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Light can be the most limiting cnvironmental [ac-
tor in high quality plant production. Light controls
a number of diflcrent plant responses, but, for prac-
tical purposes, the most important cllcets arc on
plant shape and the nature of plant growth (i.c. veg-
etative or reproductive) (Canham, 1966). Manipu-
lating light can involve increasing, or decreasing,
the amount of light that a plant receives (irradiance),
increasing or decrcasing the duration of lighting
(photoperiod) or changing the quality of light that
is available to plant (color).

In many cases growers arc lighting 10 increase the
total amount of light availablc to plants. Total daily
irradiance can be increased by day cxtension light-
ing via supplemental lighting. Total daily lighting
is intended to incrcase the total amount of photo-
synthesis which a plant can carry out during a day.
In seed geraniums (Pelargonium x hortorum L.H.
Bailey), flower initiation occurs carlicr as the
amount of light which scedlings reccive cach day
increases. Plants receiving 1900 {c ol light bloomed
a full 25 days earlicr than plants receiving 300 fc of
light and one week earlier than plants recetving 500
fc of light (Armitage ct al., 1984). Sced gerantums
receiving higher light intensity also produce a more
compact plant. Plants grown undcr 1900 [c had in-
ternode lengths of 1.75 cm while plants grown un-
der 300 fc had internode fengths of 3.75 ¢cm (Hop-
per, 1986). Since plants grown under similar tem-
perature conditions will have the same number of
internodes, the total plant height dillerence s quite
evident.

Photosynthesis is the process by which plants usc
light energy to convert carbon dioxide and water
into carbohydrates or sugars (Canham, 1906).

CO;y + HO > CHO + Oy

Sugars are used as cnergy Lo increasc plant size and
mass. By increasing the irradiance or the length of
time a plant is lit, towl daily photosynthesis in-
creases and, therelore, the plant size or mass may
increase. In gencral, with sced geranium, increased
irradiance levels will increase plant dry weight (an
indicator or plant size) (Pytlinski and Krug, 1988).
In the case of snapdragons (Antirrhiniun majus L),
Peterson (1955) showed that dry weight of the plants
was markedly increased if the young plants were lit
all night using fluorescent lamps with about 10 lamp

watls per square foot and the lamps placed 8 to 10
inches above the plants.

Plant photosynthesis has a saturation point, be-
yond which additional light does not increase the
rate of photosynthesis (Aldrich and Bartok, 1989).
This level can vary from a few hundred foot
candles (about 60 nmol m-2s-1) for some foliage
plants to several thousand foot candles (about 800
umol m-2s-1) for some ornamental and vegetable
crops (Aldrich and Bartok, 1989). Plants respond
differently to different wavelengths of light. Maxi-
mum plant sensitivity for photosynthesis occurs
at 675 umol m-2s-1 (Whealy, 1991).

The intensity of light where Py is saturated can
also vary depending on plant age and other envi-
ronmental conditions such as, plant temperature
or watering regime. As a rule, plant growth will
increase if supplemented lighting is delivered at a
lower irradiance for a longer period of time rather
than at a high irradiance for a short period of time
{Whealy, 1989).

Photoperiod can affect plant growth, especially
the type of growth (i.e. vegelative vs. reproduc-
tive) (Canham, 1966). Some plants require a spe-
cific photoperiod to initiate flowering or tuber or
bulb formation. For example, pot mums
(Dendranthemum grandiflora Tzlev.) require a
critical night length of 9.5 hours to initiate flow-
cring and a critical night length of 10.5 for flow-
crs 10 develop (Schwabe, 1952; Cathey and
Borthwick, 1970; Langton, 1977). The critical
photoperiod for poinsecttias (Euphorbia
pulcherrima Willd. ex. Klotzch.) to initiate flow-
cers is 12.5 hours (Grueber, 1985). Tuberous be-
gonias (Begonia x tuberhybrida Voss) require less
than 10 hour nights as soon as they germinate or
ptants will form tubers instead of flowering
(Canham, 1966; Kaczperski et al., 1989). Carna-
tions (Dianthus caryophyllusL.) are considered a
quantitative long-day plant, where long days pro-
mote and short days delay flower initiation (Blake,
1957). Once the carnation flowers are initiated,
photopcriod does not affect flower development.

Plants arc gencrally categorized in one of three
photoperiodic groups, short day, long day or day
ncutral (Canham, 1966). This is generally a term
uscd in regard to the flowering response of a plant
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to day length (Canham, 1966) (Table 1). Short
day plants require a night length over a critical
time for the plant to respond, i.e. chrysanthemum
or poinsettia. Long day plants requirc a night pe-
riod shorter than a critical length, i.c. fuchsia. Day
neutral plants can flower regardless of day or nigh
length, i.e. cyclamen or tomato (Canham, 1966).

Night interruption lighting is commercially prac-
ticed on mums and poinsettias to keep plants veg-
etative. Traditionally, lights arc turncd on for five
hours each night in the wintcr months in the north-
ern latitudes when day length is less than 10-12
hours (Kofranek, 1992). This allows the plant to
‘perceive’ long days and prevent flower initiation
from occurring. Some plants will respond to {low-
ering with the use of cyclical lighting (Cathey and
Borthwick, 1961). In many cases this can be an
energy saving tactic. The economic cffectiveness
of this treatment, as well as a range of plants that
this treatment is effective on still nceds to be stud-
ied. Light flashing of four scconds per minute

saves over 80% of energy and is as effective as tra-
ditional night interruption lighting on chrysanthe-
mums (Aldrich and Bartok, 1989).

Not only is the total daily light and photoperiod criti-
cal {or plant growth, but also the quality or color of
light is important for many processes in plant
growth. Light quality, in particular the ratio of red
1o far-red light, can have an impact on seed germi-
nation, rooting of cuttings, growth habit of the plant,
internode clongation and flower initiation (Aldrich
and Bartok, 1989). Sunlight generally provides the
{ull spectrum light needed by the plant (Figure 1).
When considering supplemental lighting, the spec-
trum provided by each type of light needs to be re-
viewed. Far-red light, just beyond the visible light
spectrum, but available to plants in many light
sources, increases stem clongation, increases leaf
size, decreases branching and reduces the color in-
tensity of leaves and flowers (Bickford and Dunn,
1972). Red light is important in photosynthesis,
and chlorophy!l synthesis, as well as promoting

seedling germination,

Table 1. Photoperiodic classification of planis (no temperaiure effects).

(Bickford and Dunn, 1972.)

flowering, stem elonga-
tion and anthocyanin
formation (Whealy,

Day-Neutral Plants
Gardenia jasminoides
Gomphrena globosa
Impatiens balsamina
Rhododendron sp.

Quantitative short-day plants
Chrysanthemum sp.
Cosmos bipinnatus
Senecio cruentus
Zinnia sp.

Quantitative long-day plants
Fragaria chiloensis
Nigella arvensis
Oenothera rosea

Short-day plants
Cattleya trianae
Ipomoea hederacea
Kalanchoe blossfeldiana

Long-day plants
Antheum graveolens
Dianthus superbus
Oenothera suaveolens
Oenothera longiflora
Oenothera stricta

1991).

Capc jasmine
Globe amaranth
Balsam

Avalea

Blue light is also impor-
tant in photosynthesis
and chlorophyll synthe-
sis and also helps reduce
plant stem length and
increases branching

Chrysanthemum along with improving

Cosmos

. i leaf and flower color,
Cincraria stomatal opcning, pho-
Zinnia ’

totropism and spore for-
mation (Whealy, 1991).
This is one of the reasons
that a balanced light
source is important for
quality plant growth.

Strawberry
Fennel flower
Evening primrose

Visible light is in the
light spectrum with 380
to 760 nanometer wave-
lengths. (Figure 1). The
wavelength in the lower
end of this range consti-
tutes blue light that helps
plants to reduce stem
clongation, remain com-
pact and increase
branching. The upper
end of the visible light

Orchid
Morning Glory
Kalanchoe

Dill

Carnation
Evening primrose
Evening primrose
Evening primrose
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Figure 1. Radiant energy of the electromagnetic spectrum (adapted from IES Lighting Handbook,
1959).
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spectrum is red light (600-700 nm) which helps pro-
duce strong plant growth and increase stem elonga-
tion. While both light sources sound good, cither
one alone would not producc a quality plant.
Cholorphyll, the green pigment in plants that uli-
lizes a light receptor to carry out photosynthesis is
thought to have a greater response 1o blue light than
to red light, but rescarchers difer in their opinions
of this (Canham, 1966).

Incandescent lights give off a lot of heat for the
wallage that is provided due to the resistance in
the bulb of the tungsten filament, especially in
contrast to fluorescent bulbs (Bickford and Dunn,
1972). Be sure that the lights aren’t placed too
closc to the plants or scorching could occur on
lcaves of sensitive plants, generally three to five
feetabove the canopy is recommended for photo-
period control. The light quality emitted by in-
candescent bulbs can change over the life of the
bulb, however, this is generally not a concern for
nightinterruption lighting. For night interruption
lighting, a minimum of 7 to 10 f¢ (2-5 pmol m2s-
1) of light 1s required to prevent flower initiation
in poinsettia or chrysanthecmum (Sachs and
Kofranek, 1979). The spectra of incandescent
bulbs generally in the far-red range, but if using
lamps with dichroic reflectors in the bulb the spec-
tra can be increased to 380 to 760 nm (Bickford
and Dunn, 1972).

Types of Supplemental Light

Incandescent Lights. Generally incandescent
lights are used for photoperiod control. Much of
the light emitted is in the farred range (700-760
nm). This type of light can causc increased stem
elongation (Bickford and Dunn, 1972). Itis ¢cco-
nomical to put up incandescent light, however the
bulbs are short lived (approximately 1000 hours)
(Canham, 1966). When using incandescent lights
be sure that you use either reflector bulbs or pro-
vide a reflector at the fixture to increcase the arca
that the light is available to the plants. These lamps
are available in a wide range of sizes from 15 to
1500 watts (more gencrally 40 10 200 watts) and in
clear, pearl or “inside silica-coated” styles (Canham,
1966).

Tungsten-lodine Lights. Also known as tung-
sten-halogen lights. Basically the same as incan-
descent bulbs and used in similar situations, tung-
sten-iodine bulbs will maintain the same light out-
put throughout the life of the bulb due to a small
amount of iodine vapor that has been introduced
into the atmosphere around the filament (Canham,
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1966). Generally the bulbs arc available with a
reflector in the bulb, eliminating the need for an
outside reflector on the fixture. These lamps are
available in sizes of 500, 750, 1000, 1500 and 2000
watts (Canham, 1966). As with incandescent
bulbs, the efficiency of the bulbs is relatively low
compared with other types of lighting (converting
only 6-12% of the input clectrical energy into light
energy) (Bickford and Dunn, 1972; Whealy, 1991).
Tungsten lamps are often used for flood lighting,
Their spectra is similar to that of incandescent
bulbs.

Fluorescent Lights. Cooler than incandescent
lights, fluorescent bulbs also provide a wider spec-
trum and are more efficient in converling input
energy into light energy. Fluorcscent lamps have
atungsten filament in a cathode at cach end of the
tube. These cathodes produce clectrons that are
passed through the mercury and inert gas that is
maintained under pressurc in the phosphor coated
tubes the make up the bulbs. The electrons pass-
ing through the pressurized gas create the light.
While providing more efficient lighting, {luorcs-
cent lights are more expensive and provide more
shading due to the large ballasts required for their
use compared to other lamp types in the green-
house (Whealy, 1991). Because of this shading,
fluorescent lights are often used in specialty situ-
ations such as growth chambers where shading of
sunlight will not occur (Whealy, 1991). In growth
chambers fixtures can be mounted on a side wall
and provide very cven, well distributed light. For
plants that will be grown for their entire lilc in a
growth chamber, it is reccommended 1o also have
some incandescent lights in addition to complete
the light spectrum and give a more “natural” light
effect to provide for better plant growth (Whealy,
1991). Fluorescent lamps are available in various
colors and in eight or more shade of “white”
(Bickford and Dunn, 1972). Rescarch donc by
Cathey et al. (1978) examined seven diffcrent types
of fluorescent lamps (cool white, warm white, Gro-

o
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tux, Gro-lux wide spectrum, Agrolite, Vitalite and
an cexperimental lamp) on 11 kinds of foliage and
flowering plants. While some diffcrences were seen
with the dry weight of the plants under various light
sources, the greatest differences were seen when
incandescent light was added to bring red and far-
red light into the spectrum. None of the bulbs tested
provided cnough UV light either, no levels even ap-
proached that provided by the sun. The authors
concluded that the efficiency, or ability to convert
power into visible radiation, of the lamps used is of
primary importance, with the light quality or spec-
tral distribution being of second ordet

HID Lights. HID, or high intensity discharge, is a
generic term used o include mercury, metal halide
(MH), low pressure sodium (LPS) and high pres-
sure sodium (HPS) lights (Whealy, 1991). They
arc all considered highly cfficient in terms of con-
vertng power o light encrgy, with uniform light
distribution and lower levels of shading from fix-
tures.  Some of these lamps provide remote
ballasting, or ballasts that are distant from the light
source, 1o reduce shade levels over the plants even
more (Aldrich and Bartok, 1989). They generally
provide very long lived bulbs, 10,000 to 24,000+
hours compared to 750 to 2000 hours for incandes-
centand tungsten lamps, although the initial invest-
ment Is more expensive,

Mercury Lights. Rather than passing through tung-
sten wires as in an incandescent lamp, mercury
lamps pass clectrical current through a gas or vapor
under pressure using a mercury arc (Bickford and
Dunn, 1972). This is similar to a fluorescent lamp.
The light produced by the mercury is typically blu-
ish-white and there is little light output in the red
part ol the light spectrum (Aldrich and Bartok,
1989). The lamp requires a large ballast and a re-
flector to provide the light at the plant surface. The
size of these lamps make it difficult 10 provide uni-
form light, and the [ixtures provide a lot of shading
of plants from sunlight. Early lamps were avail-
able only in 1000 watt bulbs. The newer 400-watt
lamyp is considered the best compromise for unifor
mity ol illumination, economy of use, size of unit
and arca covered compared to other types of lamps
ol similar size (Aldrich and Bartok, 1989) Because
ol the pressure in the light bulb, if current to the
light is cut, cven for an instant, the bulb must cool
down before it can be restarted, this may wake five
to ten minutes (Bickford and Dunn, 1972; Aldrich
and Bartok, 1989). These lamps will also produce
a great amount ol heat, so care must be taken not to
place them oo close to sensitive plants, generally
no closer than five fect. The spectra of mercury
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lamps peaks at 365.4,404.7,435.8, 546.1 and 578.0
nm, covering a wide arca of the spectrum (Bickford
and Dunn, 1972).

Metal Halide Lights. These lamps provide the best
spectral distribution of all of the HID lamps with
wavelengths in the blues, reds and far reds (Bickford
and Dunn, 1972). Mectal halide lamps are less effi-
cient, 120 to 125 per watt compared to an cfficiency
of 135 to 140 lumens per watt for HPS lamps, and
shorter lived than LPS or HPS lamps. They arc
very effective in retail arcas where a more natural
white light is provided giving the most natural light-
ing for the plants and customers (Whealy, 1991).
The spectra has a peak light output in the bluc to
green area of 320 to 540 nm (Bick{ord and Dunn,
1972).

Low Pressure Sodium Lights, While thc mostcl-
ficient supplemental light source, LPS lights are not
widely used (Aldrich and Bartok, 1989). Rescarch
from the USDA showed that low pressure sodium
lamps, with the addition of light from incandescent
lamps provided simultancously, produced plants that
were more compact with higher fresh weight than
plants grown under low pressure sodium lights alone
(Cathey etal., 1982). They produce very little heat
and the light provided is in the yellow range (Aldrich
and Bartok, 1989). The lamps require a rather large
fixture that can cause shading problems (Whealy,
1991). The spectra for these lamps is 580 1o 650
nm (Bickford and Dunn, 1972).

High Pressure Sodium Lights. Generally consid-
ered the best supplemental lighting source for green-
house production, HPS lamps provide light in the
upper end of the spectrum (red, orange and ycllow)
at 550 to 700 nm (Bickford and Dunn, 1972). They
are very efficient and fewer fixtures are nceded to
provide as much light as with other types. These
lamps provide more photosynthctically uscful light
per unit of electricity than other light sources and
they are among the most ellicient users of electric-
ity to produce the light. They have very long lives
(for example, 400- or 1,000-watt sodium lamps arc
rated to last 24,000 hours; mctal halide, 20,000
hours; low pressure sodium, 18,000 hours; and (1uo-
rescent, 15,000) and the fixtures and reflectors are
smaller than other lamps (Whealy, 1991). As with
other HID lamps, interruption of electrical current
will cause the lights to shut down and will require
about one to two minutes for the bulbs 1o be relit
(Aldrich and Bartok, 1989).

The cost of all supplemental lighting nceds to be
weighed against the benefits 1o the plants. In many

cases the cost can be minimal compared to the
benefits of improved plant growth, The cost of
lighting is decreasing and the efficiency of most
types of lights is increasing. The benefits of
supplcmental lighting will be the greatest if other
growth factors aren’t limiting, such as tempera-
ture, fertility and water.  As with any improve-
ment in growing conditions, it is the overall envi-
ronment that must be improved so that the plant
can make the most of the conditions provided.
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