
Herbaceous Perennials: Light 

Part one of our 12-part series on herbaceous perennials 
examines how to use light to control growth and flowering. 

by GENHUA NIU, ERIK RUNKLE, 

ROYAL HEINS, ART CAMERON, and 

WILL CARLSON 

UNUKE other environmental 
factors such as temperature, 
humidity, and CO2  concen-
tration, light varies in at 

least four dimensions: quantity, quali-
ty, duration, and direction. As an ener-
gy source (light quantity), light is cap-
tured by plants and converted to 
chemical energy (carbohydrates) 
through photosynthesis. As an infor-
mational medium (light quality, dura-
tion, and direction), light is involved 
in regulating various processes of 
plant growth and development, such 
as branching, stem extension, and 
flowering. Therefore, plants use light 
to optimize growth and control 
processes ranging from seed germina-
tion to flowering. The purpose of this 
article is to describe how two dimen-
sions of light — quantity and duration 
— can be manipulated to produce flori-
cultural crops, especially herbaceous 
perennials, with desirable traits. 

Light is often described as electro-
magnetic radiation perceived by the 
human eye. It represents approximate-
ly half of the solar radiation that we 
receive on Earth. While people utilize 
light for vision, plants utilize light for 
growth and development. Humans 
can see wavelengths of light ranging 
from about 400 nanometers (violet and 
blue light) to 700 nanometers (red 
light). (Note: a nanometer is one bil-
lionth of a meter.) Visible light is used 
by plants for photosynthesis, while  

nonvisible solar radiation influences 
the growth habit, or shape, of plants. 

Light Measurement 
It's important to understand the lan-

guage of light, especially in terms of 
three light measurement systems: pho- 
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tometric, quantum, and radiometric. 
The photometric system measures 

the brightness of light relative to the 
human eye and is measured in foot-
candles. While convenient to humans, 
this system is not a precise way to 
measure light for plant production. 

The quantum measurement system 
is most appropriate for plants because 
it expresses light as the number of 
photons, or quanta, of light incident 
upon a unit area (square meter, or m2)  

per unit time (usually second, or s). 
Photons, which are microscopic pack-
ets of energy, are what drive photo-
synthesis. The number of photons at 
any point in time can be measured by 
a quantum sensor, which is designed 
to measure light only within the pho-
tosynthetically active waveband. 

The radiometric system measures 
the energy in light, a useful number 
when considering the impact of light 
on temperature. Radiometers measure 
light energy, and have traditionally 
been used to measure light by 
European manufacturers of green-
house environmental computers. 

Lux, footcandle, Watts per square 
meter (W•m-2), and pmol•m.2•s'' are 
all units used to describe instanta-
neous values. Perspective is often 
useful when discussing light units. 
Full sunshine on a clear day in mid-
summer provides about 10,000 foot-
candles (photometric system), 2,000 
pmol•m-2.s.1  (quantum system), or 
1,000 W•m-2  (radiometric system). 

Light Quantity 
While instantaneous values are im-

portant on a short-term basis, such as 
when to provide shading when light is 
excessively high, plant growth and 
crop yield are generally related to the 
total amount of light received per day, 
a term known as the daily light inte-
gral (DLI). By adding the instanta-
neous values over the course of a day, 
one can calculate the DLI in moles of 
photons per square meter and day 
(mol•m2•d-'). 

In East Lansing, MI (43 °N latitude), 
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Figure 1. Average daily light integrals in East Lansing, MI (43 °N latitude) and Phoenix, 
AZ (33 °N latitude) outside and inside a typical greenhouse. To reduce temperature rise 
in a greenhouse, many growers apply whitewash during the summer. The impact of 
whitewash (providing 50% shade) on light levels is illustrated, with arrows indicating 
when whitewash was applied or removed. For high quality plants, most floriculture crops 
require at least 10 mofm-241-' of photosynthetic light, as indicated by the dashed line. 
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the DLI outdoors averages about 45 
mol•m-2.d-' during midsummer, but 
only about 10 mol•m-'•d- ' in midwin-
ter (Figure 1). Greenhouse glazings 
and structures reduce the amount of 
transmitted light, thus the DLI inside 
a greenhouse is at best 70% of that 
outside, and more often is reduced to 
60% or less. Therefore, assuming 65% 
transmission, a typical greenhouse in 
East Lansing, MI will receive about 
six to 30 mol•m-2.d-' during the year. 
To achieve a moderately high quality 
plant, most floricultural crops require 
at least 10 mol.m-2.d-'. Because the av-
erage DLI inside a greenhouse in mid-
Michigan falls below 10 mol•m-2.d-' 
for about three months per year, 
growers often supplement natural 
light with electric lamps. 

From midspring to early autumn, 
shading is often provided to reduce 
the temperature rise in a greenhouse. 
If whitewash providing 50% shade is 
applied to this typical greenhouse on  

May 1 and removed October 1, plants 
growing in mid-Michigan would gen-
erally receive less than 20 mol•m-2.d- ' 
during the summer (Figure 1). In gen-
eral, higher DLI values are received 
the further south one travels in the 
winter, and the further west one trav-
els in the summer. For example, in 
Phoenix, AZ (33 °N latitude), the DLI 
inside a typical greenhouse averages  

at least 15 mol•rn-2.d-' even in the win-
ter. Thus, high-quality plants can be 
produced year-round in the Phoenix 
area without supplemental light from 
electric lamps (Figure 1). 

The yield of a crop may or may not 
be closely related to DLI. For green-
house crops, where the harvestable 
yield is the entire plant (e.g. a pot or 
bedding plant), the relationship be- 
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tween DLI and yield is poor. 
Therefore, no more plants are pro-
duced with high light intensities, al-
though plant quality generally is high-
er. In contrast, for crops where the 
harvestable yield is a subset of the 
plant at any one time (e.g. cut roses or 

Figure 2.-- 
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Figure 2. Increasing the daily light 
integral (with supplemental lighting) 
increased the number of flower buds 
of Campanula carpatica 'Blue Clips! 

tomato fruit), the relationship is good. 
Higher light levels will increase the 
number of cut roses or the number 
and size of the fruit. 

Although yield (the number of 
plants produced) is not increased, the 
quality of bedding plants, herbaceous 
perennials, and pot plants generally 
increases as the DLI increases. 
Generally, plants grown under a high 
DLI have more and larger flowers, 
thicker stems, and overall are higher 
quality plants compared to those 
grown under a low DLI. 

To illustrate the benefits of high-in-
tensity supplemental lighting on the 
flowering of herbaceous perennials, 
we have grown a number of species 
under natural light with low or high 
intensity supplemental lighting. 
Increasing the DLI with supplemental 
lighting increased branching and the 
number of flower buds of Cainpanula 

carpatica 'Blue Clips,' with the biggest 
increase coming from five to 10 
mol.m-2.d-1  (Figure 2). In another ex-
ample, evening primrose (Oenothera 

tetragona) provided with an additional 
1.6 mol•m-2.d-' had more flowers than 

Figure 3. Adding supplemental lighting 
with high-pressure sodium lamps (left) 
increased flower number of evening 
primrose (Oenothera tetragona) and 
slightly accelerated its flowering 
compared to plants under the same 
photoperiod but with low-intensity 
supplemental lighting from 
incandescent lamps (right). Photo 
courtesy of Emily Clough. 

plants under the same photoperiod 
with a lower DLI (Figure 3). 

Inadequate light quantity in some 

sew • 
All New! An Crops! Quick Reference! 

WQQd Contt 
M A N U A 

ww/e04,,,otsda. FOIL Tet New Matoo., u.r — 

Weed Control 
Solutions for the 

isiew KLi_ka-dan 
ORDERING MADE EASY! 

Call: 1-800-572-7740 
Fax: 440-942-0662 • e-mail: wcm_circ@meisternet.com  

MEISTERPRO 
reference guides' 

A division of Meister Publishing Company 

37733 Euclid Avenue, 

Willoughby, Ohio 44094-5992, USA 

*Shipping and handling charges vary for Canadian 
and International orders • All International orders 
must pre-pay in U.S. funds drawn on a U.S. bank 

138 
	

January 2001 • Greenhouse Grower 



Figure 4. 

ECHINACEA PURPUREA 'BRAVADO' 
14 WEEKS FORCING AT 22°C 
16-H PHOTOPERIOD WITH HPS 

SHADING PERCENTAGE 
55 	 030 

FLOWERING PERCENTAGE 
70 	 30 

N, 	 6, J2,5t,s  Altt  

Wholesale Grower of Hostas 
• No minimum order • Liners and 2 1/4" pot sizes 
• Over 200 varieties • Premium photo plant tags 

Now offering 

"The Hosta Handbook" by Mark Zilis 
To order or request a free descriptive color catalog offering 

hosta liners and 2 1/4" pot sizes: 

call toll free 1-800-528-2909 or visit www.qandznursery.com  

11409 E. Flagg Rd., Rochelle, Illinois 61068 	FAX 815-562-7488 

.... 
Disease 
( ..... rot ust Changed 

SAVE 
inCGfE Both for only 

$78.00 
(plus shipping charge) 

VISA 

When can I apply it? 
tit Email: icg_circ@meisterpubl.com  

4r.--.;4.  
cli...-.) 

Days to hawest 	 - - - - - -  ' Shipping and handling charges nary for Canadian and Internalional orders 
How do I use it safely? 	All International orders must prepay in U.S. funds drawn on a U.S. bank 
Signal word, Re-Entry Irec.,  

Meister Publishing Company • 37733 Euclid Avenue • Willoughby, OH 44094-5992 

rliPrl51cPc, 

www.meisterpro.com  

What is it? 
(Jesup., trade mimes. common 
name, and manutacturDs 

How do I use it? 
Application rates 

What does it do? 
Pests or diseases controls 

What else do I 
need to know? 
Nun.eks 

EASY TO ORDER! 
Call: 1-800-572-7740 or 440/942-2000 

Fax: 440/942-0662 

For Details Circle No. 146 on Postcard or at www.greenhousegrower.com  

Reprints from 
GREENHOUSE 

GROWER 
are tailor-made 

for any 
marketing 

need! 
Take an article, customize it by 
adding your logo or advertisement 
and redirect it toward your tar-
geted audience. Like any other 
marketing piece, reprints can be 
used several ways: 

• Trade Shows 
• Direct-Mail Enclosures 
• Sales & Training Aids 

For more information, contact our 
reprint department at 

(800) 256-8271 
x149 

PERENNIALS 

LIGHT 

herbaceous perennial species may 
delay flowering or decrease the unifor-
mity of flowering. For example, flower-
ing of purple coneflower (Echinacea 
purpurea 'Bravado') is influenced by 
DLI. As light intensity decreased, fewer 
plants flowered (Figure 4). 

Although light intensity does not 
directly influence the development' 
rate of most plant species, it can indi-
rectly influence the rate by affecting 
plant temperature. Under high light 
intensity situations-, plant tempera-
ture is generally higher compared to 
when under a lower light intensity 
(Figure 5). Because plant temperature 
controls the rate of development, 
plants forced under higher light lev-
els often flower earlier than plants 
forced under low light conditions. 

Photoperiod 

Photoperiod, or daylength, changes 
dramatically during the year in tem- 

perate regions of the world. Plants 
have developed the capacity to flower 
at a time of year that is favorable for 
flower pollination and seed develop-
ment. Many of these plants use pho-
toperiod as a reliable environmental 
signal of when to flower. In the last 
four years, many articles have ap-
peared in Greenhouse Grower that illus-
trate how photoperiod can influence 
flowering of herbaceous plants. For 
many herbaceous perennials, a change 
in photoperiod by one hour can mean 
the difference between strictly vegeta-
tive growth and flowering. By know-
ing how daylength affects plant growth 
of photoperiodic species, we can ma-
nipulate the natural photoperiod when 
one desires vegetative growth (i.e. to 
bulk a plant or to produce vegetative 
cuttings) or reproductive growth (i.e. to 
induce a plant to flower). 

Plants can be divided into three 
main categories based on how pho-
toperiod influences flowering. Day-
neutral plants, such as Scabiosa colum-
baria 'Butterfly Blue,' flower under all 
natural photoperiods at approximate- 

Figure 4. As the daily light integral 
decreased (ie. the shading percentage 
increased), fewer Echinacea purpurea 
'Bravado' flowered. 

ly the same time (Figure 5). Short-day 
plants (SDP) only flower, or flower 
most rapidly, when exposed to pho-
toperiods shorter than some critical 
duration. In contrast, long-day plants 
(LDP) only flower, or flower earlier, 
when exposed to photoperiods longer 
than a certain duration. 

SDP and LDP can be subdivided 
further: plants may have either an ob-
ligate or facultative response to pho- 
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Figure 6. Day-neutral plants, such as Scabiosa 
caucasica 'Butterfly Blue,' flower under all natural 
photoperiods at approximately the same time. NI 
represents a four-hour night interruption. 
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toperiod. Plants with an obligate re-
sponse require certain photoperiods 
for flowering. For example, obligate 
LDP remain vegetative under pho-
toperiods shorter than some duration 

Figure 5. 
Light Intensity (µmol m2s-1) 
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Figure 5. Under high-intensity supplemental lighting, 
plant temperature increases (relative to the air 
temperature) as light intensity increases. Data from 
Jim Faust and Royal Heins. 

ColdfoggerTm 606 

and flower when photoperiods 
exceed that particular duration. 
This particular photoperiod is 
often referred to as the critical 
photoperiod. For example, the 
critical photoperiod of Coreopsis 
verticillata 'Moonbeam' is about 
14 hours. Plants under photoperi-
ods of 12 hours or less remain 

vegetative and 
flower when pho-
toperiods are at least 
14 hours or provided 
with night break 
lighting (Figure 6). 

Plants with a facul-
tative photoperiodic re-
sponse will flower under 
all photoperiods, but 
flower more rapidly, and 
often more uniformly, 
under certain daylengths. 
For example, a facultative 
LDP such as Astilbe chi-
nensis punnla will flower 
under short days, but will 
flower quicker and more 
uniformly under long 
days (Figure 7). 

Uniform Chemical Application 

The Dramm Coldfogger" 
is a low-volume chemical 

applicator that can easily apply 
all formulations of pesticides, 
growth retardants and fungicides 
using a highly concentrated spray 
solution. 

The "low-volume" method of 
applying chemical solutions 
utilized in the Coldfogger" 
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greatly reduces application times. 
Very small spray droplets are 
generated to provide deep and 
even penetration of chemicals. 
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large pneumatic tires, rubberized 
casters, a low center of gravity 
and a heavy-duty hose guide. 

Electrical Lighting 

Electric lamps are commonly used 
to supplement sunlight for increasing 
plant growth and extending the pho-
toperiod to regulate plant develop-
ment. High-pressure sodium lamps, 
and occasionally metal halide lamps, 
are primarily used for photosynthetic 
lighting because they emit a high light 
intensity and are relatively efficient at 
converting electricity to photosynthet-
ic energy. In the United States, supple-
mental photoperiodic lighting is gen-
erally delivered by high-pressure sodi-
um lamps at about 500 footcandles (60 
umol•m 2.s '), which, when on for 18 
hours per day, provides plants with an 
extra 3.8 mol•m 2.d-1. Installation of a 

Figure 7. Photoperiod controls flowering 
of Coreopsis verticillata 'Moonbeam: 
Plants remain vegetative when the 
daylength is 12 hours or less, and flower 
when the photoperiod is 14 hours or 
longer, or when provided with a four-hour 
night interruption (NI). 
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Figure 8. Following a cold treatment, Astilbe chinensis 
pumila flowers under all photoperiods, but flowers earlier 
and more uniformly when grown under long photoperiods. 
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worker exposure and labor 
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Autofog 
TM  

supplemental lighting system using 
400-Watt lamps requires 5.5 Watts per 
square foot (60 Watts per square 
meter) of electricity. With 600-Watt 
lamps, 4.5 Watts per square foot (50 
Watts per square meter) of electricity 
is required. 

For photoperiodic lighting, incan-
descent lamps are often used because 
they are inexpensive and easy to in-
stall. As a general rule, photoperiodic 
lighting using incandescent lamps to 
deliver 10 footcandles requires elec-
tricity at 1.25 Watts per square foot 
(13.5 Watts per square meter). 
Unfortunately, incandescent lamps 
emit a high proportion of far-red light, 
which in many plants promotes stem 
elongation and thus plant height. 

Manipulating Daylength 
Natural photoperiods can be ma-

nipulated to create artificial long 
days or short days. Under natural 
long days, short days can be created 
by blocking out all light with black 
cloth. Many growers already use 
black cloth to provide short days to 
induce flowering of poinsettias or 
chrysanthemums. Because many 
herbaceous perennials are LDP, short 
days may be desirable when one 
wants to delay or prevent flowering. 
Some plants, including many herba-
ceous perennials, can perceive very 
low levels of light (such as one foot-
candle), so gaps in light-exclusion 
material are unacceptable. 

Under natural short days, long days 
can be created by lighting either to ex-
tend the day to the photoperiod de-
sired, or by lighting during the middle 
of the night, which is known as night 
break lighting. In both instances, the 
additional light should be at least 10 
footcandles (one to two umol•rn- 2.0  in  

all parts of the greenhouse. When 
plants are exposed to at least 10 foot-
candles, all common light sources (e.g. 
incandescent, high-pressure sodium, 
metal halide, and fluorescent) are 
equally effective in creating a long day.  

tosynthetic light. 
In the northern 
United States, this 
light level does 
not naturally 
occur from early 
November 
through mid-to-
late February. 
Therefore, supple-
mental lighting 
from high-pres-
sure sodium 
lamps from early 
November 
through early 
March to raise the 
DLI to near 10 mol•m-2.c1-1  will dra-
matically improve plant quality. 
During midwinter, this requires 
plants be lighted for at least 16 hours 
per day with at least 500 footcandles. 

For photoperiodic plants, control of 
daylength is essential to control vege-
tative and reproductive development, 
whichever is desired. Using any of 
the commonly available electrical 
lamps (providing at least 10 footcan- 

dles), long days can be created by ei-
ther extending the natural photoperi-
od to at least 15 hours or by provid-
ing a four-hour night interruption 
from 10 p.m. to 2 a.m. 	GG 

About the authors: Genhua Niu is a 
post-doctoral associate, Erik Runkle 
is a graduate research student, and Drs. 
Royal Heins, Art Cameron, and Will 
Carlson are professors, Department of 
Horticulture, Michigan State University, 
East Lansing, MI 48824. 

Finding The Right Light 
Proper light quantity and duration 

(photoperiod) are essential for pro-
duction of high quality herbaceous 
perennials. For most species, plants 
require at least 10 mol•m-2.d-1  of pho- 
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