, varying from two to 
eight hours (right to left) resulting in at 
least a fourfold difference in the 
amount of light which the plants re-
ceived during forcing. All three plants 
flowered at the same time; however, 
their height and appearance were 
vastly different. 

Certainly light has an indirect effect 
on rate of plant development. Bright, 
sunny days result in warmer green-
house air and warmer plant tempera- 

tures. Warmer plant temperatures re-
sult in faster plant development. 

In general, lily plant height and leaf 
length increase as the light level during 
forcing decreases. Also, bud abortion 
increases when the amount of light is 
low. One may argue the increase in 
plant height shown in Figure 1 was due 
to a shortened photoperiod. 

We do not believe this is the case 
based on other experiments. In these 
experiments, plants grown with four-
and eight-hour photoperiods were 
shortest. Increasing the daylength to 
longer than eight hours per day in-
creased plant height. Decreasing day-
length below four hours also resulted 
in taller plants. We believe the in-
creased height with longer photoperi-
ods was a plant photoperiodic re-
sponse. On plants grown with less 
than four hours of light, the increase in 
plant height was due to low light. 

Light quality also influences Easter 
lily height at flower. Light sources high 
in far-red light, such as incandescent 
lights, increase plant height. Light 
sources high in red light such as sun-
light and fluorescent light result in 
shorter plants. 

The quality of light a lily receives at 
the end of the day or during the middle 
of the night is particularly important in 
determining plant height (Figure 2). 

Figure 1: The effect of light quantity 
on the rate of Easter lily development 
and plant appearance at flower. 
Plants were grown with either 2-, 4-
or 8-hour photoperiods (right to left). 
Mr Norman Blakely is shown with 
the plants. 

Night interruption lighting with incan-
descent light for one or two weeks after 
emergence to ensure proper program-
ming or flower induction (the insur-
ance policy developed by Dr. Harold 
Wilkins, University of Minnesota) will 
normally result in minimal increases in 
final plant height. However, night in-
terruption lighting later than two 
weeks after emergence may result in 
significant increases in plant height. 
Likewise, nighttime light pollution 
from incandescent lights that are used 
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Easter lilies: 
temperature 

to keep chrysanthemums vegetative 
will increase final lily height. Light 
pollution from high pressure sodium 
lamps will also increase plant height 
due to longer photoperiods. This in-
crease, however, will not be as great as 
that from incandescent light pollution. 

Effects of temperature on growth 
Temperature influences both the rate 

of Easter lily development and final 
plant morphology. The effect of tem-
perature on the rate of lily development 
differs during different stages. 

The rate of leaf unfolding in the 
Easter lily is a linear function of average 
daily temperature between 55°F and 
85°F (Figure 3). Because the effect is 
linear, a temperature increase from 55° 
to 60°F results in the same increase in 
the rate of leaf unfolding as an increase 
in temperature from 80° to 85°F While 
the leaf unfolding rate increases at tem-
peratures above 70° to 75°F, high tem-
peratures are not recommended due to 
increased root loss, leaf yellowing and 
flower bud abortion. 

The effect of temperature on the rate 
of lily development after visible bud is 
not linear. Instead, increasing tempera-
ture has a diminishing effect on acceler-
ating the rate of plant development. 
The greatest reduction in the time from 
visible bud until flower occurs is when 
the temperature increases from 55°F to 
70°F (Table 1). Increasing average tem-
peratures above 72°F does not signifi-
cantly reduce the time from visible bud 
until flower. Further, average tempera-
tures above 72°F increase the incidence 
of root loss, leaf yellowing and flower 
bud abortion. 

The Easter lily is thermomorpho-
genic, which means temperature influ-
ences plant morphology. Easter lily 
morphology is also thermoperiodic. 
That means plant growth responds dif-
ferently to day temperature and night 
temperature. Plant height increases as 
day temperatures increase from 55°F to 
85°F (Figure 4). In contrast, lily height 
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Figure 3: The effect of increasing average daily temperature on the rate of leaf 
unfolding on the Easter lily. 

Difference Between Day And Night Temperature (°F) 
Figure 7: Relationship between Easter lily plant height at flower and the 
difference between the day and night temperature (day temperature—night 
temperature) that the plants were grown under. 
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Will A Freight Train 
Fit Into Your 

Greenhouse? 

Maybe Not" 
But The EASY-RIDER 

MONORAIL SYSTEM Could 
Give You A Few Hundred Feet Of Track 
And A"Train" Of Pot Or Flat Carriers 

The "EASY RIDER" manual trolley system can be a valuable labor-saving device when 
handling flats and pots around the greenhouse. It works particularly well where 
aisles are too narrow for normal carts, floors are rough and uneven, or 
greenhouses are located at different levels. The trolley glides easily on an overhead 
pipe rail. The rail does not shade the plants and is always clean and smooth running 
The plant-carrying trollies can each carry up to 20 flats and glide over the top of the 
benches rather than in the aisles. The trollies can be easily joined together to make 
"trains" which can move 100 flats or more. 
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Rapid Reply Card No. 295 

and a grower might be growing for 
several other chains. So he has to sepa-
rately tag and identify all of that chain's 
plants. This is going to involve a lot of 
hand labeling at the time of shipping." 

Tim made an interesting point about 
the Meijer chain—a very large general 
merchandise and food chain through 
Michigan and Ohio mostly. At Meijer 
you pay for bedding plants and pot 
plants in the garden center area—not at 
the general checkout counters. Which 
means that the few people who are 
working checkout in this area will tend 
to know products and prices very 
well—thus minimizing the need for 
bar coding. The checkout people in this 
area will know nothing about 95% of 
the items in the store—but they will 
know a lot about the 5% of floral. 

Also, Tim sees coding as tending to 
de-emphasize proprietary varieties. To 
whatever extent the industry has got-
ten used to Ringo red geraniums or 
Pink Magic petunias, there will be less 
of this just because identifying varieties 
on codes would greatly compound the 
whole problem. Too bad. 

Comments from salesmen 
We hear the same thing from several 

salesmen: A lot of US bedding plants 
are grown and sold by small local 
growers and small individual garden 
centers, and bar coding is too expen-
sive, too complex for this type of retail-
ing today. But you've got to face the fact 
that the mass outlets are handling an 
increasing part of US pot plants and 
bedding plants. 

To conclude 
That's the way it all looks to us as of 

September '87. Surely this will all 
change, evolve rapidly. Again, codes 
are coming. If mass markets are for 
you, better do some digging here. 

Company references 
Conant Iron Works, 2 Pleasant Street, Box 558, 

South Asburnham, Massachusetts, 01466, (800) 
426-6268, in Massachusetts, (617) 827-4508; 
automatic flat tagger. 

Dennison Manufacturing Co., 300 Howard 
Street, Framingham, Massachusetts 01701, (617) 
879-0511, ask for Mark Zacoaria; computerized label 
generators and manual gun coded label applicators. 

Javo USA Inc, 1109-1111 Cobb Parkway, Marietta, 
Georgia 30062, (404) 428-4491; automated pot/flat 
filling machines compatible with UPC code computer-
generated label applicators. (System marketed through 
Vaughan's below.) 

The John Henry Co., 5800 West Grand River, 
P.O. Box 17099, Lansing, Michigan 48901-7099, 
(517) 323-9000; preprinted coded tags. 

Monarch Marking Systems, #1 Kohnle Drive, 
Miamisburg, Ohio 45342, (800) 243-4015, ask for 
Steve Rike; manual gun coded label applicators. 

Park Products Inc., 3501 8th Avenue South, St. 
Petersburg, Florida 33711; computer-generated 
labeling equipment. 

Vaughan's Seed Co., 5300 Katrine Avenue, 
Downers Grove, Illinois 60515, (800) 323-7253, (312) 
969-6300, ask for Bill Doeckel; completely automated 
UPC label production systems. 
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TEMPERATURE AND NIGHT 

• TEMPERATURE ON CILIUM 
LONCIFLORUM MORPHOLOGY 

leNIGHT TEMPERATURE-0 
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THE INFLUENCE OF DAY 
TEMPERATURE AND NIGHT 

• TEMPERATURE ON LILIUM 
LONGIFLORUM MORPHOLOGY 

22° DAY TEMPERATURE 
AT FLOWER 
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._   NT 18 

Figure 4: The effect of increasing day temperature from 57°F 
(14°C) to 86°F (30°C) on Easter lily plant height at flower 
while maintaining a constant 57°F (14°C) night 
temperature. 

Figure 5: The effect of increasing night temperature from 
57°F (14°C) to 86°F (30°C) on Easter lily plant height at 
flower while maintaining a constant 72°F (22°C) day 
temperature. 

decreases as night temperatures in-
crease from 55°F to 85°F (Figure 5). 

Combining the effects of day and 
night temperature on plant height, we 
find that the relationship between day 
and night temperature determines lily 
plant height—not absolute tempera-
ture. Each of the four plants shown in 
Figure 6 have a night temperature 7°F 
(4°C) warmer than the day tempera-
ture. Although each of the plants 
flowered at different times, they all  

flowered at the same height. A conve-
nient way to quantify the relationship is 
to subtract the night temperature from 
the day temperature. This number is 
the difference between the day and 
night temperature (DIF). Plant height 
increases as DIF increases (Figure 7). 

Leaf orientation, the position of the 
leaf tip relative to the leaf base, is also 
strongly influenced by DIF (Figure 8). 
The relationship between DIF and leaf 
orientation is similar to that seen with  

plant height. Leaf orientation increases 
as DIF increases—leaf orientation is 
near horizontal when DIF is zero, up-
right with a positive DIF and curved 
downward with a negative DIF. 

Some leaf chlorosis or yellowing oc-
curs whenever the night temperature is 
greater than the day temperature, i.e. a 
negative DIF (Figure 9). 

The amount of chlorosis depends on 
how much warmer the night tempera-
ture is than the day temperature. The 

MULTI-VEYOR 

the 
MULTI-SECTION 

CONVEYOR SYSTEM 

• Each section is 121/2  ft long 
• Lightweight, portable 
• Variable Speed, Reversible 
• Plug into any 110v outlet 
• Stackable for easy storage 
• Use as an assembly line 
• Use the length needed for each job 

I I Tell me more about Multi-veyor. 

W.L.V. Sales Co. 
130-13 Bodman Place, Red Bank, NJ 07701 

Phone (201) 747-5805 In Florida (813) 787-2805 
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Photoperiod (Hours Of Light) 
Figure 2: The effect of photoperiod length and light quality on Easter lily height 
at flower. Plants were grown with four or eight hours of sunlight. Daylengths 
greater than eight hours were extended with incandescent light or red light from 
a fluorescent lamp. 

chlorosis is not persistent and lasts ture. Raising the day temperature 
about two weeks. Leaf chlorosis disap-  above the night temperature is not nec-
pears rapidly when the day tempera-  essary as the plants green up by flower-
ture is raised above the night tempera-  ing time. 

Figure 9: The effect of growing Easter 
lilies at either a negative 18°F (10°C) 
difference, no difference or a positive 
18°F (10°C) difference for seven 
consecutive days following flower 
initiation. 

The response of the Easter lily to DIF 
is rapid. Both stem elongation and leaf 
orientation responses to DIF occur 
within 24 hours and is very obvious 
after seven days (Figure 9). Not only is 
chlorosis present after a single day/ 
night cycle with a negative DIF, but so is 
a change in leaf orientation. Stem 
elongation has also slowed after one 24 

ARE YOU A FLOWER BULB 
FORCER WHO WANTS TO 

EXPAND YOUR PRODUCTION? 
If your answer is yes, then the International Flower Bulb Center in 
Hillegom, The Netherlands, can help you. As part of our foreign 
extension service, we will assist you on how to grow beautiful 
cut flowers from Dutch-grown flower bulbs. This season we will again 
send you FREE technical bulletins from September to April. 

Dr. August De Hertogh, from North Carolina State University, who 
has much experience in forcing flower bulbs, is cooperating and 
will write 4 special information bulletins on the forcing of flower 
bulbs as potted plants. 

Return this order form for your free subscription! 

EYES, please send me your free monthly bulletin on forcing. 
Information about cut flowers:  
I AM INTERESTED IN: tulips, daffodils, Dutch iris, hyacinths, etc. YES/NO 

lilies, gladioli, liatris, etc. YES/NO 
Information about flower bulbs as  potted  plants: 
I AM INTERESTED IN: hyacinths, tulips, daffodils etc. YES/NO 

oxalis, calla, freesia, lily etc. YES/NO 

Name (please print): 	  

Company name 	- 

Street address: 	  

City: 	  State: 	 Zip 	- 
MAIL TO: 
International Flower Bulb Center, P.O. Box 172, 2180 AD HILLEGOM, The Netherlands 
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TEMPERATURE AND NIGHT 
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Figure 6: Appearance of Easter lilies at flower when grown 
under four temperature regimens where the day 
temperatures were 7°F (4°C) warmer than the night 
temperatures. Plants grown at higher temperatures 
flowered earlier than plants grown at cooler temperatures. 
As plants grown at higher temperatures flowered, they 
were placed in a cooler until all plants grown at cooler 
temperatures flowered. The photograph was then taken. 

THE INFLUENCE OF DAY 

TEMPERATURE AND NIGHT 

TEMPERATURE ON LILIUM  

LONGIFLORUM MORPHOLOGY 

LIGHT 70 UHOL 9.' 11' 

l4°C DAY TEMPERATURE 

DAY 49 

Figure 8: The effect of increasing night temperature from 
57°F (14°C) to 86°F (30°C) on Easter lily leaf orientation 
when the day temperature was maintained at 57°F (14°C). 

P. 

hour cycle with a negative DIF. 

Conclusions 
The rate of lily development and 

plant morphology are affected by tem-
perature. Light influences plant ap- 

pearance, but not the rate of plant 
development. By combining our 
knowledge of how temperature influ-
ences the rate of plant development 
and how DIF influences plant mor-
phology, we can tailor temperatures to  

precisely control the rate of plant devel-
opment and plant height. 

William Carlson, professor, Royal Heins, associate 
professor, John Biernbaum, assistant professor and Rob-
ert Berghage, John Erwin and Meriam 'Carlsson, gradu-
ate students, are with Michigan State University, East 
Lansing. 
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