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Incandescent-filament lamps are known to be superior to 
fluorescent lamps for use as a supplement to sunlight for the 
promotion of flowering in certain types of long-day plants includ­
ing relatively mature sugar beets (2,3)3. Incandescent lamps 
have been used successfully in studies at Fort Collins, Colorado, 
as the sole source of light for very young sugar beet seedlings 
during the process of induction under low-temperature condi­
tions-sometimes called vernalization-and as the source of sup­
plemental light during the postinduction period (5,6,7). The 
seedling induction technique has been rather widely adopted 
by sugar beet breeders as a means of reducing the length of th e 
life cycle and expediting the development of new varieties. Some 
of the induction installations are relatively large (1,4) and re­
quire considerable electricity for refrigeration as well as for 
illumination. A suitable light source producing less heat than 
the incandescent type would be desirable as a means of reducing 
refrigeration costs. 

The investigations reported in this article were undertaken 
primarily to determine whether fluorescent lamps could be su b­
stituted, a t least in part, for incandescent lamps during the in­
duction treatment. Also in some experiments, the two types of 
lamps were compared during the postinduction period. The 
contrasting plant response to illumination by fluorescen t lamps 
during the two developmental stages is of special significance and 
suggests a new concept with respect to the process -prev iously 
referred to by the writer as photothermal induction. The 1959 
results were presented at the II th General Meeting of the Amer­
ican Society of Sugar Beet T echnologists" but publication was 
postponed until additional data could be obta ined. 

1 Report of investi ga tions conducted bv the Crops Research Di vision, Agricultu ral Re­
search Service, U.S. Department of Agriculture, in cooperation with the Colorado Agricultural 
Experiment Station; publ ication approved by th e Experiment Station Director as Scienti f ic 
Series Article No. 860. 

' Plant Pathologist, U.S. Department of Agriculture, Fort Collins, Colo. Assistance of 
Luther 'W_ Lawson and Joseph A. Elde r, Agricultural Resea rch Technicians, in conduct ing 
the experimen ta l work, is ack nowledged. 

a Nurnbers in parentheses refer to literature cited. 
• An informal report, "Further studies on the use of art ificial illumination during and 

after photothermal induct ion of sugar beet seed lings" . presented by John O. Gaskill on 
Februa ry 4, 1960, Salt Lake City, U tah . 
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Material and Methods 

Open-pollinated, relatively heterogeneous, biennial-type sugar 
beet varieties or strains with a bout average low-temperature 
induction requirements were used for all studies reported in this 
article. The commercial variety G \\'359 was used in experiments 
1 and 2 and noncommercial material in experiments 3 and 4. 
Seed was planted in steamed soil in aluminum tubes 
1V2 X 1V2 X 3V2 inches in size. The tubes were held initially 
in fiats on a bench in the greenhouse with moisture and tempera­
ture suitable for rapid growth. Incandescent lamps were used 
to furnish nightlong supplemental light throughout the pre­
induction growth period in all experiment.s except No. I, in 
which no supplemental light was provided during that period. 
Soon after emergence, the plants were thinned to four per tube. 

Between 9 and 14 days after planting, the tubes were trans­
ferred to a refrigerated induction chamber where continuous 
artifi.cial illumination was provided in complete absence of sun­
light. Temperature among the plants in each experiment, with 
the thermometer bulb about V2 inch above the soil and exposed 
to the direct rays of light, fluctuated between 6° and 9° C, ap­
proximately, and averaged about or slightly above 7°. The air 
was circulated continuously in the induction chamber by means 
of fans , and air flow among the seedlings of each group was 
regulated in such a manner as to counteract the differing- heating 
effects of the experimental light units. By this means, the differ­
ences among the temperature averages recorded for the respective 
treatments, within any given experiment, were held to less than 
0.5°. In some experiments, comparable, non induced control 
plants were included. These plants were started in the gTeen­
house with timing such that they were about the same size as 
the induced plants when the latter were ready for removal from 
the induction chamber. ­

At the end of the induction treatment, the 4-plant cluster in 
each tube was transplanted in soil in one 6-inch pot. The pots 
were placed in the gTeenhouse or outdoors, with or without 
supplemental light, as described for the respective experiments. 
The greenhouse was cooled artificially during hot weather, and 
temperature conditions favorable for rapid plant grovvtb were 
maintained. Plants located outdoors were covered with ~-incb­
mesh wire screen for protection against bail. In certain instances 
the postinduction treatments were discontinued and the plants 
were returned to the greenhouse, a short time before the final 
counts were made , as a safeguard aQ;ainst freezing injury. Arti­
ficial fertilizers were applied as needed during the postinduction 
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period. The plants were examined periodically and a record 
kept of initial flowering. Ordinarily each plant was removed 
from the pot when recorded as flowering. 

The Gro-Iux fluorescent lamp was developed by Sylvania 
Lighting Products, and all other fluorescent lamps used were 
products of the General Electric Company. Only the Gro-lux, 
with energy emissions concentrated in the red and blue regions 
of the spectrum, had been designed especially for use in plant­
growth chambers. Nonreflecting shields were used as needed in 
the induction chamber, field , and greenhouse to protect each 
treatment group from extraneous light. An ordinary foot-candle 
meter was employed for measuring lig'ht intensities at or near 
the level of the plant foliage. These measurements were made 
merely for reference purposes, in recognition of the fact that, for 
the various types of lamps used, the data do not accurately reflect 
either total radiant energy or relative biological effectiveness (3). 

Experiment 1 

Experiment I ,vas designed primarily to compare types of 
light in the induction chamber. The following lig-ht units were 
used: (a) one ordinary, 100-w, 120-v, imide-frosted, incandescent 
lamp in a medium-depth reflector; and (b) two 20-w, 24-inch, 
starter-operated , deluxe warm white fluorescent lamps in a single 
reflector. Placement of the light units, light shields, and four 
groups of sugar beet seedlings was such that each group received 
about 62 ft-c at the center, with percentages of light from the 
fluorescent source as follmolfs: 0, 10, 84, and 100 for treatments 
I-I, 1-2, 1-3, and 1-4, respectively. The intermediate percentages, 
10 and 84, are approximations. A set of non induced control 
plants was assigned the treatment No. 1-5. 

At the termination of the induction period (47 days, ending' 
on July 21, 1959), each oE the five sets of plants was subdivided 
into five comparable groups which were subjected to the follow­
ing respective conditions through out the postinduction period: 

P-l: In greenhouse; nightlong supplemental light sup­
plied by one 100-w incandescent unit (same as that 
used in the induction chamber) suspended 3 feet 
above the surface of the soil in the pots. The average 
light intensity at night, 9 inches above the soil, was 
approximately 37 ft-c. 

P-2: In greenhouse; nightlong supplemental light sup­
plied by one 40-w fluorescent unit (same as that used 
in the induction chamber) suspended 3 feet above 
the soil. The light intensity measurement compar­
able to that of treatment P-l was 30 £t-c. 
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In greenlwme: no supplemental I 
P-4: Outdoors: supplemental light same as for pol. 
P-5: Outdoors; no supplemental light. 

chamber with 
Fach 

treatments were 
Incande~cent, 75 w, 87 h-c. 

1-7: Incandescent, 40 w, 29 ft-c. 
1-8: Fluorescent (deluxe warm wh 40 W, 6] ft·c. 
1-9: FluorescenL cool \vh 40 w, 92 
1-10: Fluore~cent. purple (1 Ted lamp and 

40 w, '27 ft-c. 
The chief purpose of this was the 

light units of equal watta;:re without to J 
produced. The 75-w unit was included in oreler to 
mentary information. There were cwo of 
4 and 8 weeks-both endinf?; on !\ugust 10, 1960. On 
a II plan ts were transferred to t he where nigh tlong 
supplemental illumination was means of incan­
descent lamps. 

Expel'irnent 3 
The (~ro-lux fluorescent 

type of incandescent with ecnlal 
li'2'ht intensities at unit included 
two 20-w lamps, and one 60-w was used in 
the other unit. Each light source was so as to provide 
approximately 68 ft-c to the intended group of plants. The 
induction treatment (10 lune 0, 10fi2. 'The 

and Sl1 Dpl ied 
with incandescent ~ onind nced 
control 'were not included 
the sugar strain used was known to 
induction treatment in order to 
bolting. 

Experiment 4 
Evaluation of 

<upplemental was the 
principal 
12 weeks' 
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T a ble I.-Flowering of sugar beet seedlings as affected by type of artificial illumination during the inducton and p : stinduc tiun period s < 
(experimcnI I). r 

Treat. 
no . 

Postinduction 

Location 
Supplemental 
ligh t source a 

Treat. 
no. 

Induction 

Light source a 

No. 
of 

plants 

Ua pscd t iln,e a her induction a nd 
l.umu la live % of plants flowering b 

5 6 8 10 14 
wks. wks. wks. wks. wks. 

~ 

!'" 

Z 
S' 
,:--J 

1'-1 Greenhouse I ncandescen t I-I 
1-2 
1-3 
1-4 
1-5 

Incandescent , aniy 
Largely inca ndescent 
Largely fluorescent 
Fluorescent, only 
Control ( not induced) 

24 
24 
24 
24 
24 

33 
21 
33 

4 
0 

54 
54 
58 
46 

0 

75 
88 
71 
67 
0 

75 
88 
79 
67 

83 
92 
88 
79 

4 

0 
">-l 
0 
t;; 
M 
;0 

1'-2 Greenhouse Fluorescent I-I 
1-2 
1-3 
1-4 
1-5 

Incandescent, o nl y 
La rgel y incandescent 
Largel y fluorescent 
Fluorescent, onl y 
Control (not induced) 

24 
24 
23 
24 
24 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

4 
0 
0 
0 
0 

<.D 
0'> 

"" 

1'- 3 Greenhouse None I-I 
1-2 
1-3 
1-4 
1-5 

Inca nd escent, only 
Largely incandescent 
Largel y fl uorescen t 
Fluorescent, on ly 
Control ( not induced) 

24 
24 
24 
24 
24 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

4 
0 
0 
0 
0 

4 
0 
0 
0 
0 

1'-4 Outdoors Incandescent I -I 
1-2 
1-3 
1-4 
1-5 

Incandescent , o nl y 
Largel y incandescen t · 
Largely fluorescen t 
Fluorescent , on ly 
Control (not induced) 

24 
24 
24 
24 
24 

25 
13 
25 
17 
0 

63 
58 
67 
67 

8 

79 
79 
96 
83 
13 

83 
79 
96 
88 
13 

88 
88 

100 
92 
17 

1'-5 Outdoors None I-I 
1-2 
1-3 
1-4 
1-5 

Incandescent , only 
Largely inca nd escent 
Largely fluorescent 
Fluorescent, on ly 
Control ( not ind uced) 

24 
24 
24 
24 
2,1 

0 
0 
0 
0 
0 

4 
0 
0 
0 
() 

0 
0 
0 
0 

8 
0 
4 
0 
0 

8 
0 
4 
0 
0 

8 The flo ll rescent lamps were delu xe warm white. 0'> 
f-:>" Induction treatments (47 davs) ended ' on Jul y 21. 1959_ _1 
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1962. On that date the plants were potted, divided into four 
identical sets of 10 pots (40 plants) each and placed outdoors, 
each set arranged in a compact group. Nightlong supplemental 
illumination was supplied to the respective groups by means of 
the following lamps in appropriate reflectors: (a) one 75-w, in­
candescent lamp; (b) two 20-w, Gro-lux fluorescent lamps; (c) 
two 20-w, Gro-Iux lamps and one 15-w, incandescent lamp; and 
(d) none. The heights of the light units were adjusted at the 
beginning of the postinduction period to provide 42 ft-c light 
intensity at night, as measured at the center of each group, 2 
inches above the surface of the soil in the pots- i.e. at the ap­
proximate level of the plant foliage. Lamp-to-soil distances were 
32, 31, and 34 inches for gTOUpS a, b, and c, respectively . The 
arrangement of the lig'ht units rema ined unchanged, and con­
sequently lig'ht intensity at folia Q'e level increased as a result of 
plant growth. The incandescent lamp furnished about 11 percent 
of the light recorded for group c. 

Results 
Experiment 1 

As shown in Tables 1 and 2, plants reCelVll1Q' supplemental 
light from incandes~f'nt lamos durino.- the postinduction period 
responded about alike to the four respertive induction liQ'h t 
treatments. Flowerin Q.· oercentaves after the 5th week of the 
postinductir'n oeriod were practicallv identical for the incan­
descent and fllHwescent induction liQ'ht sources (I-I and 1-4). 
Corresponding- percentar'es for the mixtures of the two types of 
lig'ht (1-2 and I-.~) tended to be higher but the differences were 
relatively small. 

The contrasting effects of supnlemental Jig'ht from incan­
descent and fluorescent sources. suppli ed during the postinduction 
oeriod, were partirularly striking- (Table 1, treatments p-J and 
P-2). Cnder the fluorescent source, only one pl ant flowered in 

Table 2.-Flowerin,g- of sugar beet seedlings as affected by type of illumination during 
the induction period (experiment I) '. 

Elapsed tim e after induction and 

No. 
cumulative % of plants flowering 

Treat. of 5 6 8 10 J4 
no. Light source plants wks. wks. wks. wks. wks. 

1·1 Incandescent, only 48 29 58 77 79 85 
1·2 Largel Y incandescent 48 17 56 83 83 90 
1·3 Largely fiuorescent 48 29 63 83 88 94 
1-4 Fluorescent , only 48 10 56 75 77 85 
1-5 Control (not induced ) 48 0 6 8 10 

a Summar'/ of results for treatments P-} and 1>-4. Table ] (plants rece iving supple­
mental light from incandescent lamps during the postinduction period). 
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a population of 95 induced seedlings (induction treatments I-I 
through 1-4). In the corresponding population under the incan­
descent lamp, 85 percent of the plants flowered. As stated under 
Material and Methods, the light intensity was somewhat lower 
under the fluorescent source. However, on the basis of other 
evidence", the extreme contrast in flowering percentage cannot 
be attributed to differing intensity per se. It is of interest to note 
that, where no supplemental light was provided during the post­
induction period in the greenhouse (P-;), the results were the 
same as in the plant group receiving fluorescent light (P-2). 

Experiment 2 
The summarized flowering results obtained from experi­

ment 2 are presented in Tabl e 3. Several LSD values are shown 
as an aid in appraisin~ differences. LSD values are not given 
in those instances where variation was seriously restricted by the 
frequent occurrence of percentages of 0 or 100. 

Table 3.-Flowerin.g of sugar beet seedlings as affected by t)'pe of illumination during induction 
periods of different lengths (experiment 2). 

Elapsed tim e after induction and 

Indue.a No. 
cumulath'e % of plants flowering 

time Treat of 4 5 6 9 12 
(weeks) no. Ligh t sou rce plants wks. wks. wks. wks. wks. 

4 1-6 
1-7 
r ·8 
1-9 
I-IO 
LSD 

Inca ndescent (75 w) 
Incand escent (40 w) 
FI UOl-es. (del. warm whit e, 40 w) 
Vlnores. (Stand. cool white. 40 w) 
Fluores. (purple . 40 w) 
(5 -percent point) 

63 
64 
64 
63 
60 

21 
5 
0 
2 
0 

4 1 
20 

6 
6 
5 

56 
44 
17 
17 
13 
16 

63 
53 
41 
29 
28 
16 

67 
58 
44 
37 
32 
17 

1-6 
1-7 
1-8 
1-9 
I-IO 
LSD 

Incandesce nt (75 w) 
Inca ndescent (40 w) 
Fluores. ( del. warm white, 40 w ) 
Fluores. ( stand. cool white, 40 w ) 
FIlIores. (purple . 40 w ) 
(5·pe rcent po int) 

63 
63 
63 
64 
64 

41 
14 
5 
6 
3 

68 
5 1 
41 
47 
27 
17 

87 
70 
62 
66 
48 

• 19 

94 
87 
89 
91 
73 

95 
89 
94 
95 
84 

NS 

0 I -II Control ( not induced) 64 0 0 0 5 

/I Induction treatments ended on August 10, 1960. 

For the plants receiving 8 weeks' induction, a rather sub­
stantial lag in flowering may be observed for the purple fluo­
rescent light source (treatment 1-10) and a strong tendency 
toward earlier flowering is shown for the 75-w incandescent 
source (1-6) , in comparison with the other three treatments. 
However, these differences nanowed "vith time and had largely 
disappeared wh en the final counts were made. The fact that a 
minimum of 84 percent flowering occurred among the fi,ve sets 
of plants (1-6 through 1-10) receiving 8 weeks' induction, as 

• Unpublished results. 
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contrasted with 5 percent flowering for th e noninduced set, is 
of special interest. Obviously some form of low-temperature 
induction treatment was required for the initiation of flowering, 
but the type of light used appeared to be rel atively unimportant 
except as related to earliness of flowering. In this connection, it 
seems possible that the early- and delayed-flowering tendencies 
shown for treatments 1-6 and 1-10, respectively, may have been 
associated with the vigor of the plants at the end of the induction 
treatment. At that time, the plants of 1-6 were the mos t vigorous 
and those of 1-10 were the least vigorous of the five treatment sets. 

Flowering percentages no higher than those res ulting from 
4 weeks' induction in this experiment ordinarily \vould be con­
sidered unsatisfac tory for sugar beet breeding purpcses, but some 
of the results are of academic interest. The 75-w inca ndescent 
source was particularly outstanding, and even th e 40-w incan­
descent lamp appeared to be more effective than th e white fluo­
rescent units, taken together, as judged on the basis of final 
flowering percentages as well as earliness of flowering . 

Experiment J 
The results from experiment 3, a simple comparison between 

two types of light used in the induction chamber, are summarized 
in Table 4. Final flowering percentages for the two treatments 
were practically identical. The lag in flowering indicated for 
the plants receiving incandescent light is attributed largely to 
two pots which became temporarily water-logged, retarding the 
rate of plant development. Thus it was concluded that the 
difference between treatments in flowering response, if any, was 
negligible. With the exception of the water-logged pots, general 
plant vigor for the two treatments was about alike throughout 
the experiment. 

Table 4.-Flowering of sugar beet seedlings as affected by type of illumination during 
the induction period (experiment 3). • 

Elapsed tim­c after induction and 

No. 
cumulative % of plants flowering n 

of 4 5 6 8 10 14 
Light source plants 'wks. wks. wks. wks. wks. wks. 

Incandescent 42 2 60 76 93 93 98 

Fluorescen t (Gro·lux) 45 0 51 91 100 100 100 


a Induction treatme nts ( 10 weeks) ended on June 6, 1962. 

Experiment 4 
The results obta ined for the fluorescent lamps in experiment 

4 (Table 5 and Figure I) agTee with the results from experiment 
1 in demonstrating very decisively the ineffectiveness of fluo­
rescent lamps when used alone, as a supplement to sunlight, 
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Figure I.-Response of induced sugar beet seedlings to two types of 
supplemental illumination during the postinduction period: top, incan­
descent; bottom, Gro-Iux fluorescent. The photograph was taken on July 
27, 1962, 36 days after transfer of the plants from the induction chamber 
into the open. 

during the postindllction period. A light mixture conslstl11g of 
approximately 89 percent from fluorescent lamps and II percent 
from an incandescent lamp was much more effective than light 
from a fluorescent unit alone, but was clearly inferior to light 
of equal intensity furnished solely by an incandescent lamp. 
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Table. 5.-F1owering of sugar beet seedlings as affected by type of supplemental 
iUumination during the postinduction period (experiment 4). 

Elapsed time after induction and 
cunl~ulati"c % of plants flowering (I 

No. 
of 5 6 8 10 14 

Light source plants wks. wks . wks. wks. wks. 

Incandescent (75 w) 40 38 70 95 98 98 
Gro-llIx fluorescent (40 w) 40 0 3 15 20 28 
Gro-llIx 
None 

fluores. (40 w) + incand. ( 15 w) 40 
40 

5 
3 

20 
10 

53 
18 

60 
20 

70 
23 

• Induction treatm ent ( 12 weeks) ended on June 21 , 1962. 

Discussion and Conclusions 

The ineffectiveness of fluorescent lamps, as used during' the 
postinduction period in these studies, is in agreement 'with re­
sults reported by Borthwick and Parker (2) for relatively 
mature, thermally induced sugar beet roots. The superiority of 
incandescent lamps for the promotion of flowering in such sugar 
beets and in certain other long-day plants has been attributed 
by Downs et aL (~) to the far-red component of the radiation 
emitted by those lamps- a feature lacking in the emission of 
the fluorescent lamps studied. According to information fur­
nished by the manufacturers, neither the deluxe warm 'white 
nor the Gro-Iux fluorescent lamp emits appreciable far-red energy. 
Consequently, the ineffectiveness of those lamps during the 
postinduction period in the current studies was to be expected. 

In view of these results it is especially siQ'nificant that. for 
the process of induction with at least 47 days' exposure to low 
temperature. each of those two types of fluorescent lamps was 
essentially equal to incandescent lamps as measured by the flower­
ing response. Furthermore. it is noteworthy that a third type 
of fluorescent lamp (standard cool white) also was about ~qual 
to those two. and that a fourth type (purple) was nearly so. 

From these results it is apparent that the function of artificial 
light during the induction treatment is Quite different from its 
function during the postinduction period with respect to the 
mechanisms involved in the flowering process. It is postulated 
that the physiological or other changes conducive to flowering. 
occurring during the induction period, are basically due to low 
temperature. and that light serves primarilv as the source of 
energy for photosynthesis and grO'.vth. 1£ this is true. any type 
of light that is suitable for photosynthesis and gTowth should 
be relatively satisfactory for use in the induction treatment. In 
this connection it is pertinent that field-grown sugar beet roots 
commonly are induced by prolonged cold storage in complete 
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darkness-a thermal-induction process. Seedling induction, as 
described in this article, probably involves tbe same mechanisms 
with the carbohydrate utilized in growth and other processes 
being derived largely from the leaves directly instead ot from 
a fleshy tap root. Accordingly, it appears that the term "photo­
thermal", formerly used with reference to seedling induction, is 
not strictly accurate. 

It should be emphasized that the tentative conclusions as 
stated in the preceding paragraph pertain to sugar beet material 
of the type used in these studies-i.e., varieties or strains having 
about average thermal induction requirements. These con­
clusions may not necessarily apply with equal force to bolting­
resistant sugar beet types. 

Summary 

A senes of experiments was conducted for the purpose ot 
comparing the effects of fluorescent and incandescent-filament 
lamps on flowering of sugar beet seedlings. One phase of these 
studies involved comparisons between types of lamps used during 
a prolonged period of low temperature, the induction treatment. 
In the other phase, comparisons were made between types of 
lamps used to provide light at night, supplementing sunlight, 
throughou t the postinduction period. 

After 9 to 14 days' growth in the greenhouse, seedlings were 
held in a refrigerated room for varying time intervals, usually 
ranging from about 7 to 12 weeks, at a temperature of approxi­
mately 7° C. Four types of fluorescent lamps were compared with 
incandescent lamps, and certain mixtures of light from fluorescent 
and incandescent sources also were included. The lamps were 
operated continuously, and sunlight was completely excluded. 

At the end of the induction period, the seedlings were trans­
ferred to the greenhouse or outdoors where the percentage of 
plants flowering in each population was recorded periodically. 
Nightlong illumination by incandescent lamps throughout the 
postinduction period was standard procedure in all experiments. 
In certain instances, comparisons were made between such sup­
plemental light and tbat provided by fluorescent lamps. 

The results clearly sho'wed that the two types of fluorescent 
lamps, used as sources of supplemental light during the post­
induction period, were wholly ineffective in promoting flower­
ing. Incandescent lamps were highly effective. On the basis of 
reports by other investigators, these contrasting responses were 
attributed to the presence of a far-red component in the radiation 
emitted by incandescent lamps and its absence in the radiation 
from fluorescent lamps. 
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A rather wide range of types of fluorescent lamps, as well as 
the incandescent type serving as the standard, were highly effective 
in the low-temperature induction process. That is to say, a high 
percentage of the seedlings, subjected t.o such conditions for a 
sufficient length of time and given proper environment there­
after, flowered within a relatively short period after the end of 
the induction treatment. 

From these contrasting results, it was concluded that the 
function of artificial light, with respect to the promotion of 
flowering in young sugar beet seedlings having average low­
temperature inductiOon requirements, is distinctly .different in 
the induction and postinduction periods. It is postulated that 
flowerage-promoting cha nges, occurring in such seedlings during 
the induction process, are primarily due to low temperature and 
that the principal function of light at that time is to provide 
energy fOor photosynthesis and growth. 
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