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Light  can b e  
the most lim- 
i t ing environ- 
mental factor 
in high quality 
plant produc- 
t ion. 

Phot osy n t he- 
sis is the pro- 
cess by which 
plants use 
l ight energy 
t o  convert  
carbon diox- 
ide and water 
into carbohy- 
drates or sug- 
ars. 

P h o t o p e r i o d  
can a f fec t  
plant growth, 
especially the 
t Y  Pe of 
growth (i.e. 
v e g e t a t i v e  
vs. reproduc- 
t ive) .  

SUPPLEMENTAL LIGHTING 
Debra Scli wnrze 

Utiiversity of Miririesota 

Light can be the most limiting cnvironmcntal Tac- 
tor in high quality plant production. Light controls 
a number of dilTercnt plant rcsponscs, but, for prac- 
tical purposes, thc most important cflccts ;ire on 
plant shape and the naturc of plant growth (i.c. vcg- 
:tative or reproductive) (Canham, 1966). hlanipu- 
lating light can involvc incrcasing, or ticcrcising, 
the amount of light that a plant rcccivcs (ii-radi;uncc), 
increasing or decrcasing thc duration of lighting 
(photopcriod) or changing thc q u d i t y  of light t h n t  
is available to plant (color). 

In many cases growers arc lighting to incrcisc the 
total amount of light available to plants. Total da i ly  
irradiance can be increased by day cxtcnsion light- 
ing via supplemental lighting. Total d a i l y  lighting 
is intended to incrcasc thc total m o u n t  01' phom- 
synthesis which a plant can carry out during ii d:iy 
In seed geraniums (Pelargoniim x Iiurloriim L.H. 
Bailey), flower initiation occurs carlicr ;IS thc 
amount of light which sccdlings rcceivc c;icIi tiny 
increases. Plants receiving 1900 l'c o f  lighk bloomed 
a full 25 days earlicr than plants rccciving 300 fc of 
light and one week carlicr than plants receiving SO0 
fc of light (Armilagc et al., 1983). Sccti gcr:iniuins 
receiving higher light intensity also produce a inorc 
compact plant. Plants grown under 1900 fc h:id in-  
ternode lengths of 1.75 cni whilc plnnts grown tin- 

der 300 fc had intcrnodc lcnglhs of 3.75 cin (Hop-  
per, 1986). Since plants grown under siinilx tcni- 
perature conditions will have the s m c  number o f  
internodes, the total plant height tiill'crcncc is quite 
evident. 

Photosynthesis is thc proccss by which plants u x  
light energy to convcrt carbon dioxide and water 
into carbohydrates or sugars (Canham, 1966). 

C02 + H20 -> CH2O + 0 2  

Sugars are used as cncxy to.incrcasc plant size anti  
mass. By increasing thc irradiancc or the Icngth o f  
time a plant is l i t ,  total da i ly  photosynthesis in-  
creases and, thcrcforc, thc plant size o r  m a s s  m a y  
increase. In gencral, with sccd gcrnniuin, incrcascd 
irradiance lcvcls will incrcasc plant d r y  wciglit (an 
indicator or plant size) (Pytlinski a n d  K r u g ,  1988). 
In the case of snapdragons (Antirrliinirm mtijiis L.), 
Peterson (1955) showed tha1 d ry  wcighl ol'thc plxits 
was markedly increascd if the young pl:ints were lit 

watts per square foot and the lamps placed 8 to 10 
inchcs abovc the plants. 

Plant photosynthesis has a saturation point, be- 
yond which additional light does not increase the 
ratc of photosynthesis (Aldrich and Bartok, 1989). 
This levcl can vary from a few hundred foot 
candles (about 60 pmol m-2s-1) for some foliage 
plants to scvcral thousand foot candles (about 800 
pnol m-2s-1) for some ornamental and vegetable 
crops (Aldrich and Bartok, 1989). Plants respond 
diffcrently to diffcrcnt wavclengths of light. Maxi- 
m u m  plant sensitivity for photosynthesis occurs 
at 675 p o l  m-2s-1 (Whcaly, 1991). 

Thc intcnsity of light whcre pk is saturated can 
also vary dcpcnding on plant age and other envi- 
ronmcntal conditions such as, plant temperature 
or watcring rcgime. As a rule, plant growth will 
incrcasc if supplcmentcd lighting is delivered at a 
lower irradiance for a longer period of time rather 
than a t  a high irradiance for a short period of time 
(W hca I y. 1 989). 

Photopcriod can a k c t  plant growth, especially 
thc typc of growth (i.e. vegetative vs. reproduc- 
tive) (Canham, 1966). Some plants require a spe- 
cific photopcriod to initiate flowering or tubcr or 
b u l b  formation. For example, pot m u m s  
(Dcndranthernurn grandi fora Tzlev.) require a 
critical night Icngth of 9.5 hours to initiate flow- 
ering anti a critical night length of 10.5 for flow- 
ers to dcvclop (Schwabe, 1952; Cathey and 
Borthwick, 1970; Langton, 1977). The critical 
p h o to pc r i o d for po in  set t i as ( E  upho r b ia 
pidchcrrima Willd. ex. Klotzch.) to initiate flow- 
ers is 12.5 hours (Grueber, 1985). Tuberous bc- 
gonias (Begonia x luberhybridu Voss) require less 
than 1 0  hour nights as soon as they germinate or 
plants will form tubcrs instead of flowering 
(Canham, 1966; Kaczpcrski et al., 1989). Carna- 
tions (Dianthus caryophyl lusl . )  are considered a 
quantitative long-day plant, where long days pro- 
mote and short days dclay flower initiation (Blake. 
1957). Oncc the carnation flowers are initiated. 
photopcriod does not affect flower development. 

Plants arc generally categorized in one of three 
photopcriodic groups, short day, long day or day 
neutral (Canham, 1966). This is generally a term 

all night using fluorescent lamps with a b o u t  10 lamp uscd in rcgard to the flowering response of a plan1 

18 



Minnesota Flower Growers Bulletin - March, I993 Volume 43, Number 2 

to day length (Canham, 1966) (Xiblc 1). Short 
day plants require a night length ovcr a criticnl 
time for the plant to respond, i.e. chrysanthcinum 
or poinsettia. Long day plants rcquire a night pc- 
riod shorter than a critical length, i.c. fuchsia. Day 
neutral plants can flower regardlcss of day or nigh 
length, i.e. cyclamen or tomato (Canham, 1966). 

Night interruption lighting is commcrcially prac- 
ticed on mums and poinsettias to kccp plants vcg- 
etative. Traditionally, lights arc turncd o n  f o r  f ive 
hours each night in the winter months in the nortli- 
em latitudes when day length is less than 10- 12 
hours (Kofranek, 1992). This allows thc plant 10 

'perceive' long days and prevent flowcr initiation 
from occurring. Some plants will rcspond to flow- 
ering with the use of cyclical lighting (Cathcy and 
Borthwick, 1961). In many cases this can bc a n  
energy saving tactic. The economic cll'cctivcncss 
of this treatment, as well as a range o f  plants t h a t  
this treatment is effective on still nccds to bc stud- 
ied. Light flashing of four sccontis per ininiilc 

s ; i~cs  ovcr 80% of energy and is as effective as tra- 
ditional night intcrruption lighting on chrysanthe- 
m u m s  (Aldrich and Bartok, 1989). 

Not  only is the total daily light and photoperiod criti- 
cal lor 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 
to far-rcd light, can have an impact on seed germi- 
nnt ion,  rooting of cuttings, growth habit of the plant, 
intcrnodc clongation and flowcr initiation (Aldrich 
i ind B x t o k ,  1989). Sunlight generally provides the 
f u l l  spcctrum light ncedcd by the plant (Figure 1). 
When consitlcring supplcmcntal lighting, the spec- 
t r u m  pro\.idcd by cach typc of light needs to be re- 
vicwcd. Far-red light, just beyond the visible light 
spectrum, but available to plants in  many light 
sourccs, incrcnscs stern elongation, increases leaf 
s i x ,  dccrcascs branching and reduces the color in- 
[cnsity or Icnvcs iind flowers (Bickford and Dunn, 
1972). Rcd light is important in photosynthesis, 
and  chlorophyll synthcsis, as well as promoting 

Table 1. Photoperiodic classification o f  pliitii  \ (no ~cttiporii~iitr rffects). 
(Bickford and Dunn, 1972.) 

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

Capc jasm inc 
C; lo he iimaran th 
Balsam 
Azalc:r 

Quantitative short -day p I B n t s 
Chrysanthemum sp. 
Cosmos bipinnutus 
Senecio cruentus 
Zinnia sp. 

Quantitative long-day plants 
Fragaria chiloensis 
Nigella arvensis 
Oenothera rosea 

Short-day plants 
Cattleya triunue 
Ipomoea hederacea 
Kalanchoe blossfeldiunu 

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

Ch r y snnllicni ti in 

Cosmos 
C i nc r;i r i :I 
Z inn i a 

Straw be rry 
Fc TI nc I 1'10 w cr 
Evcning priinrosc 

Orc h i tl 
Rlorning Glory 
K a  lanc hoe 

Dill 
Carnahn 
Evcning primrose 
Evcning primrosc 
Evcning primrosc 

seedling germination, 
flowering, stem elonga- 
tion and anthocyanin 
formation (Whealy, 
1991). 

Blue light is also impor- 
tant in  photosynthesis 
and chlorophyll synthe- 
sis and also helps reduce 
plant stem length and 
incrcascs branching 
along with improving 
lcaf and flowcr color, 
stomata1 opening, pho- 
totropism and spore for- 
mation (Whcaly, 1991). 
This is one of the reasons 
t h a t  a balanced light 
source is important for 
quality plant growth. 

Visible light is in  the 
light spectrum with 380 
to 760 nanometer wave- 
lengths. (Figure 1). The 
wavclcngth 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 

Night in te r -  
rupt ion l ight- 
ing is  corn- 
m e  r c  i a  I l y  
pract iced on 
mums and 
p o i n s e t t i a s  
t o  keep 
p lants  veg- 
e tat ive.  

Not  only is 
the total caily 
light and pho- 
toperiod crit i- 
c a l  f o r  p lant 
growth,  bu t  
also the qual- 
i ty  or color of 
light is impor- 
tant  for many 
processes in 
plant growth. 

Blue l igh t  is 
also irnpor- 
tant  in photo- 
synthesis and 
c h l o r o p h y l l  
synthesis and 
also helps re- 
duce plant 
s tem length 
and increases 
b r a n c h i n g  
along with irn- 
proving leaf 
and f lower 
color, s to -  
r n a t a l  open- 
ing, phototro- 
pisrn and 
spore forma- 
t ion.  
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Generally in- 
c a n d e s c e n t  
l ights are 
used for pho- 
toperiod con- 
t ro l .  

Basically t he  
same as in- 
c a n d e s c e n t  
bulbs and 
used in  sirni- 
l a r  situations, 
tungs ten- io -  
dine bulbs will 
maintain the  
same l ight  
o u t p u t  
t h r o u g h o u t  
the life of the 
bulb due t o  a 
small amount 
o f  iodine va- 
por tha t  has 
been in t ro-  
duced in to  
the atrno- 
s p h e r e  
around t h e  
fi lament. 

Figure 1. Radiant energy of tho  c l c r  trotritignclir \pertrum (adapted from IES Lighting Handbook, 
1959). 
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spectrum is red light (600-700 nm) which hclps pro- 
duce strong plant growth anti incrcasc stcin clonga- 
tion. While both light sources sound good, cithcr 
one alone would not producc a quality p!ant. 
Cholorphyll, the green pigmcnt i n  plants th;it uti- 
lizes a light rcceptor to carry out photosynthcsis is 
thought to have a greater rcsponsc to bluc liglil ~han  
to red light, but rescarchcrs dillcr i n  thcir opinions 
of this (Canham, 1966). 

Types of Supplemental Light 

In  can d esce n t L i g ti t s . G c n c ra I 1 y i n c :i n (! i: sc cn t 
lights are used for photopcriod control. Much  of 
the light emitted is in the far-rctl range (700-700 
nm). This type of light can c~ iucc  incrcnscd s tan  
elongation (Bickford and Dunn, 1972). Ii is cco- 
nomical to put up incandcsccnt light, howcvcr, ihc 
bulbs are short lived (approximntcly 1000 hours) 
(Canham, 1966). When using incnndcscciit ligh~s 
be sure that you use either rcllcctor bulbs or pro- 
vide a reflector at the fixture to incrcasc the arca 
that the light is available to the plants. Thcsc I:iinps 
are available in a wide range of s i x s  from 15 to 
1500 watts (more generally 40 io 200 watis) and in 
clear, pearl or "inside silica-coatcd" stylcs (Canhain, 
1966). 

Incandcsccnt lights give off a lot of heat for the 
wiitkigc 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 
close to the plants or scorching could occur on 
Icavcs of sensitive plants, generally three to five 
fcct above the canopy is recommended for photo- 
pcriod control. The light quality emitted by in- 
candcsccnt bulbs can change over the life of the 
bulb, however, this is gcncrally not a concern for 
night interruption lighting. For night interruption 
lighting, a minimum of 7 to 10 fc (2-5 pmolm-2s- 
1 )  of light is rcquircd to prevent flower initiation 
in poinsettia or chrysanthemum (Sachs and 
Kofranck, 1979). The spectra of incandescent 
bulbs generally in the far-red range, but if using 
lumps with dichroic reflectors in the bulb the spec- 
tra can be increased to 380 to 760 nm (Bickford 
and Dunn, 1972). 

Tungsten-Iodine Lights. Also known as tung- 
sten-halogen lights. Basically the same as incan- 
dcsccnt bulbs and used in similar situations, tung- 
stcn-iodine bulbs will maintain the same light out- 
p ~ i t  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 are available with ii 

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 incandcsccnt 
bulbs, the efficiency of the bulbs is relatively low 
compared with other types of lighting (convcrting 
only 6-12% of the input electrical cncgy into light 
energy) (Bickford and Dunn, 1972; Whcaly, 199 1). 
Tungsten lamps are often used for flood lighting. 
Their spectra is similar to that of incandcsccnt 
bulbs. 

Fluorescent Lights. Cooler than incanticsccnt 
lights, fluorescent bulbs also provide a widcr spcc- 
trum and are more efficient in convcrting i n p u t  
energy into light energy. Fluorcsccnt lamps have 
a tungsten filament in a cathode at cacti cnd of the 
tube. These cathodes produce electrons t h a t  arc 
passed through the mercury and inert  g:is t h a t  is 
maintained under pressure i n  the phosphor co:iictl 
tubes the make up die bulbs. Thc clcctrons p:iss- 
ing through the pressurized gas creak  the l ight.  
While providing more efficient lighting, ll~iorcs- 
cent lights are more expensive and providc inore 
shading due to the large ballasts required for the i r  
use compared to othcr lamp types i n  thc grccn- 
house (Whealy, 199 1:). Bccausc 0 1  this sh:iding, 
fluorescent lights arc often uscd in spccialiy sitti- 
ations such as growth chambers whcrc shading 01 
sunlight will not occur (Whcaly, I99 1). In  gron tli 
chambers fixturcs can be mounted on ;I sidc \kr ; i l l  

and provide very cvcn, well distributed light. F o r  
plants that will be grown for their cnlirc lifc i n  ;I 

growth chamber, i t  is rccornmcndcd to also h a \  c 
some incandescent lights in addition to cornplcw 
the light spectrum and give a morc “natura l”  liglii 
effect to provide for better plant growth (M’hcalj: 
1991). Fluorescent lamps arc available in various 
colors and in eight or more shade of “whitc” 
(Bickford and Dunn, 1972). Rcscarch tione b y  
Cathey et al. (1978) examined sevcn dilfcrcnt types 
of fluorescent lamps (cool white, warm white, Gro- 

l u x ,  Gro-lux wide spectrum,Agrolite, Vitalite and 
a n  cxpcrimcntal lamp) on 11 kinds of foliage and 
Ilowcring plants. While some dilkrences were secn 
w i t h  thc dry wcight of the plants under various light 
sources, the grcatcst din‘crences were seen when 
incandcsccnt light was added to bring red and far- 
rcd light into the spcctrum. Noneof the bulbs tested 
pro\,idcd enough UVlight either, no levels even ap- 
proachcd that provided by the sun. The authors 
coricludcti that the cRiciency, or ability to convert 
power into visible radiation, of the lamps used is of 
pr imary  importance, with the light quality or spec- 
tral  distribution bcing of second ordec 

1111) Lights. HID, or high intensity dischage, is a 
generic tcrm uscd LO include mercury, metal halide 
(MI I) ,  low pressure sodium (LPS) and high pres- 
sure sodium (HPS) lights (Whealy, 1991). They 
arc all considcrcd highly cfricicnt in terms of con- 
verting powcr io light cncrgy, with uniform light 
cli\trihulion and lowcr levels of shading from fix- 
tures .  Some of these lamps provide remote 
txillas~ing, o r  bnllasts that are distant from the light 
sot~rcc, to reduce shade levels over the plants even 
inore (Aldrich a n t i  Bartok, 1989). They generally 
pi-o\fidc \‘cry long livcd bulbs, 10,000 to 24,000+ 
hours comp:ucd to 750 to 2000 hours for incandes- 
cent iind iungstcn lamps, although the initial invest- 
iiii‘iit is niorc cspcnsivc. 

RIercur-y Lights. Rathcr than passing through tung- 
~ i c i i  \\‘ires ;is in  ;in incandcsccnt lamp, mercury 
1;iiiips l n s s  clcctrical current through a gas or vapor 
iiiidcr prcsstirc using a mercury arc (Bickford and 
Dunii. 1973). This is similar to a fluorescent lamp. 
Tlic IigliL protiuccd by thc mercury is typically blu- 
isti-\ihitc anti  thcrc is little l ight output in the red 
p x t  ol‘ the light spcctrum (Aldrich and Bartok, 
19S9). Thc lamp rcquircs a large ballast and a re- 
flcctor to provide the light at the plant surrace. The 
s i x  01’ tlicsc lamps make i t  dilricult to provide uni- 
form light, and thc rixturcs provide a lot ofshading 
01‘ plants f rom sunlight. Early lamps were avail- 
able oiil),  in 1000 watt bulbs. The newer 400-watt 
1:iinp is considered the best compromise for unifof 
m i t y  01’ illumination, economy of use, size of unit 
and  ; i r L > > i  covered comparcd to othcr types of lamps 
oi’siiiiil:ir s i x  (Aldrich and Bartok, 1989) Because 
oi‘ tlic prcssurc in the light bulb, if current to the 
light is cut,  even for a n  instant, the bulb must cool 
(lo\\ n bci‘orc i t  c:in be restarted, this may take five 
lo ~c i i  iiiiriutcs (Bickford and Dunn, 1972;AIdrich 
;iiiil U;irtok, 19S9). These lamps will also produce 
ii grcot m o u n t  01‘ Iicnt, so care must be taken not to 
pl:icc thcin too close to scnsitive plants, generally 
i io  closcr t h a n  fivc fcct. The spectra of mercury 

Cooler than 
incandescent 
l ights,  f luo- 
rescent bulbs 
also provide a 
wider spec- 
t rum and are 
more ef f i -  
c ient  in  con- 
ver t ing  input 
energy i n to  
l ight  energy. 

HID, or high 
intensi ty dis- 
charge, is  a 
generic te rm 
used t o  in- 
clude mer- 
cury, metal  
halide (MH), 
low pressure 
sodium (LPS) 
and high 
pressure so- 
dium (HPS)  
l ights.  

Rather than 
p a s s i n g  
through tung- 
sten wires as 
in an incan- 
descent lamp, 
m e r c u r y  
lamps pass 
electrical cur- 
rent  through 
a gas or vapor 
under pres- 
sure using a 
mercury arc. 
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Metal  halide 
lamps are less 
efficient, 1 2 0  
t o  1 2 5  per 
w a t t  com- 
pared t o  an 
eff iciency o f  
1 3 5  t o  140 
lumens per 
w a t t  for  HPS 
lamps, and 
shorter  l ived 
than LPS or 
HPS lamps. 

R e s e a r c h  
from t h e  
USDA showed 
that low pres- 
sure sodium 
lamps, wi th  
t h e  addit ion 
o f  l ight  f rom 
incandescent 
lamps pro- 
vided simulta- 
neously, pro- 
duced plants 
t h a t  were  
more compact 
with higher 
fresh weight  
than plants 
grown under 
low pressure 
sodium lights 
alone. 
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lampspeaks at 365.4,404.7,435.8,546.1 and 578.0 
nm, covering a wide area of the spcctrum (Bickford 
and Dunn, 1972). 

Metal Halide Lights. These lamps providc thc bcst 
spectral distribution of all of thc HID lamps with 
wavelengths in the blues, rcds and far rcds (Bickford 
and Dunn, 1972). Metal halide lamps arc lcss clfi- 
cient, 120 to 125 per watt comparcd to an  clficicncy 
of 135 to 140 lumens per watt for HPS lamps, and 
shorter lived than LPS or HPS lamps. Thcy arc 
very effective in retail arcas whcrc a niorc natur:iI 
white light isprovidcd giving thc most natural light- 
ing for the plants and customers (Whcaly, 1991). 
The spectra has a peak light output in thc bluc to 
green area of 320 to 540 nm (Bickford and Dunn, 
1972). 

Low Pressure Sodium Lights. Wliilc thc most cf- 
ficient supplemental light sourcc, LPS lights are not 
widely used (Aldrich and Barlok, 1989). Rcscarch 
from the USDA showcd that low prcswrc sodium 
lamps, with the addition of light from incandcsccnt 
lamps provided simulmcously, produccd plants thnt 
were more compact with highcr rrcsh wcight thnn 
plants grown under low prcssurc sodium IigIiLs alone 
(Cathey et al., 1982). Thcy producc vcry littlc hcat 
and the light provided is in the yellow rangc (Altlrich 
and Bartok, 1989). The lamps rcquire ii rathcr hrgc 
fixture that can cause shading problcms (Whcaly, 
1991). The spectra for thcsc lamps is 580 to 650 
nm (Bickford and Dunn, 1972). 

High Pressure Sodium Lights. Gcncrally consid- 
ered the best supplemental lighting sourcc for grccn- 
house production, HPS lamps providc light in thc 
upper end of the spcctrum (rcd, orangc and yellow) 
at 550 to 700 nm (Bickford and Dunn, 1972). Thcy 
are very efficient and fewcr fixturcs arc nccclcd to 
provide as much light as with othcr typcs. Thcsc 
lamps provide more photosynthcticnlly uscful light 
per unit of electricity than othcr light sourccs anti 
they are among the most clricicnt uscrs o f  clcctric- 
ity to produce the light. They h a w  vcry long livcs 
(for example, 400- or 1,000-watt sodium lamps arc 
rated to last 24,000 hours; mctal h;ilidc, 20,000 
hours; low pressure sodium, 18,000 hours; and 11uo- 
rescent, 15,000) and the fixtures and rcllcctors arc 
smaller than other lamps (Whcaly, 1991). As with 
other HID lamps, interruption of elcctrical current 
will cause the lights to shut down and will rcquirc 
about one to two minutes for the bulbs to be rclit 
(Aldrich and Bartok, 1989). 

The cost of all supplemental lighting nccds to bc 
weighed against thc benefits to thc plants. In many 

cascs the cost can be minimal compared to the 
bcncfits of improved plant growth. The cost of 
lighting is decreasing and the efficiency of most 
lypcs of lights is increasing. The benefits of 
supplcmental lighting will be the greatest if other 
growth factors aren’t limiting, such as tempera- 
turc, fcrtility and water. As with any improve- 
mcnt in growing conditions, it is the overall envi- 
ronment that must be improved so that the plant 
can makc the most of the conditions provided. 
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G e n e r a l l y  
c o n s i d e r e d  
the  best 
supplemental 
l i g h t i n g  
source for  
g r e e n h o u s e  
p r o d u c t i o n ,  
HPS lamps 
provide l ight  
in the  upper 
end o f  the  
s p e c t r u m  
(red, orange 
and yel low) 
a t  5 5 0  t o  
700 rim. 

The benef i ts 
o f  supple- 
mental  l ight -  
ing will be the 
greatest  i f  
other  growth 
factors aren’t 
l imiting, such 
as ternpera- 
ture, fer t i l i ty  
and  water. 




