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ON

It has been found that tomatoes grown in a greenhouse

do not have the ascorbic acid content of tomatoes ^rown in

the open field (1). Since some of the natural radiation

from the sun is absorbed by the greenhouse glass, it seamed

logical to assume there was a possibility of increasing the

ascorbic acid content of greenhouse tomatoes by irradiation

with supplementary artificial light sources. This project

was undertaken cooperatively by the epartments of physics,

horticulture, botany, foods and nutrition, ->.nd mathematics.

Previous work i; .ed that the plant production of

ascorbic ncid is a photochemical process (2). It was also

found that the ascorbic acid content of olants decreased at

nignt but returned to normal when the plants were again ex-

posed to sunlight or artificial ; from Incandescent ra-

tors (3,4,5,6). Furthermore, Sugawara found that the

ascorbic acid content of tomatoes irradiated by white, red,

orango-red, green, and blue lights decrease! In the order

in which the lights arc lintel (7). This was not substan-

tiated by later work.

Most of the studies of plants grown under artifici

light sources have been inco ,o In the descriptions of

the intensity and spectr tribution of the lights used.

Furthermore, recent fundamental developments in the light-

ing industry have resulted in the production .nd availabil-

ity of a irjuch wider variety of sources with high energy in



the various regions of the spectrum.

The portion of the work for which the department of

physics assumed responsibility was the selection and pro-

curement of the radiation sources, the installation and op-

eration of these sources, md the determination of their

energy and spectral distribution, essentially, this is a

report concerning the above; however, related topics which

are necessary for an understanding of the basis for certain

choices and measurements will be added.

DBSCRIP1 .ON OF vTION !

It Is known that the glass In a greenhouse absorbs a

part of the radiation in all regions of the electromagnetic

spectrum. It has a particularly high absorption coeffici-

ent for the near ultraviolet and is opaque to the extreme

ultraviolet. This, combined with the fact that previous

work does not establish any particular region of the spec-

trum which is particularly effective in the production of

vitamin C, made it seem desirable to include sources rich

in several of the individual regions of the spectrum and

one source giving a general radiation.

It was impossible to find ideal sources. A brief d -

script ion of the five selected follow :

Source 1. For the general radiation source a group of

four 500-watt clear glass incandescent bulbs was chosen.

)h of these emitted 8800 lumens of light flux.



So area 2. Aa a source near the red end of the spec-

trum a pair of Gene. metric Na-9 sodium vapor Luminairos

were used. Bach of thes< its consumed 180 watts of pow-

er and emitted 10,000 lumens of light flux.

aorce 3. For a radiation source near the blue end of

the spectrum a group of four General Electric ^reen fluores-

cent tubes was chosen. Sach one was four feet long, con-

sumed 40 watts of power, and emitted 2800 lumens of 11

flux.

Source 4. As a near ultraviolet source a group o£ four

Gener rl electric BL-360 blac at fluorescent tubes was

selected. Baoh tube was four feet long, required 40 watts

of power, tad eraltte: 175 lumens of visible light flux and

4.9 watts in the ultraviolet region*

Source 5. For source of extreme ultraviolet a group

of four General electric H3-85 high pressure mercury vapor

:pa with the glass shields removed were selected, bacn

lamp consumed 85 watts of power. A large percentage of this

power was dissipated as ultraviolet 11 ht.

IS AND D8MSITC ;TS

A series of spectrograms of each of the li^ht sources

were taken with a Bausch and Lomb medium quartz spectrograph,

^.ach source was placed 20 cm from the entrance slit. This

slit was adjusted for 2 mm length and 50 microns widtn. Five

spectrogr ma with exposure ti/^es of 1, 5, 10, 30, and



seconds were male for each source, fcodak Panchromatic plates

were used. The plates were developed In Bastafta DK-20 devel-

oper under standard conditions.

Kelative Intensity measurements were made by means of

a Leeds and Northrup recording densitometer. liach plate was

passed through the densitometer at a speed of 20 mm/min.

aalyses of the spectra for each illuminant are listed

below:

Source 1. The spectrum shown in Plate 1 of the radiation

from the incandescent source is seen to be continuous. The

lowest wave length is approximately 3000 I, and the intensity

rises with increasing wave length, probably reaching a maximum

in a region beyond the range of the spectrograph.

Source 2. Plate II shows the sodium v^por light to be

virtually monochromatic. By far the greatest intensity of

light emission is at the 5890 2 wave length. Weaker sodium

lines are at 3302 A, 5688 A, and 6160 %. A group of lines

seen in the red end of spectr s A, B, and C is caused

by a small amount of neon in the tube. For a source of in-

tense yellow light, this sodium vapor luminaire is unparal-

leled, although the mono chromat ism may not be desired in cer-

tain apolications.

urce 3. A3 seen on Plate ill, the spectrum of the

green fluorescent tube shows strong mercury lines at 3132 %
3650 A, 4047 A, 4078 A, 4359 A, 5461 A, and 5790 A. Super-

posed over these characteristic radiations is a band extendi



from approxi ately 4900 A to 6100 A. This band is the fluor-

escent spectra produced by the zinc silicate phosphor coating

on the inside of tne tube, sixcitation of the phosphor by the

2537 A* mercury vapor radiation causes li^ht to be emitted in

the given range.

Source 4. The spectrum of the ultraviolet fluorescent

tube, Plate IV, also shows characteristic mercury lines.

The superposed continuous radiation from 5200 A to 4500 A

wave length is the spectra produced from the 360 BL phosphor

coating on the inside of the tube. This coating is sensitive

to and excited by radiation from 2500 £ to 2800 2. The hlgh-

o
est intensity of the radiation is at approximately 9600 A

wave length.

Source 5. Plate V shows the spectrum of the mercury va-

por source. Hadiant energy wjs emitted throughout the entire

range of the spectrograph. The "pressure broadening" of the

characteristic mercury lines is shown. Obv^oosly, this high

pressure arc produces a "cold" light source with some radi -

tion present in all regions from 2450 A to .i.

Plate VI shows the spectrum from mercury vapor light

passed through a sample of greenhouse glass, Radiation not

completely absorbed by the glass was restricted to the range

ubove 3100 a wave length. The spectral intensity of the radi-

o o
at Ion transmitted throu-h the glass from 31o0 A to 3250 A is

o o
extremely low. Prom 3250 A to 3600 A the absorption coeff ic-

o
lent of the glass decreases still further. Prom i600 A to
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7000 A the absorption coefficient for the greenhouse glass

is quite low.

It is recognized that the men ents made with the

spectrogi nd densitometer are crude and only roughly

qualitative. Unfortunately, the accented experi : or. t 1 pro-

cedure necessary for quantitative work was not followed.

The irradiations were performed in the end of a green-

house which was unshaded by other buildings or trees. The

plant bed within the greenhouse was 94 feet long and 6 feet

wide with an average of 6 feet of space between the top of

the bed and the greenhouse roof. Tomatoes in the bed were

planted in 42 rows at right angles with the length of the

bed and with three plants in each row. This arrangement pro-

vided 26 inches of space between both rows and plants.

Lights were arranged over the s for the two succes-

sive crops as shown in Pigs. 1 and 2. i test plot thus

contained nine plants directly exposed to each group of

lights. The lights, all at the same height, were spaced and

provided with reflectors so as to give as nearly equal radi-

tion as possible to the nine plants affected. Tomatoes sub-

jected to stray radiation from the artificial sources were not

used In the statistical study.

To determine the geometrical shadow of the artificial

light sources, the distribution of light was measured at ni



with the radiators operating. A Weston ohotometer, having a

sensitivity of 60 foot-candies for full scale deflection, in-

dicated ?oro intensity three rows and beyond each test plot.

This was true even when the plant growth nee ssitited raising

the lights to their full height of five feet above the bed.

For sufficient :uppert with minimum shading, three-

eighths inch pipe was used in making the suspension frames

for the lights. Thm method of construction may be seen in

tea VII, VIII, and IX.. To keep the sources above the

growing plants, each frame could be moved up vertical sup-

ports. In the early stages of the development of the plants,

the lignts were kept one foot nbove the plants. In che later

ctages, the plants grew beyond the lights to the roof of the

greenhouse.

Wiring of the lights was convention .1 ad followed the

manufacturer's specifications for each light.

tlMKITJ

The First Crop

The plants used in the experiment were grown by the

department of horticulture and transferred to the test b .

n the third cluster of tomatoes began to form on the vines,

supplements 1 tion was superposed over the natural. Ir-

radiation of the test plots for nine-hour periods each re-

started October 13, 1947, and ended January IB, 1948. Day-

light periods of operation chosen were from 8:00 a.m. to
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5:00 p....

Three groups of 3 were used for the first irrad-

iation: four incandescent bulbs, four ,j;reen fluorescent

tubes, and two sodium vapor luminaires. The arrangement of

these light! is shown in Pig. 1. After the lights were in-

stalled, intensity measurements were made with a Weston Il-

lumination Meter, Model 603. These data are shown in Table

1. A "Viscor" filter was used, and consequently the measure-

ments represent "eye response" intensity.

During the early stages the lights were manually oper-

ated. Later a Tork time clock switch w«s installed. Incan-

descent and fluorescent lights were practically instant start-

ing, but the sodium vapor luminaires required approximately

30 minutes to come to full brilliance.

At the tine the plants reached three feet in height,

photometer readings i the third cluster of fruit on

each plant in the test clots were made. fhese readings are

plotted in Pig. 3. The lata were t at and repre-

sent only the supplement ition. V ion of the

rea :in s because of non-uniform shadowing is quite marked.

k intervals during the experiment, Dr. H. C. Fryer,

tistician for the Kans. Agr. £xpt. St*«, ..nd Dr. J. C.

Praxi^r, botanist for the Kans. Agr. SxDt. Sta., selected

the fruit whose ascorbic acid content was to be found. Deter-

minations of the ascorbic acid content were made under the

direction of Dr. Leah Ascham. The resulting data were an-

alyzed statistically by Dr. Fryer.
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In passing, it is interesting to note that tae total

production of tomatoes was considerably below normal. It

is possible that tais should be associated with the fact that

meteorological records kept by the department of physics at

nsas State College indicate only .bout 50 per cent sun-

shine during that interval.

The Second Crop

after trie first crot> hid matured, the plant bed was

sterilized and certain deficient chemicals were added.

Hew plants of the ?ame variety as the first irradiated crop

were transferred to the bed. ..hen the third cluster of to-

matoes began to form on the vines, irradiation was begun.

This second irradiation was for the same time interval each

that for the first crop and was made from March 7,

1943, to June 17, 1948.

r'our groups of 1 I ;hts were used for ».n. second irradi-

ation: four incandescent bulbs, four green fluorescent tubes,

four ultraviolet fluorescent tubes, and four unshielded mer-

cury Vioor bulbs. Figure 2 shows the arrangement of t ~ese

lights. The incandescent and fluorescent Light sources were

practicaLly instant starting, but the mercury vapor bulb

required approximately 20 minutes to come to full bril-

liance.

ae end of five dtys of irradiation, tne plants be-

neath the mercury vapor bulbs exhibited severe burns, so

three of the Light sources were removed. To prevent further
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destruction of the i f the remaining mercu. or bulb

was operated only four .. . il though the plants

still showe i burns, they recovers ^icient^y to bear

It.

Measurements of Intensity for this group of lights, sim-

ilar to those shown in Table 1 for the
,;
;roup used in connec-

tion with the first crop, are given in Table 2.

Again the ripened fruit was systematically picked and

analyzed for ascorbic acid content.

ON

It is not the purpose of this thesis to discuss the

over-all results of the cooperative experiment. However, it

should be stated that statistic il analyses of all data ob-

tained Indicate that the ascorbic acid conte..' of tomatoes

grown in the plot under the ultraviolet fluorescent lights

was slightly higher than for any other tomatoes, and statis-

tic illy significant. This leads one to suggest that, if pos-

sible, a li^ht source rich in the spectral region from

o o
2800 A to 3200 A should be used in future experi em

It is also desirable that measurements of absolute in-

tensity be made for all the lights. A sensitive thermopile

sno aid be obtained for this purpose.



vPLANATION OF PLATS I

Spectrograms and densitometer measurements
of the inc Andes cent light:

. For 60 seoonds exposure time

3. For 30 seconds exposure time

C. For 10 seconds exposure ti e

. For 5 seconds o.vcoaur* time

. For 1 second exposure time
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II

Spectrograms and densitometer measurements of
the sodium vapor light:

. Por 60 seconds exposure time

B, Por 30 seconds exposure time

C. For 10 seconds exposure tine

. Por 5 seconds exposure ti e

.. For 1 Becond exposure time
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PLATE II
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ill

Spectrograms and densitometer measurements
of the green fluorescent light:

A. For 60 seconds exposure time

B. For 30 seconds exposure time

C. For 10 seconds exposure ti e

D. For 5 seconds exposure time

. For 1 second exposure time
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PLATE III

WAVE LENGTH IN -rf,- ANGSTROM



PLANAT ION OF PLATS IV

actrograms and densitometer measurements

of the ultraviolet fluorescent light:

A. For 60 seoonds exposure ti

B. For 30 seconds exposure time

C. For 10 seconds exposure time

D. For 5 seconds exposure time

, For 1 second exposure time
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PLATS IV

A
B
C

D
E

lOOf

7
is

1
2«

1 I I I 1 I II I I I 111
tr Zt 2f 3# «l 55 it «4 I5MI7JI 5»4«

WAVE LENGTH IN -^

r
5

ANGSTROM
50 55 to

IT
«5 7#



LPLAIATIOI OP I
V

Spectrograms an 1 densitometer measurements

of the mercury vapor light:

»r 60 seconds exposure time

B # For 30 seconds exposure time

C. For 10 seconds exposure time

9V 5 seconds exposure ti

I, For 1 second exposure time
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PLATE V
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T10N OP i VI

3ctrograms and densitometer measurements
for mercury vapor light transmitted through a
sample of greenhouse glass:

A. For 60 seconds exposure time

3. For 50 seconds exposure time

C. For 10 seconds exposure time

. For 5 seconds exposure time

E. For 1 second exposure time
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PLATE VI

WAVE LENGTH IN -^ ANGSTROM



ION OF PLAT4 VII

Photograph of ir ourco in
place above the tomato plants
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PLATE VII



LANATI S VIII

Photograph of fluorescent source in place
above the toraato plants
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PLATE VIII



EXPLANATION OF FLATh IX

Photc : of single mere oor source In

place above the tomato plants. The sodium vapor
pended in Lar manner.
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PLATE IX
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3 1

45 15 25
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200 360 40

40 o 300 o 250 CQ.80

200 350 230
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Fig. 3 . Distribution of photometer readings around plants (in-
dicated by circles) for first crop.



Table 1. Illumination measurements of sources irradiating
the first crop of tomato

1

Light source
Distance

from source
in feet

Photometer readinj
in foot- candles

Incande 5
4
3-1
2-1/2

.j5
3
t5

590

Green fluorescent 5
4
3-1/2

/o

39
53
56-1/2
77

Sodium vapor 5
4
3-:
2-1/2

90
130
155
225



Tat . Illumination measurements of sources irradiating
the second crop of tomatoes.

stance •otometer readings
Light source from

in
source
feet

in foot- candles

Incandescent 3-1/2
3
2-1/2
2
1-j

1

310
400
530

*

vO

12/

3700

5reen fluorescent 4
3-1/2
3
2-1/2
2
1-1/2
1

59
72
90

100
125
155
215

Ultraviolet fluor- 4 28
escent 3-1/2

3
2-1/2
2
1-1/2
1

34
41
49
61
80

110

Mercury vapor 4
3-1/2
•R

2-1/2
2
1-1/2
1

6-1/2
8
9

10-1/2
11-1/2
12-1/2
20
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