SOME PHASES ÔE PLANT DEVELOPMENT UNDER
VITAGLASS »
By W. E. ToTTiNGHAM, Agricultural Chemist, and J. G. MOORE, Chairman of the
Department of Horticulture^ Wisconsin Agricultural Experiment Station

INTRODUCTION

Following the production of glasses with increased penetrability to
shorter ultra-violet radiations there has naturally developed considerable interest in the possible function of these rays in plant life.
This applies more particularly of course to sunlight, rather than to the
shorter radiations emitted by ultra-violet lamps. With the discovery of activation of ergosterol to confer antirachitic properties
upon foods, distinct possibilities have arisen that radiations of the
middle ultra-violet region of the spectrum are of significance in plant
metabolism. This is the limited region of sunlight to which ordinary
glass is impermeable, extending approximately from 2,900 to 3,100
Angström units (Â). The scanty literature in this field will be reviewed only briefiy,
A rather comprehensive review of the effects upon plants of ultraviolet rays from artificial sources is given by Eltinge (ii) ^ in connection with her anatomical observations in this field. As early as 1894
Bailey observed leaf injury in truck crops illuminated by a naked
carbon arc. Several investigators have found similar injury to tissue
structure, together with destruction of anthocyan pigments, in plants
exposed to the mercury-vapor lamp. These results are only of passing interest here since they have been found to be due to radiations
shorter in wave length than those reaching the earth's surface in
sunhght.
Eltiage employed a Uviarc quartz lamp partly at a distance
(250 cm.) from the plants, which greatly reduced injurious effects,
and she further introduced screens of Quarzlite glass and Vit-aglass.
The former cut off radiations shorter than 3,130 A, a value slightly
greater than obtains with common wiudow glasses. In the case of
Vitaglass the lower limit of transmission was 2,890 A, or slightly lower
than the minimum wave length found in sunlight. Use of the lamp
increased by 30 seconds dauy from an iuitial period of this length.
This treatment introduced essentially moderate increases in that portion of the spectrum between yellow and middle ultra-violet. The
general trend of results indicates responses to the added radiation in
vegetative expansion or time of flowering, which varied with the
species. Maize, for example, was stimulated in growth while radish
was depressed. These effects were more marked under the enhanced
ultra-violet exposure with Vitaglass. Here Eltinge found enlargement
of cells in the leaf blade and of fibrovascular bundles in the stem associated with increased thickness of these organs. No change in the
hydrogen-ion concentration of the sap or decomposition of chlorophyll
could be detected in response to increased ultra-violet radiation.
1 Received for publication Feb. 18,1931; issued August, 1931.
2 Reference is made by number (italic) to Literature Cited, p. 161.
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Decrease of starch in the stem of coleus and increase in the bean stalk
followed this treatment. There was generally a slight decline in percentage of ash in the dry matter.
The present investigation is concerned with the ^elimination of a
small portion of ultra-violet (about 3,100 to 2,900 A) in sunlight by
the screening effect of common glass. As early as 1918 Schanz ^2, 23)
used Euphos glass to eliminate solar rays below the visible range, and
concluded that long ultra-violet rays were generally unfavorable to
plant development. However, there was considerable lack of adequate control of environmental factors in this pioneering investigation. The more recent work of Popp {19) is relatively more significant. He utilized glasses of special transmitting capacity in the roofs
of separated greenhouse sections. The total intensity of illumination
varied considerably under these different glasses, but apparently was
not low enough in any case to become a limiting factor. All other
factors except the quality of light were kept relatively uniform
in value. Anatomical observations and chemical analyses of the
tissue in tests with several species, showed little effect due to elimination of ultra-violet rays, other than a slight elongation of stems. The
differences between common glass and one resembling Vitaglass
(G86B) were considered negligible. These results were obtained in
the period from September to November, inclusive. Using the same
equipment, Pfeiffer {18) found in tests with oats, sunflower, fouro'clock, and soybean, declines in thickness and differentiation of leaf,
height and diameter of stem, and vascular development with elimination of ultra-violet from sunlight. Despite Popp's conclusion as to
the dispensability of ultra-violet rays, the writers will consider later
certain respects in which his results indicate possible significance for
this fraction of solar radiation.
Keinhold and Schulz {21) operated with well-ventilated hotbeds
protected from cross illumination by the different glass in adjacent
window frames. It is stated that the same temperatLire was maintained under all of the glasses. Tests with several species in the
spring and summer gave generally differences of yield from exclusion
of ultra-violet rays not exceeding the limits of experimental error.
However, enhanced yields of lettuce and dwarf bean and a decline
with melon (apparentlj^ cantaloupe) exceeded these Umits. In a test
of the rôle of phase of growth, elimination of ultra-violet rays delayed
the ripening of tomatoes but not of other species. The conclusions
of these investigators, favorable to the dispensability of ultra-violet
rays, agree with those of Popp, but here also the data appear to
admit of reservations. More favorable conclusions were drawn by
Dix {10) and Tincker {25) from limited results. Dix obtained with
wheat and cabbage increased yields of more succulent tissue under a
glass resembling Vitaglass than under common glass. Tincker
recovered larger roots of radish and carrot under Vioray glass and
Vitaglass than under common glass, but lettuce and cucumber he
found to be unaffected.
Some of the more extensive investigations here cited are unfavorable in their general conclusions as to appreciable significance in plant
growth of the region of shorter ultra-violet in sunlight. However,
even here certain irregularities in results indicate that plant species
respond differently to this environmental factor. This situation
seems to justify further investigation of the problem.
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PROCEDURE
With minor exceptions, as will later be noted, the general procedure
involved rearing plants in flats or deeper boxes of soil, according to
requirements. These plantings were cared for in common with other
operations of the greenhouse ranges.^ Vitaglass was used for six
tiers on both slopes of a greenhouse roof. Such areas, directly
opposite one another, did not include ventilators and the panes
abutting gable and gutters. The house occupied the common northto-south position, which is not the most advantageous for light transmission between late fall and early spring. As a result of the fact
that this illumination treatment was located at the north end of the
house the considerable infra-red transmissioïi of Vitaglass as com-
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1.—Relative transmissibility of Vitaglass and common glass. The actual transmission by
common glass in the present work was somewhat less than that shown because the glass actually
used was thicker than indicated in the figure

FIGURE

pared with common glass was augmented by the excess heating
capacity of the radiator intakes. Partial compensation for this
effect was secured by the use of an oscillating fan, directing currents
from the latter off the north wall of the house at an elevation of about
6 feet. In this way a temperature difference of about 2° C. between
the bench surfaces occupied by these plantings was reduced to about
1°. The relative transmission of common glass and Vitaglass is
shown in Figure 1, while the effect of ventilation upon temperature
records taken at the surface of the greenhouse benches appears in
Figure 2. Except when use of the fan was discontinued, as in Novem3 Acknowledgment is due W. Newell, foreman, and M. Kelhoefer for faithful assistance in these operations.
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2.—Specimen thermograph records (degrees C.) under Vitaglass and common glass. The
arrows indicate differences of fan placement within the greenhouse and in its use
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ber, the midday temperature balance was not invariably in favor of
cultures under Vitaglass.
In the summers of 1929 and 1930 the Vitaglass area was dressed
with limewash, in common with the rest of the roof. It was supposed
that this treatment might favor the functioning of this glass (<5),
but it is possible that attack of the applied alkali modified its transparency. Pending further information on this point, the dressing
practice has been discontinued. Attention should be called to
the fact that antirachitic efficiency is retained by weathered and
aged Vitaglass (7). The writers' observations indicate that its potency
in plant development is similarly prolonged.
The present phase of this investigation embraces only a general
survey of developmental differences and variations in grosser chemical
composition of plants reared under common glass and Vitaglass.
Accordingly, a considerable range of species has been tested, including
those evaluated for vegetative, flowering, and fruiting performance.
It was anticipated that this treatment might disclose species meriting
more exhaustive consideration.
As to the procedure in chemical examination of the tissues, the
general recommendations published elsewhere have been observed

a, ^, 3,4, Ô).
SPECIAL TREATMENT AND RESULTS
GRAMINEAE
WHEAT (TRITICUM SATIVUM)

Preliminary tests with wheat were made in an outdoor frame.
This was so constructed, with sloping glass roof and sheet-metal
partitions, as to provide a southern exposure and confine the fight
received by each group of cultures to the transmission of its respective
sash. One compartment was covered by Vitaglass and two others
by common glass. For about three hours on each fair day one of the
common windows was replaced by an empty sash to permit direct
exposure to midday solar radiation. During this period the temperature upon the soil surface was about 2° C. lower in the open
cultures than in the covered ones.
Marquis wheat of pure-line selection was sown in cubical boxes,
containing 15 kgm. of rich silt loam. The water content of the soil
was regulated to optimal planes and the stand was reduced to 20
plants per box. In a test conducted from October 8 to November 18,
1927, it was considered advisable, on account of severely cold weather,
to transfer the cultures on November 5 to a greenhouse regulated at
about 15° C. Thereafter it was only possible to return the plants to
the usual midday outdoor setting on four scattered dates. There was
considerable variation in yield and nitrogen content in individual
cultures. While these values were lower in the controls than in cultures exposed under the glasses, there were no distinct differences
under the two forms of glass. It must be admitted, however, that the
low proportions of ultra-violet in sunfight at this late season, together
with the enforced greenhouse protection, were unfavorable to differentiation of radiation effects.
A second test was conducted from April 13 to May 30, 1928, a
period obviously much more propitious for effectiveness of ultraviolet radiation than the earlier one. The results appear in Table 1.
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1.—Effect of glass light screens upon the growth and nitrogen content of
Marquis wheat plants following exposure to solar rays from April IS to May 30j

TABLE

Plant measurements
Culture
No.

Light screen used

None

-__ -. _ _ ___

Í
I

1
2

. ._-

I
Í
I

4
5
6

Vitaglass
Common glass

Length
over all

Weight
of airHeight Diameter
dry
to top of bottom matter
node
internode

Nitrogen
content
of dry
matter

Centimeters
40.0
40.5
42.5
43.7
46.3
47.5

Centimeters
18.8
15.0
18.8
18.8
20.0
17.5

Per cent
5.7
4.9
4i7
4.9
4.2
4.6

Millimeters
2.6
2.9
2.9
3.2
3.1
2.9

Grams
6.5
7.9
8.8
6.9
7.0
6.8

These data show considerable irregularity of performance in
individual plantings, with general overlapping of results from different radiation treatments. In the single case of leaf length (length over
all less stem height) consistent differences appear, indicating a suppressing effect of solar rays, which are more completely screened out
by common glass than by Vitaglass. The value of this function was
14 per cent less, or 8 per cent in terms of total length, under the
Vitaglass.
Further tests with wheat were made in the greenhouse equipped
with Vitaglass. On May 1, 1929, 25 days after seeds of the Marquis
variety had been sown in flats of composted loam, the plantings were
thinned one-half, a distance of about 1.5 cm. being left between plants.
Data obtained on the harvested plants are presented in Table 2.
TABLE

2.—Effect of glass light screens upon the growth and composition of Marquis
wheat plants sampled on May 1^ 19^9, 25 days after sowing
Partial composition of dry matter
Screen

Vitaglass
Common glass _

Plant
Proportion Yield of dry
length over
of dry
matter
Ether exmatter
aU
tract
Centimeters
32.5
35.0

Per cent
10.5
9.5

Grams
26.6
25.7

Per cent
5.9
5.7

Nonlipide,
True pro- nonprotein
tein
nitrogen
Per cent
18.9
21.3

Per cent
0.85

The length of the plants was about 7 per cent less under Vitaglass
than under common glas^, and the fresh weight was likewise less.
The percentage of protein in the dry matter produced under Vitaglass
was about 11 per cent less than the percentage of the dry matter produced under common glass. In other respects the differences in the
plantings were not beyond the range of expected variability.
On May 1 an unthinned flat from beneath each type of glass was
placed out of doors in a coldframe to test the resistance of the plants
to cold. Frosts occurred on May 3 and 4 at 0^ C., and slight injury
was subsequently observed as darkening and withering of leaf tips
in both flats. These plants were kept out of doors and* adequately
watered. On June 6 they appeared as shown in Figure 3. The
plants previously exposed under Vitaglass are distinguished by dark
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color and erect posture, as well as limited stooling. As the plants
were now heading out, the flats were returned to their respective
greenhouse positions in order to protect the seed against birds.
At this time they received light applications of KNO3. Despite the
fact that soil moisture was permitted to decline, a few plants were
green under common glass when harvested on July 12, but only
normal ripe grain was analyzed. The data of this crop are presented
in Table 3. These show decreased yields under Vitaglass, which

FiouHK 3.—Plants tested for cold hardiness at three weeks of age; grown under glass. Photographed June 6, 1921), after five weeks' outdoor exposure. A and C are Marquis spring wheat
and Globe tomato that were started under Vitaglass, li and D the same, respectively, started
under common glass

might be due to injury from cold, but no essential difl^crencc in
composition.
3.—Effect of glass light screens upon the yield and partial composition at
maturity (July 12, 1929) of Marquis wheat plants follovring outdoor exposure for
hardiness test

TABLE

Crude proYield of air- Uemicellu- Cnide fiber
Yield of
of dry of dry straw cured grain tein of dry
dry straw lose
straw
grain

Screen

Vitaglass___
Common glass

..

» 87 bearing heads.

Grams
41.4
52.0

Per cent
44.7
45.0

Per cent
42.2
42.3

Grams
»16.6
'23.4

Per cent
18.7
17 I

* £3 bearing beads.

The plants kept continuously under glass displayed on May 21
essentially the same difl'erences seen in Figure 3. At this time the
plants were a little longer and considerably thicker of stem under
common glass. A darker color of leaf and bluish bloom on the stem
distinguished the plants under Vitaglass at this time, but the bloom
developed about two weeks later under common glass. Heads
emerged four days earlier under Vitaglass than under common glass,
and the stems of the plants under Vitaglass were about 10 per cent
longer than those under common glass. When harvested on ,July 5
there were still a few immature plants under common glass, so that
there were selected for purposes of comparison 100 of the better
developed plants under each type of glass. These gave the data
assembled in Table 4,
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4.—Effect of glass light screens upon the yield and partial composition of
Marquis wheat plants harvested July ô, 1929^ after continuous growth under
glass

TABLE

Yield of Crude Yield of Weight
air-dry protein in dry grain per seed
straw
straw

Screen

Grams
84.8
102.9

Vitaglass _-_
Common glass

Per cent
3.9
4.0

Grams
78.6
68.8

Mgm.
32
34

Ether
extract

Nonlipide,
True pro- nonprotein
tein
nitrogen

Per cent
2.2
2.3

Per cent
16.4
17.2

Per cent
0.61
.65

It appears that there was increased seed production at the expense
of straw under Vitaglass, but without modification of grosser composition in the tissues.
It seemed desirable to test the relative vitality of seeds produced
under the two types of glass. Accordingly, seeds recovered the previous summer under each glass treatment were sown under both types
of glass on September 28,1929. The cultures were thinned on December 6, and to each flat was applied a solution containmg 0.35 gm. KNO3
and 0.18 gm. Ca(H2P04)2. The plants produced from seed reared
under common glass gave the results in Tableo.
5.—Effect of glass light screens upon the yield and partial composition of
second-generation Marquis wheat plants grown under glassj December 6, 1929j
69 days after sowing

TABLE

Screen

Vitaglass
Com m on glad's .«.,

. _

.__,...
« 37 plants.

Yield of
dry matter

Ether extract

Grams
«16.2
6 15.9

Per cent
6.3
6.5

Nonlipide,
True pro- nonprotein
tein
nitrogen
Per cent
16.6
16.6

Per cent
1.00
.97

* 39 plants.

The only significant difference here is the higher content of ether
extract under Vitaglass.
As the remaining crop matured, heads appeared under common
glass on February 17 and under Vitaglass 10 days later. To promote
seed development under the relatively crowded conditions, there
were applied on February 20, 125 mgm. per flat each of KCl and
Ca(H2P04)2. On June 2 the crop produced from seed reared under
common glass was harvested, and two days later that from seed
reared under Vitaglass was also harvested, a few plants being still
immature. Only the total nitrogen content of the dried grain was
here determined, the values obtained ranging from 3.34 to 3.41 per
cent. In this respect there was no difference in seed produced by
plants which underwent a period of semidormancy due to the low
solar radiation of winter.
Simultaneous with the Marquis wheat experiments just described,
tests of winter varieties were made. The varieties included were
Minhardi, Kanred, and Nebraska 28. The appearance of the seedlings at the date of thinning is shown in Figure 4, a more erect habit
of growth characterizes the hardier varieties under Vitaglass. Data
regarding the Minhardi variety at this time are given in Table 6.
There are found here only such variations as appear to be within the
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limits of ordinary variability, with the possible exception of a greater
proportion of nonprotein nitrogen. The yields of Nebraska 28 and
Kanred varieties were considerably greater under Vitaglass than
under common glass.
TABLE

6.—Effect of glass light screens upon the yield and partial composition of
Minhardi wheat, December 6, 1929, 69 days after sowing
Screen

Vitaglass
Common glass-

Yield of
dry matter

Ether e.\tract

Grams
' 9.8
Í 10.2

Per cent
6.6
6.3

Nonlipide,
True pro- nonprotein
tein
nitrogen
Per cent
17.1
20.2

Per cent
0.99
.67

' 35 plants.

" 36 plants.

These various cultures were continued to maturity and the plants
were harvested in late May to early June. Fertilizer applications
were made as to Marquis. Only the ether extract and true protein

4 —Winter wheat plants photographed December 6, 192», after nine weeks' cdiitmuous
exposure under glass- A, C, and E depict Minhardi, Kanred, and Nebraska 28 varieties grown
under common glass; B, D, and F, the same varieties, respectively, grown under Vitagla-ss

FIGURE

content of the grain were determined, and these were essentially
equal for the two glass treatments. Thus, the winter wheats gave
no evidence of response to Vitaglass treatment after a prolonged
semidormant period of growth.
MAIZE (ZEA MAYS)

On March 30, 1930, the Golden Glow variety of maize was planted
in flats of soil. The seed came from the general run of experiment
station breeding fields. One-half (eight) of the plants were removed
from three ñats^of soil under each type of glass on May 1. The yields
of air-dry tissue were 68.5 gm. under Vitaglass and 57.6 gm. under
common'glass, representing percentages of 7.5 and 6.7, respectively,
of the fresh plants. There was therefore a somewhat greater yield
of dry tissue under Vitaglass.
At the time of this harvest an unthinned flat from beneath each
type of glass was exposed out of doors for a cold-hardiness test.
Immediate and severe injury was apparent in both cases. The
effect seemed at first somewhat greater on the plants from beneath
common glass, but in two weeks both cultures were equally and
apparently irrecoverably aft'ected. However, on June 20 renewed
growth was apparent, particularly in the culture formerly confined
under common glass.
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When further thinned on May 10, the plants which had remained
in the greenhouse were somewhat taller and greener under Vitaglass
than under common glass. Tassels and silks appeared in early
June, two days earlier under Vitaglass than under common glass.
To promote maturation the cultures were reduced to two plants
each on June 15 and received an application of KNO3. The crop
under Vitaglass was harvested July 12 and that under common glass
six days later, both curing for one week in the greenhouse. From
the crop under Vitaglass 7 mature ears and 3 unproductive ones
were taken while only 6 small, poorly filled ears were produced
under common glass. Three intemodes adjacent to the best ear
were taken from each stalk. The average weight of the section
was 32.5 gm. under Vitaglass and 25.8 gm. under common glass,
while the average weight of acceptable ears was 55.6 and 40.9 gm.,
respectively. Thus the plants were considerably larger under
Vitaglass. In Table 7 are assembled the analytical data obtained
from young plants and ripened grain. It appears that there were
considerably greater proportions of ether extract and protein in the
young plants under Vitaglass, but that these differences did not carry
over into the seed to a significant extent.
7.—Effect of glass light screens upon the partial composition of maiße
plants harvested May 10^ after 4I days' growth under glassj and of mature grain
harvested July 12 {Vitaglass) and July 18 {common glass), 1929

TABLE

Percentage composition of—
Plants

Screen
Ether
extract
Vitaglass _
Commoii glass

Grain

True
protein

Nonlipide,
nonprotein
nitrogen

Ether
extract

Crude
protein

Nonlipide,
nonprotein
nitrogen

9.1
5.6

0.36
.63

4.2
3.9

9.5
8.9

0.18
.18

4.3
3.2

Possible cumulative effects were tested also in this crop by planting on September 25, 1929, seed produced under both types of glass
the preceding spring, as well as some of the original supply. By
October 10 it was apparent that plants of the second generation
lacked vitality. This was more noticeable in the case of seed from
Vitaglass treatment. Plants taken in thinning the cultures on
November 9 gave the data shown in Table 8.
8.—Effect of glass light screens upon the yield and partial composition of
second-generation maize plants sampled November 9,1929, /¡S days after planting

TABLE

Composition of plants from seed of—
Original plants

Item

Plants grown under Plants grown under
Vitaglass
common glass

Vitaglass Common
Vitaglass Common
Vitaglass Common
glass
glass
glass
Dry weight per plant, grams
Crude protein per cent

___

» No plants available.

2.3
29.8

1.7
26.9

(«)

63.4
27.2

*» Average of only 3 plants.

2.6
28.6

2.0
24.6
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At this date the stand was reduced from a maximum of 12 per
15-kgm. box of soil to four each, with the single exception noted in
the table. It appears that the plants were generally larger and
contained more crude protein under Vitaglass.
On December 6 the stand was reduced to two plants per box, these
receiving an application of 0.35 gm. KNO3 and 0.18 gm. Ca(H2P04)2.
Tassehng and silking began soon after this, but about six days earher
under Vitaglass than under common glass. Despite artificial pollination to compensate for irregularity of development of silks, the crop
was sterile with the exception of one plant from the original seed
under Vitaglass. The stover harvested on January 30, 1930, showed
no essential difference in nitrogen content under the two forms of
glass. Thus there was in this respect no residual effect from earher
exposure to higher planes of idtra-violet light.

FiuuUE 5.—Corn iiUvnts iihdtogriiphed April 1,1930, at suviiii weeks of age, after continuous e.^posurc
under glass: A and li are Golden Olow from seed produced under Vitaglass, A havins grown
under common glass and B under Vitaglass; C and 1) arc a pure-line selection from Illinois cold
resistant, C having grown under common glass and 1> under Vitaglass

A further planting of maize in the same boxes was made on February 3, 1930, and on May 7 the plants were thinned to two per box.
Some of the seed used was of a pure-line cold-resistant type developed
by the Illinois experiment station and the United States Department
of Agriculture. This was introduced to contribute greater uniformity
of plant performance. The remaining seed was from the same
source as that used in the previous test. Injury which developed
from fumigation with tobacco smoke on February 27 indicated that
the plants under Vitaglass possessed more open, succulent tissue than
the others. Figure 5 shows the appearance of the plants on April 1.
Tassels appeared under Vitaglass on April 12 and two days later
under common glass, in the Golden (îlow variety. Harvesting of
the crop extended from June 4 in the case of plants from seed reared
under Vitaglass to June 18 in the case of pure-line seed under comrnon
glass, the remaining plants being taken on June 7. Again fertilization
had been quite irregular, so that only partial data were taken. These
must be discounted because of the small numbers involved of a
69351—31

i
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species relatively variable in performance. The yield of air-dry
stover from pure-line seed was 18 per cent greater under common
glass despite the larger size of the other earlier plants. The yield
from seed reared under common glass was 48 per cent greater under
Vitaglass. In the case of grain produced by the latter plants both
the ether extract and the true protein content were higher under
Vitaglass than under common glass, the respective percentages being
4.7 and 4.2 for ether extract and 9.9 and 8.8 for protein. The results
are indefinite as to yields but favor some carry-over of lipide differences from the foliage (as previously observed) to the seed.
SOLANACEAE
TOMATO (LYCOPERSICUM ESCULENTUM)

Seedlings of the Globe variety of tomato reared under common
glass were transplanted to the cubical boxes of silt loam under both
types of glass on April 6, 1929. On May 1 one-half (eight) of the
plants were taken for analysis, with the results given in Table 9.
These show that the plants were larger under Vitaglass and that the
content of ether extract was greater.
At this time one box from each radiation treatment was exposed
out of doors for the cold-hardiness test. Both cultures were severely
injured at minimum air temperatures of about 0° C, but that from
beneath Vitaglass more so. Figure 3, C and D, shows the appearance of these plants after continued exposure out of doors up îo June
6. In the spring of 1930 a second collection of young tomato plants
was prepared for the outdoor-hardiness test but the weather proved
unfavorable. They were therefore placed in the ice can of a refrigerating machine. Four hours later when they were removed, the
temperature about the plant tops was 0° C. After standing in a cool
basement for 20 hours, the plants reared under Vitaglass gave evidence
of serious frost injury.
TABLE

9.—Effect of glass light screens upon the yield and partial composition of
young tomato plants, May 1, after selective light exposure for 25 days
Screen

VitaglassComnion glass

-

-

Fresh
weight

Ether
extract

Trae
protein

Grams
652
510

Per cent
1.8
1.3

Per cent
19.7
18.9

Nonlipide,
nonprotein
nitrogen

Hemicellulose

Grade
fiber

Per cent
2.0
2.0

Per cent
36.7
37.8

Per cent
13.6
13.9

On May 10 the stand was reduced to three plants per box. The
average air-dry weight per plant removed was 2.4 gm. under common
glass and 1.4 gm. under Vitaglass. There were now left three boxes,
nine plants in each, those under Vitaglass being somewhat the paler.
By May 31 a few fruits had attained a diameter of about 2.5 cm.
under both glasses, but their average size was considerably greater
under common glass on June 11. The vines showed also in this case
the onset of maturation by the basal dying. One would expect the
opposite effect to be produced if more heat was absorbed by the plants
under Vitaglass. A light application of KNO3 was made on June
20. Blossom-end rot soon became rather common and fruit so
aifected was discarded after it was weighed, as the ripening crop was
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gathered. On July 10 there were left on the vines under Vitaglass
17 fruits of or above egg size and many smaller ones, while under
common glass there were 28 larger green fruits and but few smaller
ones. This niight also be interpreted as signifying delayed maturation under Vitaglass, but the fruit actually colored off earlier under
Vitaglass. On July 20 the final picking removed all but very small
green fruits. Four ripe fruits from beneath each glass were preserved
for analysis by slicing into a sufficient volume of boiling alcohol to
give about 70 per cent concentration. The remaining fruits had been
sUced and oven-dried as they ripened, killing at 98° C and finishing
at 70°. Sections about 20 cm. long were taken from the middle of
the stems for analysis. Under Vitaglass 10 green fruits weighed
460 gm. and 27 ripe ones 2,375 gm., while the corresponding values
under common glass were 644 gm. for 12 green fruits and 3,776 for
53 ripe ones. There was thus the greater set of fruit under common
glass. Naturally, the average size per ripe fruit would be greater
under Vitaglass than under common glass, because there was less
crowding; the respective values were 88 and 71 gm. Sugars and
acid were determined on the preserved fruit, the latter being only
approximate in value, due to titration by indicators in a colored
extract. The remaining values were obtained from dried tissue.
These various data are assembled in Table 10.
TABLE

10.—Effect of glass light screens upon the partial composition of tomatoes
grown from April to July^ 1929^ under glass
Percentage composition of ripe fruit
Screen

Vitaglass
Common glass

__

Dry
matter
-

.

5.3
3.5

Ether Reducing Acids, as
extract
sugars
malic
1.4
1.4

13.3
12.2

6.6
5.3

Nonlipide,
True
protein nonprotein
nitrogen
4.6
4.8

0.97
.71

An inspection of these values shows that the less succulent fruit
was produced under Vitaglass. Computation on this basis gives
nearly equal yields of dry matter in the ripe fruit, or 126 gm. under
Vitaglass and 132 gm. under common glass. There is some evidence,
in the higher proportions of simpler nitrogen compounds, acids, and
perhaps sugars, that the fruit under Vitaglass was the seat of the
greater metabolic activity. The mature stems show no essential
difference in proportions of skeletal compounds.
A test for cumulative effects was made with this species by sowing
on September 27 seed recovered imder both types of glass the previous
summer. The seedlings were transplanted to flats under the different
glasses on October 16 and transferred to the cubical boxes of loam on
November 9. Analysis of the tops of residual plants at this time gave
the following values for crude protein: Seed from Vitaglass under
Vitaglass 19.3 per cent, under common glass 17.4 per cent; seed from
common glass under Vitaglass 19.2 per cent, under common glass 17.1.
It thus appears that there is a considerable spread in crude protein
content in favor of Vitaglass, irrespective of radiation treatment in
the previous generation.
On December 5 the plants under Vitaglass displayed slightly
greater height and considerably greater diameter of stem, as shown
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in Figure 6. This might be either an effect of increased infra-red
(heat effect) or a growth-stimulating effect of increased ultra-violet
radiation. At this time a fertilizer application was made of 0.35 gm.
KNO3 and 0.17 gm. Ca(H2P04)2 per box. Blossoms appeared first
under common glass on December 20, but two weeks later there were
numerous buds under both types of glass. On January 12, 1930, the
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6.—Olobc tomato plants photographed December 5, 1929, at 10 weeks'of age, after continuous exposure under glass: A and B were reared from seed produced under common glass,
C and D from seed produced under Vitaglass; A and C were grown under common and B and D
under Vitaglass

FIGURE

two smaller plants in each box were harvested.
data given in Table 11.

These provided the

11.—Ejfecl of glass light screens upon the yield and -partial composition of
tomato plants grown under glass, January IS, 1930, 107 days after sowing

TABLE

Yield from—
Screen
Vita seed Common
seed

Commonglass

,

Grams
il. 2
36.6

Grams
50 4
37.8

Non lipide.
Ether ex- True pro- nonprotein
tract
tein
nitrogen

Per cent Per cent
4.1
12.2
4.0
13.0

Per cent
64

As regards yields, the behavior of duplicate cultures was consistent
and there was pronounced superiority of Vitaglass, regardless of treatment in the preceding generation. As would be anticipated on genetic grounds, the effect is therefore purely an environmental one.
Earlier differences of composition had disappeared at this time.
Artificial pollination was discontinued on February 10, when a total
of 33 blossoms had set under Vitaglass and 24 under common glass.
E. F. Burk, assistant in horticulture, called attention on this date to
the generally shorter length of pistil under Vitaglass, which would
favor fertilization. Although there had been little difference in the
date of earliest blooming, the fruit ripened somewhat more rapidly
under Vitaglass. The total yield in this instance was 59 ripe or large
green fruits weighing 4,992 gm. and 48 fruits under common glass
weighing 3,477 gm. Thus, despite a more crowded fruit population,
individual fruits attained a greater average size under Vitaglass than
under common glass, with values of 85 and 72 gm., respectively. When
the vines were harvested on April 5 seven small fruits were removed
under Vitaglass and 13 under common glass. The yield of air-dry
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vines was nearly equal under the two glasses, being 484 gm. under
Vitaglass and 507 under common glass.
Analytical results from composite samples of ripe fruit under each
glass are given in Table 12. More succulent fruit was produced under
Vitaglass. The difference from the earlier crop might follow soil
moisture differences. These fruit solids were characterized by greater
proportions of lipides and acids than under common glass.
TABLE

12.—Effect of glass light screens upon the partial composition of ripe tomato
fruits produced under glassj February 28 to April 7, 1930
Screen

Vitaglass
Common glass

Dry
matter «

Ether
extract

Nonlipide,
True pro- nonprotein
tein
nitrogen

Per cent
4.0
0.3

Per cent
1.8
1.3

Per cent
4.1
3.9

Per cent
0.68
.81

Acidity
of 1:100
extract
pH
4.40
4.85

Acidity
as malit
Per cent
^5. 37
4 36

« On this basis the total dry matter production in both ripe and larger green fruits would be 200 gm,
under Vitaglass and 219 gm. under common ^lass.
6 By potentiometric titration.
POTATO (SOLANUM TUBBBOSUM)

Only one test was made with potato, the Irish Cobbler variety
being used. Small eyepieces of nearly equal size were planted in
20-kgm. portions of loam soil contained in cubical boxes. The
sprouts emerged on February 10, 1930, and on February 27 the lower
internodes were twice as long under common glass as under Vitaglass.
A month later the tops were more recumbent under common glass
and the leaves were somewhat smaller than under Vitaglass. The
vines also matured earlier under this treatment, so that the tubers
were harvested on May 12 as compared with May 24 under Vitaglass.
In comparing the data presented in Table 13 it must be recognized
that they were derived from single plants. Aside from increased
efficiency of the vines in producing tubers there is no significant
difference related to radiation treatment.
TABLE

13.—Effect of glass light screens upon the yield and partial composition of
potatoes grown under glass and harvested in the middle of May, 1930

Screen

Vitaglass
Common glass

Yield of
air-dry
vines
Grams
8.2
13.5

Nonlipide,
Yield of
Dry
Ether True pro- nonprotein
air-dry matter in extract
tein in
in
tubers
tubers in tubers tubers nitrogen
tubers
Grams
57.9
54.9

Per cent
17.6
16.5

Per cent
0.4
.4

Per cent
7.7
8.1

Per cent
1.3
1.1

CRUCIFERAE
CABBAGE (BRASSICA OLERáCEA)

Cabbage seedhngs of the variety All Seasons reared under common
glass were transplanted to the smaller cubical boxes of soil on April 6,
1929. On May 2 a culture from each radiation treatment was
exposed in the coldframe as described in earlier tests. Three days
later incipient injury was discernible on the leaf edges of plants which
had been under Vitaglass. These cultures were left out of doors, and

148

Journal of Agricultural Research

Vol. 42, No. 2

on June 6 presented the appearance shown in Figure 7, with more
coloring and with dying of the basal leaves in the now stunted plants
which began growth under Vitaglass. Both cultures were returned
to their respective exposures in the greenhouse on June 15, one-half
(four) of the plants from each culture having been removed to promote
heading. It is apparent that the plants under Vitaglass received a
greater shock from frost than did the others. At this time they
contained 14.5 per cent crude protein in the dry matter as compared
with 13.8 per cent in the others.
In the spring of 1930 a further test of hardiness was made. The
weather failed to serve for chilling, and the plants, about 3 weeks of age,
were placed in a refrigerator ice can at 8 a. m. At noon the temperature had reached 0° C, but the cultures were further chilled until
5.30 p. m. Plants of the Early Jersey Wakefield variety showed
injury the next morning in the culture from beneath Vitaglass. With
the Copenhagen variety there was no appreciable injury.
Of the cultures reared continuously under glass, by May 29 those
under Vitaglass were about 2 inches lower than the others. The

7.—All Seasons cabbage plants photographed June C, 192fl, at eight weeks of age: A and B
were grown continuously under glass; O and T> were exposed outdoors for a cold-hardiness test at
three weeks of age; A and C were grown under Vitaglass and B and D under common glass

FIGURE

relative development shown in Figure 7, A and B, was recorded on
June 6, when the culture under Vitaglass gave evidence of greater
maturity by the shedding of basal leaves. When the plants were
thinned on June 15 in the hope of promoting heading there was no
difference in crude protein content of the tops, the values being 15.5
and 15.6 per cent of the dry matter. Despite an immediate apphcation of KNOj and outdoor exposure imtil July 5, growth practically
ceased and these cultures were abandoned.
RADISH (RAPHANOS SATIVUS)

On January 3, 1930, sowings of the Early Scariet Globe and Grand
Rapids Forcing varieties of radish were placed in beds of composted
loam on the west-side bench of the greenhouse. These were thinned
and tended in the customary manner. A census on February 13
showed practically no signs of root storage in about 165 plants of
the Early Scarlet Globe variety under each type of glass. Of about
100 plants of the Grand Rapids variety under each glass 14 roots were
filled under Vitaglass and 4 under common.
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The areas in question were now planted to a type better adapted to
production under glass. Early Scarlet Globe Superstandard was sown
on February 15. When the plants were thinned on February 26 the
area under Vitaglass contained small scattered plants, as compared
with numerous vigorous ones under common glass. It should be
observed that the Vitaglass area was subject to excess beat above the
radiator intake. The removal on March 17 of certain plants which
somewhat shaded the common-glass area promoted the proportion of
filled roots. Harvesting occurred at intervals between March 17 and
April 9 as the plants developed, the grand total yields of fresh tissue
being as follows: 127 plants under common glass gave 708 gm. of
tops and 557 gm. of roots; 146 plants under Vitaglass gave 552 gm. of
tops and 606 gm. of roots. The production of tops was therefore
better under common glass and the production of roots was better
under Vitaglass. In another way the greater efficiency of root filling
under Vitaglass is shown by the ratio of root to top yield, which was
1.10 under Vitaglass and 0.79 under common glass. The average
root weight was nearly the same for the two treatments, or 4.16 gm.
under Vitaglass and 4.41 under common glass. On two dates, March
17 and 29, the tissues were partly analyzed, with the results shown in
Table 14.
TABLE

14.—Effect of glass light screens upon the growth and composition of
radishes
Screen

Vitaglass
Comnioii glass

Dry mat- Dry mat- Dry mat- Dry mat- Crude pro- Crude proter of top, ter of root, ter of top. ter of root, tein of root. tein of root,
Mar. 29
Mar. 29
Mar. 17
Mar. 29
Mar. 17
Mar. 17
Per cent
6.9
6.3

Per cent
4.9
5.4

Per cent
9.1
8.0

Per cent
5.0
4.6

Per cent
18.9
22.7

Per cent
15.1
16.1

There is some consistency in relative dryness of top and lesser
nitrogenous content of root under Vitaglass but more data would be
required to justify conclusions.
LILIACEAE
ONION (ALLIUM CEPA)

Seeds of a white variety of onion were sown in flats early in April.
After frequent clipping to induce bud development the crop of 18
plants per box was harvested on June 23, 1930. The roots were somewhat longer under Vitaglass. Table 15 gives the data obtained. The
value for nitrogen in the bulbs under Vitaglass may well be questioned, but there was no material for verification. From these limited
data it is only possible to infer that the fuller spectrum under Vitaglass was unfavorable to development of this genus, but less so to
bulb than to top.
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IS.—Effect of glass light screens upon the yield and nitrogen content of
onions grown under glass and harvested June 23, 1930

Screen

Common glass

Yield of
green tops

Air-dry
matter in
tops

Nitrogen
in tops

Qrams
18. .5
40.0

Per cent
8.7
9.0

Per cent
1.99
1.20

Air-dry
Weight of
in
green bulbs matter
bulbs
Qrams
21.6
32.6

Per cent
13.0
10.4

Nitrogen
in bulbs
Per cent
0.78
2.28

A hardiness test conducted in the refrigerator at about 0° C. for
nine hours on May 5 resulted in serious injury to plants about 3.5
weeks old reared under common glass. However, these occupied a
lower position in the freezing can than those from under Vitaglass
and were probably subjected to a somewhat lower temperature.

iIGUKE «.—\ ellow i>oleus (A and B) and Wisconsin Black soybean (( ' iinil I)) plants pliotograplieil
June «, at eight weeks of age, after continuous growth un<ier glass. A and C were grown under
Vitaglass and B and D under common glass
LEGUMINOSEAE
SOYBEAN

(GLYCINE

HISPIDA)

Seed from a commercial stock of the Wisconsin Black variety of
soybean was planted in cubical boxes of loam on April 8, 1929. On
May 1 the average height to stem tip under Vitaglass was L5 cm. and
under common glass 12 cm. In thinning on this date 7 plants were
taken and 10 left in each box. The green weights removed under
the two glasses were essentially equal. By May 29 the plants in
their natural posture were about 7 cm. taller under common glass
than under Vitaglass. On June 1 many seed pods had formed under
Vitaglass but only a few under common glass. The greater vegetative expansion under common glass on June 6 is apparent in Figure
8, C and D.
Most of the culture under Vitaglass were mature on July 10, three
days earlier than under common glass. The plants were dried slowly
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above a steam-heated oven to permit full translocation to the seeds.
All brown pods and approximately the upper two-thirds of the plants
were taken for obtaining data on yield and composition. The
plumper seeds of each treatment averaged 152 mgm. in weight under
Vitaglass and 135 mgm. under common glass, with total yields of 105
and 66 gm. under the respective treatments. The analytical results
obtained are assembled in Table 16.
TABLE

16.—Effect of glass light screens upon the percentage composition of soybeans grown under glass and harvested July 10-13

Screen

Vitaglass
Common glass.--

Ether
extract
of seed

True
protein
of seed

Nonlipide,
nonprotein
nitrogen
of seed

Ether
extract
of top

True
protein
of top

17.2
18.1

36.6
34.2

0.59
.49

3.2
2.3

25.0
23.6

Nonlipide, Heminonprotein cellulose
nitrogen
of top
of top
1.67
1.71

33
34

Crude
fiber of
top
14
17

The only definitely significant variation in these data is the increased content of ether extract in the vines reared under Vitaglass.
Further tests might enhance the importance of decline of crude fiber
and increases of protein here observed.
Attempts to test performance of this species in the second generation were interfered with by insects. However, plants reared in
late April and May, 1930, from seed of the original supply gave about
15 per cent greater height and leaf area under common glass than
under Vitaglass, with a lesser difference in dry weights. There was
no difference in the content of ether extract with change of glass,
but the crude protein was IQ per cent greater under common glass
than under Vitaglass.
COMPOSITAE

LETTUCE

(LACTUCA

SATIVA)

Lettuce was of particular interest by virtue of its leafy character
and importance in the human diet. Golden Queen and Grand
Rapids, head and leaf types, respectively, were sown in flats on
September 28, 1929. At the second thmning on November 22, all
cultures except Grand Rapids under Vitaglass retained 17 plants,
and that had only 13. The average air-dry weight per plant at this
time was greater under common glass for the leafy variety and imder
Vitaglass for the head-forming variety. As shown in Figure 9, the
vegetative expansion of both varieties was greatest under Vitaglass
on December 5. At this time light apphcations of KNO3 and
Ca(H2P04)2 were made in all flats. On December 16, following a
prolonged period of low light intensity in cloudy weather, bacterial
wilt was spreading rapidly in the Grand Rapids culture under Vitaglass. The margins of the leaves appeared to indicate slight osmotic
injury from the salt applications. Consequently, the smaller pairs
of flats under each type of glass were harvested, while the larger ones
were further thinned, this selection involving 10 to 12 plants per
flat. The dried tissues were subjected to chemical examination,
with the results shown in Table 17. Despite the smaUer size of the
plants under Vitaglass, the constituents determined were present m
remarkably uniform proportions under the two types of glass, with
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the exception of a marked increase in lipide content of the head type
under Vitaglass.
TABLE

17.—Effect of glass light screens upon the yield and partial composition of
lettuce harvested December 16, 1929, 79 days after sowing under glass
Average air-dry
weight per plant

Ether extract

Screen
Head
type

Common glass

Centigrams
86
90

Leaf
type

Head
type

Leaf
type

Total
nonlipide
nitrogen,
head
type

Nonlipide,
True
nonprotein, protein
leaf
nitrotype gen,
leaf
type

Centigrams Per cent Per cent Per cent Per cent Per cent
6.4
4.94
16.8
0.92
59
6.3
5.07
.88
75
6.0
6.3
16.7

FLOWERING PLANTS

In view of favorable effects upon reproduction obtained under
Vitaglass in some of the preceding tests, it appeared desirable to

9.—flraiid Hapids leaf (A and B) and Golden State Queen head (0 and D) lettuce photographed December 5, l»29^at 10 weeks of age, after growth under glass: A and O were reared under
common glass and B and D under Vitaglass

FIGURE

include in the present investigation a few species of floricultural
value. On January 5, 1930, Chinese primrose (Primula dnensis) and
ageratum (llustonainum) were sown in beds of composted soil on
the west bench of the greenhouse. By February 27 ageratum was
more extensively vegetative under Vitaglass, while primula was about
equally developed under the two forms of glass. On May 6 both
species were in bloom and of much superior development under common glass. These responses were possibly complicated by excess of
bottom heat from the intake of heating coils under the Vitaglass.
Potted cyclamen {Cyclamen pensicum) and fairy primrose {Primula
malacoides) in early bud placed under the special glass areas on
November 25, 1929, developed blossoms two to three days earher
under Vitaglass than under common glass. Recently repotted
cineraria {Senecio cruentus or Cineraria hydrida) and fairy primrose
were subjected to the above-mentioned exposure beginning on December 10, and they also bloomed the earlier, Januaiy 2, 1930, under
Vitaglass. These appeared equally developed under the two glasses
on February 5. Due consideration must be given the possibility
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that these effects could follow the greater heat transmission of
Vitaglass.
Cuttings of begonia {Begonia maculata or Argentia guttata) set in
sand were examined on February 3, 1930, after several weeks' exposure under the two types of glass. One-half the population of each
flat (16 cuttings) showed no appreciable difl'erence in root development. (Continued exposure of the plants in potted form up to
March 29 led to generally better development under Vitaglass, as
shown in Figure 10. On May 10 the nitrogen content based upon
samples from the tops of 10 plants gave under Vitaglass 2.36 per
cent and under common glass 2.53 per cent.
In further tests with relatively small numbers of cuttings in both
November and April neither glass gave decidedly superior rooting.
Another test with young potted plants began early in February, and

10.—Chrysanthemum (.\ and B) and begonia (C and D) plants reared from cuttinRS produeed under glass covers and photograplied Aiiril 1. IMO, eight weeks after transplanting; A and C
were reared under common glass, li and 1) under Vitaglass

FIGURE

by the end of March the plants imder common glass were more vegetative than the others, possessed more extensive root systems, and
were slightly more advanced in blooming.
On April 10, 1929, cuttings of both red and yellow varieties of
coleiis {Coleus blumei) were prepared for exposure under the two
types of glass. These were transplanted to flats of loam three weeks
later. By May 20 the yellow variety was better developed and more
highly colored under Vitaglass, while the red variety gave a less
certain improvement under common glass. However, on June 6 the
yellow variety was taller under common glass, as appears in Figure
8, A and B. When the tops were harvested a week later they provided the analytical data of Table 18. Both varieties show a higher
content of ether extract under Vitaglass. While the red variety
seems to have proflted also in protein from this exposure, the yellow
variety accumulated nonprotein nitrogen.
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18.—Effect of glass light screens upon the percentage composition of coleus
tops, June 13, after nine weeks' growth from cuttings
Percentage composition of tops
Coleus variety

—
Yellow

Screen

rvitaglass
__ _ . .
\Common glass -_.
/Vitaglass
. _ _ _
ICommon glass

Ether
extract

True
protein

Nonlipide,
nonprotein
nitrogen

7.9
6.2
6.0
5.2

17.5
15.5
13.6
15.5

0.58
4S
1 49
99

A second test with cuttings was set up November 20, 1929. On
December 16, following a prolonged cloudy period, the yellow variety
was more widely rooted over the base of the stem under Vitaglass
and the vigor of root system of the red variety also appeared to be
favored by this treatment. The plants were now potted, and on

Ii'jGLiiii 11. -Yellow (\ and II) nndreil (C and I)) vurieties of coleus reared from cuttings produced
under gla.ss covers and photographed ,\pril 1,193D, 15 weeks after transplanting. A and C were
reared under common gla.ss, H and 1) under Vitaglass

February 5 the vigor of tops was greater under Vitaglass, more
particularly those of the red variety. On March 29 the leaves of the
yellow variety under Vitaglass were bleaching and rolling, while the
other variety had attained nearly equal development under the two
types of glass. The root systems generally had extruded from the
bottom of the pots under Vitaglass. In Figure 11 are displayed the
larger, paler leaves of the yellow variety and the rather smaller and
darker leaves of the red variety under Vitaglass.
A third lot of cuttings was made on April 15 from the plants just
described. Inspection on May 7 of the small population showed 100
per cent rooting in all cases except the red variety derived under
Vitaglass and tested under common glass. The tops of the red
variety were also relatively poorly developed under common glass.
Figure 12 shows the generally superior rooting of the yellow variety
under Vitaglass.
Cuttings of a mixture of varieties of chrysanthemum {Chrysanthemum hortorum) were placed under glass October 23, 1929, and four
weeks later they were examined. Here again the population was
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too small (35 each) for conclusive results. In round numbers the
percentage of total rooting was 100 under Vitaglass and 90 under
common glass, with 95 and 80 per cent, respectively, of well-rooted

FKJUKE

12.—YOUDW coleuf ciittiriBS iihotogriiphed Miiy 7. U«n, after three weeks growlli in sanil;
A iirid ]i ii7i(ler Vitaglass and C and U under coiiinion glass

cuttings. Under Vitaglass the better roots averaged 5.6 cm. maximum length as compared with 6.4 cm. under common glass.
Tliis test was repeated, with examination of the cuttings on February 3, 1930. There was, as one might anticipate for solar radiation

Fir.URF, 13.- Chrysanthemums photographed May 7,1!>30, after Ui weeks growth uinler glass, from
cuttings. I'lants in A were reared under common glass and in B under Vitaglass

of the winter season, no essential difference in development under
the two glasses. The plants were potted at this time, and on March
29 they displayed the somewhat retarded development under Vitaglass
which is apparent in Figure 10, A and B. As shown in Figure 13,
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the plants under Vitaglass later advanced to flowering at the expense
of vegetative enlargement, while those under common glass displayed
only miniature terminal buds. The tops above the sixth internode
were now taken as representative of the more chemically plastic
tissues, and these furnished the data in Table 19.
19.—Effect of glass light screens upon the percentage composition of upper
tops of chrysanthemum on May 8y after 18 weeks growth from cuttings

TABLE

Ether
extract

Screen

Vitaglass
Common glass

_
..

___

4.7
4.9

True
protein
13.2
14.5

Nonlipide,
nonprotein
nitrogen
0 39
40

Despite the marked difference in development, an examination of
the plant tissues under the two glasses showed no appreciable difference
in composition. It is possible, of course, that samples from the
region closer to the reproductive organs or even a general sample
taken earlier would have dislcosed compositional relations to blossoming performance.
There are likely to be varietal differences in behavior toward either
increases in ultra-violet rays or the complex change resulting from
replacement of common glass by Vitaglass. On October 15, 1930, a
few potted plants were selected of the Gladys Pearson variety of
chrysanthemum which were rather uniform in the early stages of bud
developnient. A part of this selection was placed under each type
of glass in the special greenhouse. Similar treatment was given a
small yellow pompon variety. There are marked differences in the
general character of these varieties, Gladys Pearson developing large
buds and a few correspondingly large stems with rather pale leaves,
while the yellow pompon produces many small buds on numerous
stalks and dark-colored leaves. On November 1 several blossoms
were opening on the Pearson variety while the buds were beginning to
break on the pompon. Development was about equally advanced
in the Pearson, which is evidence that there was no difference in
heating effect under the two glasses. In the pompon bud opening was
more advanced under Vitaglass. From this difference in behavior it
would seem that the larger variety of chrysanthemum here tested was
either too far advanced in bud development or otherwise unadapted
to develop blossoming response under this particular exposure. The
pompon variety, on the other hand, was apparently adapted and still
amenable to stimulation by an increase in the shortest solar rays.
DISCUSSION

The relatively high transparency of Vitaglass to both ultra-violet
and infra-red rays must be considered in attempts to explain plant
responses of the kind here described. Although, as shown in Figure
2, excess heating of the atmosphere about the plants under this glass
was largely compensated for by forced ventilation, infra-red rays
were doubtless absorbed by the plant tissue to a greater extent under
this exposure. The insertion of thermocouples should make evident
any resultant heating effects within the plant, but there seems to exist
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little information as to what other effects such rays may produce.
Furthermore, it is clear that due consideration must be given the
season of year concerned, as this affects the duration, intensity, and
spectral distribution of solar radiation upon the plants. However,
so far as its general range of transmission is concerned, Vitaglass surely
affords radiation more closely resembling direct sunlight than that
transmitted by common glass. This fact is of paramount importance
in the present considerations.
Outstanding in the response of Marquis wheat under Vitaglass
was its erect habit. (Fig. 3.) The effect was more prominent in this
early summer period than in the late fall, when it resembled the
results with winter wheats seen in Figure 4. This is not a temperature effect, for, as is well known, higher temperatures induce a flaccid,
recumbent type of growth. It is at least remarkable that the difference in growth character acquired by early differences in the type of
radiation received persisted after several weeks of common exposure
to the outdoor environment. The results are suggestive of the
continued functioning of directive substances, such as the hormones
postulated in explanation of the dominance of apical over lateral
buds. While the initial responses of the cultures to frost exposure
indicated no lack of hardiness in the plants started under Vitaglass,
the ultimate depression of grain yield bespeaks a greater temperature
shock in this particular culture.
Apparently the growth responses of wheat were modified by both
variety and season, for in the autumn Marquis was not appreciably
larger under Vitaglass than under common glass, whereas it was in
the spring. Two of the winter varieties were also larger under
Vitaglass. Furthermore, Marquis wheat matured earlier under Vitaglass in the spring but later in the autumn. After the wheat had
remained in a state of semidormancy for a prolonged winter period
differences in performance and composition became obliterated, as
though some unstable, directive factor had been diluted, masked,
denatured, or even lost. In the harvest of spring-grown and summergrown Marquis it appears that reproduction was markedly favored
under Vitaglass. So far as the examination shows, the lipide content
was considerably greater under Vitaglass than under common glass in
young wheat plants, with lesser indications of parallel increases in one
or another form of nitrogen compounds. It seems hardly probable
that the increase of lipides was in this instance due to higher tissue
temperature, for in earlier work (26) the percentage of this fraction
was reduced by growth at higher temperatures. On the whole this
species was disturbed more in form of growth and reproductive functions than in composition under the more extensive type of radiation.
As regards maize, injury by both frost and smoke indicate a looser
form of tissue and less hardy type of growth under Vitaglass. Stimulation under exposure to this radiation is further indicated by increased size and earlier maturity. These characters were accompanied
by increased proportions of lipides and protein in the tissue, which
apparently carried over in part to the composition of the grain. In
the infertile plants harvested in the winter these differences were not
found.
The variety of tomato tested grew more rapidly and attained
greater lipide content under Vitaglass. However, it was less hardy
toward frost than when grown under common glass. In the tomato also
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differences of composition disappear with the winter decline in solar
radiation. The larger fruit under Vitaglass, together with increased
content of acids and either lipides or the nitrogenous fractions, is
suggestive of a higher plane of metabolic activity than under common
glass. Perhaps this difference in performance after a quiescent winter
period should be ascribed to immediate radiation differences, rather
than to products previously formed by virtue thereof. In this connection it is well to recall the work of Murneek {17)j who found
marked metabolic monopoly of nitrogen compounds by the fruit of
tomato. To what extent this demand is enhanced under Vitaglass
remains problematical. The stimulation of early development noted
here and with other species might be considered an index of greater
nitrogen assimilation. As a matter of fact, one of the writers {27)
found that ultra-violet rays promote absorption of nitrate by the
young wheat plant, but the evidence for a difference between Vitaglass
and common glass in this respect has been inconclusive in the present
investigation.
Throughout the responses of such widely diverse species as potato,
radish, and onion runs the common factor of increased proportion of
storage tissue, in addition to marked depression of the vegetative
phase, under Vitaglass. This form of response was not attended by
appreciable changes in the chemical composition of the tissues. With
due recognition of the fact that, as with enzymes and vitamins, minute
quantities of directive substances might serve to shift the morphological expressions of metabolism, more discriminating analytical
methods than were here employed would be required to determine
this issue. In the case of the variety of cabbage tested, minor depressions of growth and cold hardiness were accompanied also by closely
similar gross composition.
Particular interest attaches to the results obtained with the variety
of soybean tested. Both the first and second generations were shorter
under Vitaglass in the spring. A striking increase in the lipides of the
straw in this case was accompanied by some suppression of crude fiber
content and indications of higher proportions of protein. It is apparent that reproduction was especially favored under Vitaglass in this
species, as expressed by both earliness of maturity and increased size
and yield of seed. Thus the soybean becomes aligned with wheat
and tomato in this survey as a plant that shows a simultaneous increase in lipide content and reproductive activity under Vitaglass.
The question naturally arises as to whether the lipides are modified in
character as well as amount, and what particular factor or factors
introduced by the use of Vitaglass are responsible for the results. As
to character, at least, it seems likely that the ultra-violet rays, because
of their generally known activity, might function in an energizing
capacity. On the other hand, the rapidity of development under
higher temperatures is known to restrict desaturation of fats in the
maturing seeds.
Undoubtedly some of the instances of earlier blooming in ornamental plants under Vitaglass could well be attributed to the slightly
higher temperatures prevailing. So also might the rooting of cuttings,
but it is noteworthy that the begonia was independent of such influence.
On the other hand, coleus, and particularly the yellow variety, gave
best rooting and subsequent development of the root system under
Vitaglass. In connection with this behavior it displayed the in-
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creased lipide content observed with other species under this type of
radiation. The better rooting of chrysanthemum under Vitaglass
could hardly be attributed to heat in the instance in which this exposure produced shorter but thicker roots. This effect resembles rather
the relatively better development of storage roots and stems under
Vitaglass. As a matter of fact, relatively high temperatures tend to
exhaust carbohydrates by increased respiration, and the work of
Reid (W) with certain species has shown that these constituents are
primarily concerned in root development. In view of the limited
population here dealt with, the preceding remarks should be considered
as merely in the nature of tentative suggestions. The marked advancement in date of blossoming of chrysanthemum here observed
without associated differences in grosser chemical composition certainly merits closer examination. If it is not found to be a temperature effect, search should be made for constituents which might possess selective absorption for the added ultra-violet radiations available
under Vitaglass.
These results are at variance with the general statements of Sheard
and his associates (24) regarding unspecified species of plants. They
state that the height and size, together with the chlorophyll content
oi the fresh tissue, are greater under Vitaglass than under common
glass. These relations of size do not hold generally in the writers'
results, and rough comparisons of chlorophyll and carotinoid content
on the dry basis indicate greater contents under common glass with
wheat and coleus. However, as will appear presently, it would be
quite possible for differences of plant variety and of various environmental factors to cause such variations in results.
In certain respects the present results conform to those obtained
by Garner and AUard (12) in their investigations of photoperiodism.
They concluded that the length of day '^not only influences the quantity of photosynthetic material formed but also may determine the
use which the plant can make of this material.'' The responses vary
not only between species but between varieties of a given species.
While the seed size of the early Mandarin variety of soybean was
reduced when day length was 12 hours and less, the late Biloxi
variety produced seeds of normal size when the day was shortened to
7 hours. The tuber: top ratio in the McCormick potato was greatest
on a day of intermediate length, and the chrysanthemmn flowered
earlier on a relatively short day. Some of the short-day responses
recorded by Gamer and Allard were observed under Vitaglass in the
present investigation.
It is difficult to conceive what common causal factors could operate
in these two lines of inquiry. Inasmuch as the usual short day of
Garner and Allard was limited to a midday period, increased proportions of ultra-violet should have been effective, as with the present
tests under Vitaglass. However, they found that shading at midday
also produced short-day effects. On account of the efficiency of
extremely low intensities (3 to 5 foot-candles) of radiation from the
Mazda lamp for increasing the length of day. Garner and Allard conclude that photoperiodic growth responses are divorced from photosynthetic activity. With Bacon (14)f they found in certain species
an accumulation of carbohydrates and a decrease of acidity in the
upper stem in response to shortening of the day, and with initiation
of flowering, but disclosed no general compositional relation. Like69351—31
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wise, Arthur and his associates (6) found no relation between the ratio
of the more available carbohydrates to nitrogen contents and flowering activity of various species. However, it has been shown (Í3) that
the response to photoperiod is relatively localized in the organs exposed and thus apparently independent of circulating agents. It
thus appears possible that sufficiently localized analyses might disclose compositional relations to both duration and character of irradiation in cases where gross sampling and analyses have failed. The
results of Denny {9) offer hope for significance of this procedure
within feasible limits. Garner and AUard ascribe primary significance to a supposed decrease of protoplasmic hydration under the
short day and assume the existence of relatively direct relations between radiation and the plant reactions finally expressed in growth
responses. Bakhuyzen (28) similarly postulates a rôle of protoplasmic hydration in vegetative expansion, but includes a hypothetical hormone. It is conceivable that radiations transmitted
either selectively or in greater proportions by Vitaglass than by common glass could activate certain receptive compounds of the plant to
initiate the differences observed in the writers' test and at the same
time function in the hydration hypothesis of Gamer and Allard.
Despite the negative conclusions of Popp {19) and of Reinhold and
Schulz {21), in certain respects their results resemble those obtained
in the present investigation, and the writers are led to believe that
they may have overlooked important limited responses in growth
behavior and composition. Thus, the former recovered larger tomato
plants and more fruit, together with slightly increased nitrogen
content of the tissue, under a glass resembling Vitaglass in ultraviolet transmission. The other investigators here cited obtained
increased yields and earlier ripening of tomatoes reared as seedlings
under a glass resembling Vitaglass, together with increased root
development of the radish.
Practical applications of the effects under Vitaglass here observed
would seem to have distinct limitations as applied to plant production.
However, for genetic studies the stimulation of seed production and
shortening of the growth period should be adyantageous. Moreover,
the results of McCrea {15, 16) indicate the practicability of enhancing medicinal potency of plants by transplantation to the field of seedlings reared under special glass. The results do not indicate commercial
advantages in the production of such greenhouse crops as radish and
tomato under Vitaglass. Further tests might demonstrate superior
delicacy of leaf in such crops as lettuce, but such crops are readily
provided out of season by modern transportation from field cropping
in the United States. It could hardly be profitable to force the blooming of chrysanthemum and other ornamentals under special glass if
suppression of size in both plants and blossoms is likely to follow.
However, it must be recognized that several of the species here tested
were not reared under optimal conditions of temperature. There
appears, therefore, to be justification for further investigation of the
practicability of introducing Vitaglass into greenhouse practice. In
the case of certain cuttings and seedlings the present results indicate
favorable growth rates by this treatment, and it would be desirable
to compare the performance of these after transplanting them to the
field.
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As was indicated at the outset, the present investigation is hardly
more than a Umited survey. For conclusive results each species
tested would require further examination. It is believed, however,
that the more prominent results obtained justify further research.
It will be desirable also to isolate the effects of infra-red from those of
ultra-violet radiation. In further analyzing the plant response,
particular attention should apparently be directed to the character
of lipides in the leaf.
SUMMARY
Twelve species of plants, representative of four families of economic
importance, have been tested as to growth performance and partial
composition under Vitaglass. Similar cultures under common glass
served as controls.
Some of these species gave only such growth responses as might be
expected to result from increased temperatures due to the excess of
infra-red radiation transmitted by Vitaglass.
Certain species which do not possess winter-hardening capacity
were more subject to frost injury following early development under
Vitaglass.
In various species seed production, root storage, or earliness of
blooming were favored under the more extensive irradiation under
Vitaglass.
In some instances an increased percentage of protein or of nonprotein, nonlipide nitrogen was found in the tissues produced under
Vitaglass, but the most consistent compositional response to this
exposure was an increased percentage of lipides in the dry matter.
While mutual functioning of ultra-violet and infra-red radiations
may be important in the use of Vitaglass, the desirability of separating
these factors for comparison is indicated.
Some of the effects obtained under Vitaglass resemble those reported
elsewhere in investigations of photoperiodism, but no causal factors
common to the two cases are now apparent.
Possible applications of Vitaglass in commercial plant production
are discussed, and suggestions are deduced relative to future experimentation.
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