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INTRODUCTION

The widespread application of electric (often called artificial) light in greenhouses, growing

rooms, and plant growth chambers would presuppose that the role of phytochrome would be

considered in the selection and use of such lighting systems. Unfortunately this is not usually

the case. Part of the problem is that many students, and indeed an unfortunate number of

senior scientists, seem to regard phytochrome as a laboratory phenomenon without much

application in the real world. They simply have not grasped the concept that phytochrome is

functioning through all stages of plant development, wherever plants are grown. It is certainly

true, as Meijer (1971) stated, that one cannot compare experimental results obtained under

very strict laboratory conditions with plant irradiation in glasshouses and in growth rooms.

For example, the action spectrum for flowering of the long-day plant, Hyoscyamus niger,

(Parker et al., 1950) clearly shows that red radiation is the most efficient portion of the

spectrum for promoting flower initiation, but in practical photoperiod control red or

fluorescent lamps do not promote flowering nearly as well as the mixture of red and far-red in

incandescent lamps. Nevertheless, much evidence exists that documents phytochrome control

of plant growth and development in controlled environments and under natural conditions.

When Karl Norris developed the first practical portable spectroradiometer about 1962 some of

the first measurements were to determine the red/far-red ratios under tree canopies (Downs

and Hellmers, 1975). These measurements showed clearly the predominance of far-red in the

understory and suggested that far-red was contributing to the elongation exhibited by many

species growing in the shade, and possibly was a factor in the induction of light requirements

in seeds. Subsequently we used Catalpa leaves as far-red filters to make light-insensitive

lettuce seed light requiring. Much more detailed work, as reported in the preceding paper, has

since been done on phytochrome effects in the natural environment, and it is encouraging to

note that efforts are bring made to apply phytochrome research to horticulture (Decoteau, et

al., 1993).

GREENHOUSES

As everyone interested in photoperiodism knows, L.H. Bailey (1891, 1892, 1893) used light

from a Brush carbon-arc lamp to supplement natural light and extend the day in greenhouses.

This was not; however, the first attempt to study the effects of electric light on plant growth.

"The research reported in this publication was funded by the North Carolina Agricultural

Research Service.



Carbonlamps* wereusedby Mangon(1861),andcarbonarc lampsoperatedfrom steamor
Otto gasenginedriven Siemens,Grammes,or Alliance dynamoswereusedasearly as1853
andlaterby Siemens(1881), Deherain(1881),andBonnier(1895). Prillieux (1869)
investigatedtheeffectsof Drummond'slamp**andgaslight usedfor ordinary lighting onplant
growth. Later Welsbachmantleincandescentgaslight lamps***(Corbett, 1899),neon
(Hostermann1922;Roodenburg,1933),incandescent-filamentlamps(Rane,1894;Tjebbes
andUphof, 1921;Harrington, 1926;Truffaut andThurneyssen,1929),andquartzmercury
lampslike theCooper-HewittUviarc wereusedfor greenhousesupplementarylight. SeveraJ
early researchersnotedtheelongatingeffectsof thegreenhousesupplementarylight, especially
whenincandescent-carbonor incandescent-filamentlampswereused(Bonnier, 1895;Massart,
1920;Ramaley,1931).Useof theterm supplementarylight (to supply what is lacking) is

somewhat confusing, because in many cases the supplementary light was used continuously,

throughout the night (Hostermann, 1922; Harrington, 1926), or only during the dark period

(Cathey and Campbell, 1975), rather than as a supplement to natural light. In these studies, at

least some of the growth effects reported are surely due to a response to the extremely long

photoperiods, to end-of-day photomorphogenic effects, and to root zone warming rather than

to additional photosynthesis.

Using artificial light, usually from incandescent-filament lamps, for deliberate photoperiod

control was initiated by Garner and Allard (1920) and was soon followed by many others. As

photoperiod control became a production tool for floriculture and plant breeding, the more

efficient fluorescent lamps were installed in a number of commercial greenhouses, often with

unfortunate results; specifically failure or delay of flowering in long-day plants. Borthwick znd

Parker (1952) investigated this problem by comparing several kinds of fluorescent lamps,

including special phosphor lamps, to incandescent lamps for efficiency in extending the

greenhouse day to promote flowering of long-day plants. Annual beet and sugar beet flowered

poorly or not at all under daylength extensions with any kind of fluorescent lamp, but flowered

promptly when incandescent-filament light was used (Table 1). Although Od6n, et al. (1932),

Rasumov (1933), and Wenger (1934) had noted that the long wavelengths of light were

necessary, or at least promotive, to normal flower stalk development, red radiation was

considered the principal part of the spectrum controlling flowering. The action spectrum data

probably influenced Borthwick and Parker (1952) to suggest that the much greater responsive-

ness of plants to light from incandescent-filament than from fluorescent lamps was because the

incandescent emitted a much greater percentage of red radiation than the fluorescent lamps. A

few years later, of course, it was firmly established that the far-red emittion, or the lack

thereof, had a strong influence on the response of plants to photoperiod control lighting.

"This was probably the Robert's lamp introduced in 1852 in which a graphite rod was heated

to incandescence in a vacuum or later in a nitrogen atmosphere.

•"Drummond's lamp, invented in 1826, heated a button of calcium oxide to incandescen_.e.

The resulting light was usually projected as a beam.

•"Patented in 1886, Welsbach mantle lamps were made with a cotton wick impregnated with

thorium oxide and a small amount of cerium oxide.
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TABLE 1. Effect of light source on flowering of beets. (Borthwick and Parker, 1955)

Photoperiod Control

Light Source

Annual Beets

Seed Stalks

(per lot of 20)

Sugar Beets

Flower Stalks

(per lot of 12)

Incandescent 19 11

Fluorescent

Warm White 3 0

Soft White 1 0

Cool White 1 0

Daylight 2 0

Agricultural* 4 0

* Agricultural lamps emitted more red than the white lamps.

Many subsequent studies of photoperiodism compared daylength extensions obtained with

fluorescent or incandescent light. Compared to fluorescent, the incandescent extension induced

increased stem length in evergreen and deciduous tree species as well as herbaceous species

such as tomato and soybean, promoted heading in millet, barley, and wheat, induced earlier

flowering in Hyoscyamus niger, Petunia, dill, and other long-day species (Downs, et al., 1958;

Downs and Hellmers, 1975; Vince-Prue, 1975), and produced greater pod set in H. niger

(Table 2). Bulbing of onions was promoted by incandescent photoperiod control lighting and

failed to occur when fluorescent was used (Woodbury and Ridley, 1969). Fluorescent

photoperiod lighting failed to inhibit flowering of red-insensitive soybean varieties (Table 3),

and when using photoperiod light to make a 13.5 h day for the most normal rate of

reproduction in Ransom soybeans, incandescent lamps resulted in more pods than fluorescent

lamps (Table 4).

TABLE 2. Reproduction of Hyoscyamus niger as affected by the source of light used to

extend an 8-hour day in the greenhouse to 16 hrs.

Photo-period Light Source Duration Stem Length Time to Fruit Set

(h) (d) (cm) Anthes is ( % )

(d)

8 none 61 0.2 Vegetative 0

16 Incandescent 52" 42 27 66

16 Fluorescent 61" 34 36 12

* Anthesis plus 25 days
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TABLE 3. Growth and reproduction of Blackhawk soybeans after 60 days under short days

with various daylength extensions using incandescent or fluorescent light.

Light Regime Stem Length Days to

(cm) Anthesis

Pods > 2 cm in Length

Number Weight (mg)

9 h 37 28 27 745

20 h Incandescent 160 60 0 0

20 h Fluorescent 73 32 50 959

20 h Incandescent

and Fluorescent 168 58 0 0

TABLE 4. Effect of the source of photoperiod control lighting on growth of Ransom

soybeans in temperature-controlled greenhouses.

Light Source Stem Length Leaf Area Fresh Pod Number Pod Weight

(cm) (cm 2) Weight (g)

(g)

Incandescent 68 4859 178.9 77 0.926

Fluorescent 42 2926 88.6 66 1.112

After the far-red reversibility of the red inhibition of hypocotyl growth in dark-grown

seedlings was established (Downs, 1955), it was of interest to determine if this reversibility,

and its confirmation of the activity of phytochrome, was also evident in internode growth of

light-grown plants (Downs, et al., 1957). Irradiating bean plants for brief periods at the

beginning of each dark period with far-red, so that the plants entered the dark period with

phytochrome predominantly in the red-absorbing form, resulted in a large increase in

internode length. The amount of elongation was proportional to the dark period remaining

after the irradiation and was reversible by a subsequent exposure to red. Additional studies

showed that what is now called 'end-of-day' far-red produced similar effects on most other

bean varieties, sunflower, peanut, and morning glory. Also, end-of-day far-red promoted

flowering of long-day plants, like dill, and short-day plants, such as millet (Downs, 1959) anJ

milo (Lane, 1963), and had a marked effect on flowering of H. niger (Table 5). Extending the

day with incandescent light is in effect providing end-of-day far-red, and the far-red effect

becomes greater as the duration and irradiance of the incandescent light in increased.
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TABLE 5. Effect of a long-day induction period with fluorescent light on promotion of

flowering in Hyoscyamus niger by far-red at the close of 8-hour post-induction light periods.

10-day Post-induction Stem Length Stage of

Pretreatment Far-red (mm) Flowering

Photoperiod (mins)

8h 0 0 0.0

8 h 5 0 0.0

16 h 0 13 3.0

16 h 5 43 6.0

High intensity discharge lamps are now widely used in greenhouses to supplement the low

natural light levels of winter (Templing and Verbruggen, 1975; Duke, et al., 1975). Some

researchers also use HID lamps, especially high pressure sodium (HPS) lamps, for

photoperiod control lighting to prevent dormancy and to promote flowering of long-day plants.

HPS lamps, however, are reported to be much less efficient than incandescent lamps, requiring

a 4 to 8 fold increase in irradiance to provide the same photoperiodic stimulus as the 1:1

red/far-red ratio* of incandescent lamps (Cathey and Campbell, 1964). In fact, the benefits of

HPS supplemental light is enhanced by the addition of some incandescent lamps (Cathey and

Campbell, 1977).

Today the incandescent lamp remains the chief source of light for photoperiod control because
it is well established that a red/far-red ratio of 0.671"* is more effective than the 7.6969 ratio

from fluorescent or the 2.7 of HPS and 2.5 ratio of MH high intensity discharge lamps.

PLANT GROWTH CHAMBERS

Early attempts to use electric lamps as the sole source of light for plant growth chiefly used

nitrogen-filled incandescent-filament lamps, the Mazda C lamp (Harvey, 1922; Maximov,

1925; Davis and Hoagland, 1928; Sande-Bakhuyzen, 1928; Redington, 1929; Truffaut and

Thurneyssen, 1929; Stoughton, 1930; Arthur et al, 1930; Steinberg, 1931; Bracket and

Johnston 1932; Johnston, 1932; Wilson, 1937; Wettstein and Pirschle, 1940), although some

of these efforts utilized neon, low-pressure sodium, mercury tungsten, mercury arc, mercury

vapor, or carbon-arc light, alone or in conjunction with incandescent lamps in order to

increase the illuminance (Roodenburg, 1931; Johnston, 1938; Steward and Arthur, 1934;

Weigel and Knoll, 1936; Pirschle and Wettstein, 1940; Ullrich, 1941; Aberg, 1941, 1943).

Several of these examples where incandescent light was used noted excessive stem elongation.

Roodenburg (1940) stated that near infra red produces a specific elongation effect and Aberg

(1943) in noting the elongation that occurred, concluded that "The infra-red rays of shorter

"The red/far-red ratio of incandescent lamps is more nearly 0.67 than 1

•"640-660/720-740 nm
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wavelength that penetrate a layer of water 3 cm in thickness probably have a favorable effect

on the internode elongation in the tomato plant. "

In addition to the etiolation, a major problem with these early efforts was the low light level,

equivalent to about 160/_mols m -2 s-_ and often less, generated by these lamps. In order to

obtain a higher illuminance, Mitchell (1935) installed a new type, high intensity, carbon-arc

lamp for respiration and photosynthesis studies. These lamps had been designed for use in

hospital solaria to treat extrapulmonary tuberculosis patients. Gains made by the patients

during summer exposure to sunlight were lost during winter months due to low light levels ancl

cloudy days. Clinical sunlight, recommended at 140-160 mW m 2 between 290 and 310 nm,

could be and was supplied by these carbon arc lamps (Grieder and Downes, 1932).

E.J. Kraus and Jack Mitchell left the University of Chicago about 1935 to join the Beltsville

photoperiod project. Thus it was probably at their recommendation that the four temperature-

and humidity-controlled plant growth chambers that were installed at Beltsville about 1937

were equipped with these carbon-arc lamps. Soybeans grown under the arc lamps consistently

had a lower carbohydrate content than plants grown in the greenhouse. Parker and Borthwick

(1949) concluded that the low carbohydrate level probably resulted from the small amount of

red radiation emitted by the 'Sunshine' carbons in these carbon-arc lamps. So the following

year they installed incandescent lamps that provided 8 to 10% of the illuminance of the arc

lamp to provide additional red radiation. Soybeans grown under carbon-arc light plus

incandescent revealed an increase in starch and sugars that could not be accounted for by the

small increase in illuminance (Table 6). In retrospect it seems strange that Parker and

Borthwick (1949) would attribute these gains to the increase in red due to the incandescent

since a much larger increase in red obtained by using a different type carbon, .025 carbons,

had very little effect. (Table 6).

TABLE 6. Carbohydrate composition of Biloxi soybeans grown for 4 weeks under a carbon-

arc lamp utilizing different carbon types, with and without incandescent lamps. (Parker and

Borthwick, 1949)

Carbon Type Red Reducing Sugars Sucrose Starch

%*
(mg per plant)

Sunshine Carbons 42 32.5 6.6 39

Sunshine Carbons

+ Incand.
49 73.0 14.0 70

Sunshine Carbons

+ 025 Carbons 51 45 8.0 36

* 650 nm as percent of 450 nm radiation.
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Thesecarbonarc/incandescentlightedchamberswerekept in almostcontinuoususefor over 30
years,but operationaland maintenanceproblemsinducedParkerandBorthwick (1950) in 1947
to beginplanninga controlled-environmentroom lightedwith fluorescentlamps.Severalyears
earlier fluorescentlampshadbeentestedsatisfactorilyfor plant growth (Naylor andGerner,
1940;HartmannandMcKinnon, 1943;Hamner,1944;Went, 1944),but the low illuminance
availablefrom theselampswasinadequatefor controlled-environmentrooms.The introduction
of the 8 ft. slimline lampfollowing World War II seemedto providea meansof obtaining
sufficient illumination for plant growthover relatively largeareas,especiallywhenthe lamp
currentwas increasedfrom 200 to 300mA. During thedesignphaseof this room, Parker
comparedplant growthunderslimline fluorescentwith andwithout incandescentsupplementary
light. As with thecarbon-arclamp rooms,theavowedpurposeof the incandescentlampswas
to increasea possibledeficiencyof red radiation.The supplementaryincandescentlight resulted
in an 18% increasein dry weight. Withrow andWithrow (1947)hadreportedthat adding
incandescentto fluorescentlight increasedyield, andlater reportsverified theincreasedgrowth
dueto addedincandescentlight (DunnandWent, 1959;Helson, 1965;DeutchandRasmussen,
1974;Catheyet al, 1978).DunnandWent(1959)notedthat theeffectof adding 10%of the
fluorescentilluminancewith incandescentwasnogreaterwhenaddedto red fluorescentthanto
blue fluorescent,concludingthat "while the most obvious explanation is that the effect is due to

the infra red radiation of the incandescent lamps, it is unlikely that the far-red and infra red

rays of the incandescent light was responsible (for the increased growth) since they would have

been more effective when added to blue than to the red fluorescent light"

Parker planned additional experiments to evaluate the plant growth effectiveness of various

kinds of fluorescent lamps, including experimental lamps with special phosphors like the

Agricultural, and to examine other quantities of incandescent supplementary light. The results

of these studies were never published, but when the fluorescent-lighted room was completed

about 1950 it contained cool white fluorescent and incandescent lamps that provided about 10%

of the illuminance of the fluorescent lamps. In order to facilitate future plant growth chamber

construction, Joe Ditchman, a GE engineer assigned to biological lighting development,

calculated that 10% of the illuminance of the slimline fluorescent lamps could be obtained by

installing incandescent lamps at the rate of 30% of the fluorescent wattage. Due to lack of data

on plant response to other levels of incandescent supplementary light, this value, 30% of the

installed fluorescent watts, became a guideline for use in growth chamber design. The validity

of this percentage, of course, was lost as designers increased the efficiency of the fluorescent

lamp. For example about 1963, a chamber was constructed at Beltsville using 1500 mA, non-

circular cross section, fluorescent lamps and, while the incandescent effect was still apparent at

light levels as high as 500 fzmols m-: s-t (Table 7), increasing the intensity of the main light
source decreases the incandescent effect of the 'standard' incandescent installation. This fact

was also noted by Meijer (1957) and Sanchez and Cogliatti (1975). Thus it is not surprising to

find that increasing the percentage of incandescent watts increases the incandescent effect in

chambers lighted with 1500 mA lamps (Krizek and Ormrod, 1980; Murakami, et al., 1991).

75



TABLE 7. Effect of radiation from incandescent lamps during the fluorescent light period on

growth of Ransom soybeans after 32 days

Main Axis Branches

Light Source Length Leaf Area Number Leaf Area

(cm) (cm 2) (cm 2)

Fluorescent 77 1235 8 1993

Fluorescent plus 93 1410 5 1622

Incandescent

In addition to increased plant weight (Rajan, et al., 1971; Deutch and Rasmussen, 1974; Hurd,

1974), the addition of incandescent light to the fluorescent system also resulted in increased

flower weight and number of florets in Chrysanthemum, while reducing the number of days

required to develop flower color (Hassan and Newton, 1975) and improved flowering of long-

day plants (De Lint, 1958; Friend et al 1961; Dietzer et al, 1979). The incandescent light may

also increase stem elongation, alter leaf area, and reduce branch and tiller development (Rajah,

et al., 1971; Summerfield and Huxley, 1972; Proctor, 1973; Deutch and Rasmussen, 1974;

Downs and Thomas, 1990; Casal, et al., 1985). Moreover, if the incandescent and fluorescent

lamps are not turned off simultaneously a substantial, often undesirable, stem lengthening can

occur (Table 8) that may not be recognized by many plant growth chamber users as an end-of

day far-red effect. With some plants incandescent light is essential for normal plant

development (Friend, et al., 1961), but it is also clear that with other plants incandescent light

is a major factor in the inability to simulate the field phenotype (Tanner and Hume, 1976).

TABLE 8. Effect of light quality for a 30 minute period after the close of the high-intensity

light period on growth of tobacco seedlings.

Light Source Stem Length Fifth Leaf

Variety (cm)
Length Width

(cm) (cm)

Coker 319 Fluorescent 6.3 9.7 16.2

Incandescent 13.7 10.0 19.7

NC2326 Fluorescent 5.7 9.0 15.8

Incandescent 10.0 10.2 19.5

While fluorescent-lighted chambers have been constructed without incandescent supplemental

light (Do,,renbos, 1964), the advantages of using the incandescent to increase growth,

accelerate flowering in long-day plants, control flowering in red-insensitive varieties, and
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produceend-of-dayfar-redeffectsmakestheir additionin fluorescent-lightedplant growth
chambersextremelyusefulandin somecasesindispensable.For exampletissueculturesof
Loblolly pine fail to differentiatewithout incandescentlight addedto thefluorescentsystem.

In othercaseswheretheincandescentsupplementallight is a detrimentto obtainingthe growth
or plant habit desired,the problemcanbesolved,in soybeansat least,by utilizing correct
photoperiodregimesand/orusingtheincandescentlampscorrectly (DownsandThomas,
1990).In otherexamplesof inadequateplant development,the incandescentlampscanbeeasily
turnedoff.

HIGH INTENSITY DISCHARGELAMPS

High intensitydischarge lamps in the form of mercury or phosphor-coated mercury (sometimes

called mercury-fluorescent) lamps were added to the fluorescent-incandescent system as early as

1955 (Oda, 1962). The development of similar systems by others soon followed (Leiser, et al.,

1960; Yamamoto, 1970); each apparently without knowledge of the other installations.

Chambers lighted solely with phosphor-coated mercury lamps also were constructed

(Bretschneider-Hermann, 1964; Chandler, 1972; Smeets, 1978), but the low efficiency of these

lamps limited their use. When the highly efficient metal halide lamps were introduced, plant

growth chamber designers quickly incorporated them into new chambers (Nakamura, 1972;

Kawarda and Shibata, 1972; Warrington, et al., 1976; Eguchi, 1986) and ultimately retrofitted

them into older chambers (Downs, 1988). The further increase in light-producing efficiency

achieved by the introduction of the high pressure sodium lamp about 1965 resulted in a number

of trials with this light source (Downs and Hellmers, 1975). In our studies, HPS proved less

than satisfactory as a sole source of light for field crop plants, but plants grew well when

irradiated with a 1:1 mixture of mercury, or metal halide and HPS. In contrast to our earlier

results, Smeets at Wageningen designed a 100 m 2 room with only HPS lamps that appears to

provide satisfactory growth of several floricultural crops (personal observation).

Although HID lamps can provide the same irradiance as fluorescent lamps at a substantially

reduced power requirement, the chief reason for using them seems to be to increase the PPFD

above that normally available from fluorescent lamps. An exception is the work at the Climate

Lab in New Zealand, which was primarily interested in obtaining a spectral distribution

equivalent to sunlight including an appropriate red/far-red ratio (Warrington, et al., 1976;

Warrington, et al., 1978), and was only secondarily interested in super high light levels.

Today we see chambers being constructed with light levels equalling or exceeding peak solar

radiation. The reason given for the high irradiance is usually that it is necessary for simulating

field studies. It would seem that the R/FR ratio of natural light would also be a requirement

for simulating field studies, but this subject is rarely encountered in arguments for artificially-

produced solar irradiance levels. The spectral distributions of the tin chloride lamp, which was

never produced commercially, and the Tungsram daylight metal halide containing dysporsium

(Tischner and Vida, 1981) come very close to matching the natural light spectral distribution.

A question that arises frequently in the design of HID-lighted growth chambers is whether

incandescent lamps should be added. Tibbitts, et al., (1987) reported that incandescent lamps

had little to no effect on growth of mustard and wheat when they were added to high intensity
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dischargelamps.However, therewasa smallbut significantincreasein soybeanvegetative
growth (Fig, 1), and Casal,et al. (1985)reportedthat incandescentlight reducedtillering and
advancedreproductivedevelopmentin Lolium.

MH+ HPS MH +HPS+Inc

Fig. 1. Schematic of Ransom soybean growth after 30 days under a 1:1 ratio of high pressure

sodium and metal halide lamps with and without incandescent.

We originally assumed that the lack of far-red effect when incandescent lamps were added to

HID-lighted chambers was due to the higher HID irradiance. This is not a satisfactory

explanation, however, since a marked far-red effect failed to be discernable at HID light levels

comparable to fluorescent-lighted rooms (less than 500 #mols m 2 sl). Part of the problem

seems to be that incandescent lamps provide red as well as far-red;and thus, the net increase in

far-red relative to red is not as great as might be assumed. For example, the red/far-red ratio in

a reach-in chamber lighted with 16, 115-W VHO fluorescent lamps was 6.684. Adding

incandescent at an input wattage of 33 % of the installed fluorescent watts reduced the R/FR

ratio to 1.884. When we retrofitted this chamber with HID lamps the R/FR ratio was 2.526

with MH and 2.749 with a 1:1 mixture of MH and HPS lamps. Adding incandescent decreased

the ratio to 1.7 and 2, respectively. These ratios are similar to those from fluorescent-

incandescent systems but the far-red effect is much less.

In part, this lack of an incandescent effect can be alleviated by increasing the incandescent lama

wattage (Warrington, 1978) to equal that of the HID lamps. While a properly designed reflectc.r

and ventilation system can remove the thermal radiation from the HID lamps (Downs, 1989),

the large amount of long wavelength radiation resulting from such a large wattage of
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incandescent lamps makes a water filter essential. Unfortunately, the water filter is often not

practical because it increases design costs and requires much more maintenance than the typical

lamp loft barrier. The heat removal problem might be avoided by adding far-red without any

increase in red radiation. In theory this could be done by using blue incandescent lamps which

have a red/far-red ratio of 0.004 compared to the 0.671 of white incandescent ones, but in

practice the far-red effect from blue incandescent lamps added to HID lamps is about the same

as with white incandescent lamps.

Plants grown under HID lamps often produce abnormally short internodes, a fact observed by

Warrington et al (1978), even when incandescent lamps were added. End-of-day exposures to

incandescent lamps can be used as a tool to increase internode lengths to more acceptable

values (Table 9). End-of-day irradiations with blue incandescent lamps, however, produce

excessive elongation. (Table 10). Also, using the incandescent lamp for dark period

interruptions, as an end-of-day treatment, or for daylength extensions can accelerate flowering

of many long-day plants and control flowering of red-insensitive soybeans. The evidence seems

to favor the addition of incandescent lamps to HID systems.

TABLE 9. Oregon 91 snapbeans grown under MH and HPS lamps with and without 30 min

end-of-day incandescent irradiation.

Stem Length Branch Length Leaf Area Top Weight

Light Source (cm) (cm) (cm -2) (g)

Incandescent 31.0 33 814 32.86

No Incandescent 11.4 19 626 25.78

TABLE 10. Seneca chief squash grown under MH and HPS lamps with 15 min. end-of-day

exposures to white or blue incandescent lamps.

Length

Light Source Hypocotyl Stem Petiole Leaf Area Top Weight

(cm) (cm) 1st Leaf (cm 2) (g)

White 1.6 2.7 12.8 514 26.53

Incandescent

5.3 7.6 29.4 388 32.77

Blue

Incandescent



And thus, it is recommendedthatthedesignandconstructionof plant growth chambers
continueto containa provisionfor utilization of the incandescentlampaspartof thetotal
irradiancesystem,to be implementedat thediscretionof the investigatorto meetthe
phytochromerequirementsof thevariousbiologicalorganismsthat maybegrown in the
chamber.
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