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

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

U

NUKE other environmental
factors such as temperature,
humidity, and CO2 concentration, light varies in at
least four dimensions: quantity, quality, duration, and direction. As an energy source (light quantity), light is captured by plants and converted to
chemical energy (carbohydrates)
through photosynthesis. As an informational medium (light quality, duration, 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 germination to flowering. The purpose of this
article is to describe how two dimensions of light — quantity and duration
— can be manipulated to produce floricultural crops, especially herbaceous
perennials, with desirable traits.
Light is often described as electromagnetic radiation perceived by the
human eye. It represents approximately 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 billionth of a meter.) Visible light is used
by plants for photosynthesis, while
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It's important to understand the language of light, especially in terms of
three light measurement systems: pho-
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per unit time (usually second, or s).
Photons, which are microscopic packets of energy, are what drive photosynthesis. 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 photosynthetically 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 greenhouse environmental computers.
Lux, footcandle, Watts per square
meter (W•m-2), and pmol•m.2•s'' are
all units used to describe instantaneous values. Perspective is often
useful when discussing light units.
Full sunshine on a clear day in midsummer provides about 10,000 footcandles (photometric system), 2,000
pmol•m-2.s.1 (quantum system), or
1,000 W•m-2 (radiometric system).
Light Quantity

tometric, quantum, and radiometric.
The photometric system measures
the brightness of light relative to the
human eye and is measured in footcandles. 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)

/

While instantaneous values are important 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 integral (DLI). By adding the instantaneous 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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the DLI outdoors averages about 45
mol•m-2.d-' during midsummer, but
only about 10 mol•m-'•d-' in midwinter (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 average DLI inside a greenhouse in midMichigan 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 generally receive less than 20 mol•m-2.d-'
during the summer (Figure 1). In general, higher DLI values are received
the further south one travels in the
winter, and the further west one travels in the summer. For example, in
Phoenix, AZ (33 °N latitude), the DLI
inside a typical greenhouse averages
Figure 1.,
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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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at least 15 mol•rn-2.d-' even in the winter. 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 greenhouse 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 produced with high light intensities, although plant quality generally is higher. In contrast, for crops where the
harvestable yield is a subset of the
plant at any one time (e.g. cut roses or
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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-intensity 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 example, evening primrose (Oenothera
tetragona) provided with an additional
1.6 mol•m-2.d-' had more flowers than
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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).
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herbaceous perennial species may
delay flowering or decrease the uniformity of flowering. For example, flowering 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 indirectly influence the rate by affecting
plant temperature. Under high light
intensity situations-, plant temperature 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 levels often flower earlier than plants
forced under low light conditions.
Photoperiod

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

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 photoperiods 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 obligate or facultative response to pho-
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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 development. Many of these plants use photoperiod as a reliable environmental
signal of when to flower. In the last
four years, many articles have appeared in Greenhouse Grower that illustrate 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 vegetative growth and flowering. By knowing how daylength affects plant growth
of photoperiodic species, we can manipulate 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 photoperiod influences flowering. Dayneutral plants, such as Scabiosa columbaria 'Butterfly Blue,' flower under all
natural photoperiods at approximate-
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and flower when photoperiods
exceed that particular duration.
SCABIOSA CAUCASICA 'BUTTERFLY BLUE':_0 WEEKS OF 5°C
LIGHT
This particular photoperiod is
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Figure 7. Photoperiod controls flowering
of Coreopsis verticillata 'Moonbeam:
Plants remain vegetative when the
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when the photoperiod is 14 hours or
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night interruption (NI).
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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, incandescent lamps are often used because
they are inexpensive and easy to install. As a general rule, photoperiodic
lighting using incandescent lamps to
deliver 10 footcandles requires electricity 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 manipulated 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 herbaceous perennials, can perceive very
low levels of light (such as one footcandle), so gaps in light-exclusion
material are unacceptable.
Under natural short days, long days
can be created by lighting either to extend the day to the photoperiod desired, 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 footcandles, all common light sources (e.g.
incandescent, high-pressure sodium,
metal halide, and fluorescent) are
equally effective in creating a long day.
Finding The Right Light

Proper light quantity and duration
(photoperiod) are essential for production of high quality herbaceous
perennials. For most species, plants
require at least 10 mol•m-2.d-1 of pho-

Figure 8.
tosynthetic light.
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