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Introduction

Transpiration may be defined as the loss of water in the form of
vapor from the stem and leaves of the living plant. 1In general, trans-
piration is affected by those external changes which affect evaporation
from an open water surface, amount of water available and by internal
changes in the plant itself.

Light intensity is known to affect transpiration as well as other
plant processes. Since the greater amount of transpirational water is
lost during the day, the natural assumption is that with increased light
intensity the transpirational curve would rise. Vhen the light inten-
sty is increased, however, more infra-red rays are given off and a
rise in temperature is the result. OSince transpiration is kmown to vary
directly with the temperature, this transpirational increase, caused by
increasing the infra-red rays, would be only indirectly caused by a change
in the light intensity.

The increase in temperature, caused by higher light intensities,
is thought to account for only a part of the total increase in transpira-
tion. The remaining portion is generally thought to be produced by the
opening of the stomata when subjected to high light intensities which
increases the transpiring surface of & plant.

In view of the fact that the literature on the esbove generalities
was found to be guite varied and in some cases contradictory, a plan
of study was formulated in an effort to determine the effect of light

intensity on trangpiration while keeping all other factors constant.
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Review of Literature

Kiesselbach (9) reports the first effort to measure weter loss from
plents wags made by Woodward of England in 1692. Stephen Hales conducted
trenspiration experiments as early as 17368. By 1909 there were at least
‘594 publications on trenspiration and since that date many more have been
added.

The effect of light on transpiration and other plsnt functions has been
studied extensively during the last 30 years. These studies have been con-
ducted on the effect of total light intensity and certain wave lengths of
light on water loss and on the opening of stometa, since stomatal action is
thought to be a controlling factor in water loss.

Livingston (14), using Tradescantia zebrina measured the stomatal

pores and found the capacity for diffusien to range from 1.92 to 6 times
the evaporating power of the air. By using diffused light he concluded

that the varistion in size of the stomatal pores of Tradescantis zebrins

was great enough to explain that portion of the daily rise in the transpira-
ticn rate which is not dependent upon the variation in the evaporating power
of the sir. In direct sunlight, however, he found that the varistion in the
stomatal opening is not large enough to account for the daily rise in trans-
piration. In further studies Livingston (15, 16) found that those en~
vironmental conditions which affect the rste of vaporization of water zct
directly to influence trenspiration. Different species of plants were

found to differ in their response to solar raedistion and the ssme individ-
ual responds differenfly according to its stage of development, and to the
previous trestment to which it has been subjected. He slsc reports

that the influence of indirect solar radistion should not be neglected in

discussions of the influence of sunshine on transpiration.:

Livingston concluded that the total amount of
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transplirational water loss from a plant for any given period may be
considered as a summation of the effects of the evaporating power of
the air and of the radiant energy absorbed throughout the period,
modified by certain secondary effects of these conditions and by cer-
tzin responses to other conditions.

Bakke and Livingston (2), using Livingston's cobalt chloride
method of measuring transpiration, studied the transpiration of Xanthium

canadense and Helianthus annuus. They, as well azs Blaydes (3) and

Shreve (21), found that the transpiration of each varied greatly during
the day. A large increase in transpirstion occurred first at sunrise,
in some cagses amounting to 24 per cent of the average for 24 hours. They
attributed this to the opening of the stomata with increasing light
and to the excess water in the leaves which had accumulated during the
night. These workers also pointed ocut the fact that the transpiration
of a leaf varies inversely with its age.

Martin (17), using different thicknesses of cheese cloth to vary
light intensity and, with the sun as his light source, obtained results

which differed from those of Livingston. He tested Helianthus annuus

for 4 to 5 hours on cloudless days by determining the loss in weight of
plants growing in sealed cans. Records were kept on temperature, humidity
and wind velocity for every hour and light was measured by a Smithsonian
pyranometer 3 to 4 times hourly. Martin concluded that the acceleration
of transpiration was due to the heating effects of the infra-red rays
rather than the light intensity alone. He salso states that the fraction
of transpiration rate due to the direct effect of radiation for vlants in

full sunshine was found to vary 30 to 8l per cent, depending largely on
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the evaporating power of the air.

Le Clerc du Seblon (13), who tested a large number of plants by
essentially the same method as Martin, reported as did Martin that the
accelerating effect of radiation on transpiration is due to the heating
of the leaves., He also states that this increase in leaf temperature
probably causes an increase in the permeability of the protoplasm which
would aid in increasing transoirstion.

Sir Francis Darwin (5) studied the effect of light on transpira-
tion at about the same time as did Martin and Le Clerc du Sablon. He
measured transplration by the potometer and welght methods on cut branches

of Prunus laurocerasus and Heders helix, comparing the north light of a

room with total darkness. The stomats were closed with cocoa fat and
slits were made through which transpiration took place. This method was
used to prevent changing of the evaporating surface by the opening and
closing of the stomata. From his studies he concluded as did Martin and
Le Clerc du Sablon, that the increase in transpiration caused by an
increase in light is due to the chloroplasts being wermed by the absorp-
tion of radiant energy or that light produces an inereased permeability
of the plasma membrane to water.

Henderson (8), using somewhat the same technique as that of Darwin,
studied the effect of light on water loss from the mesophyll. He used
100-watt gas-filled lamps suspended 3 ft. sbove the plants, which gave

intensities sufficient for stomatal chsnge. In using Hederas helix,

Fupatorium adenophorum and Aster sp. he smeared the leaves and stems

with vaseline to prevent stomatsl transpiration and made slits in the

leaves down to the mesophyll layer of cells., Leaf temperstures were
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recorded by the use of thermocouples. Henderson found that apart from
the temperature increase caused by light there was a slight increase in
transpiration from increased light. This increese was found to vary
greatly from plant to plant and even in individual leaves, Transpiration
was also found to depend on the amount of water in the mesophyll cells.

Henderson found that when the light intensity increased there was
very little effect up to a certain point and then the transpiration rate
increased rapidly until a certain light intensity was reached. At this
point the curve gradually straightened out until no transpirationsl
increase resulted from increased light. The curve was found to vary
greatly with different plants.

Henderson also studied the effects of intermittent light on trans-
piration. In giving plants intermittent lLight of 20 second intervals the
transpiration was found to be about half that obtained if continuous
light of the same intensity was given the plants. However, by increas-
ing the speed of = rotating disk between the light source and the plants,
which gave the plants shorter pericds of light and darkness, the trans-
piration rate rose directly with the speed of the disk. Thus it is seen
that 1light of the same intensity is more efficient in increasing trans-
piration with short rather than with long intermissions. From this
Henderson concludes that conditions favorable to increased water loss
induced by illumination are produced almost at once but a reversion to
conditions less favorable for water loss is produced more slowly.

Thomss and Hill (23) made = continuous measurement of the trans-
piration of alfalfa and wheat growing under field conditions. These
plants were grown in six-foot plots covered with cellophane and transpira-

tion was calculated by measuring the amount of moisture in the incoming
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air and the outgoing air and comparing the two. They found that trans-
piration reached a maximum at 2:00 PM., which they attributed to rising
temperatures and increased stomatal aperture. At night the transpiration
curve was a straight line, due to low temperature and closed stomata.
It was found that the transpiration curve followed the temperature curve,
whereas photosynthesis followed the light curve.

Lachenmeier (12) made a study of the effect of light on transpira-

tion after Veronics Sp., Hiercium and Myosotis palustris were kept in the

darkness for one night. To maintain constant conditions the experiments
were carried out in z cellar where temperzture and humidity were prac-
tically constant. For a light source a 1 3-watt Osram lamp and 1 normal
opaque lamp of 40 watts were used. To vary intensity the distance of
these bulbs from the plants was varied. The bulbs were kept in running
water to decrease infre-red rays. Only 1-2° ¢. difference was found in
the air temperature at low and high light intensities. The light inten-
sity was meassured by an Fder-Hect-Erayredge photometer. Transplrstion
was measured with a potometer and by welghing. Lachenmeier reports that
during the dey the transpiration of Veronica increased slowly from 3 to 5

hours to a maximum where it remained constant for 13 hours. Arcyvanthium

reached a maximum in one hour and then slowly decreased with fluctations.
Light intensity seemed to have very little effect either way.

Shull (22), using a large number of species, measured the light
reflected from both the upper and lower surfaces of leaves, since the
lower surface was found always to reflect more light than the upper sur-
face. He measured the light with a spectro-photometer at an angle of 90°
to the leaf surface. Shull found that the amount of reflection varied

with the wave length, the maximum reflection being usually at 540-560 Mu.
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The value of reflection in this region ran from 6 to 8 per cent in the
darkest green leaves and in the lighter leaves 20 to 25 per cent, but
neither hairness nor smoothness of cuticle necessarily mean high reflec-

tion. Leaves of Verbascum thapsus and Abutilon theophrasti show very

little more reflection than non-hairy plants.

The amount of reflection was found to decrease with the age of
the leaf which Shull associated with the development of chlorophyll.
Anthocyanin development was accompanied by a shift in the position of the
maximum reflection to longer wave lengths. In Psedera the maximum reflec-
tion occurred at 640 Mu., while the normal reflection for green leaves
is 540-560 Mu. In a large number of cases there is a depression of the
reflection curve at 680 Mu., which corresponds to the meximum ebsorption
band of chlorophyll.

Pokrowski (18), using practically the same technique as Shull,
found that in the blue region of the spectrum there was 4 to 5 percent
reflection, in the green 8 to 17 per cent, and in the red 4 to 5 per cent.

These percentages are averages from the leaves of Populus tremuloideg, Tilia

europeae, Fraxinus excelsior, Ulmus pubescens, and Acer platanoides.

Knight (10) used Helianthus tuberosus and Upatorium adenophorum

in studying the interrelations of stomatal apertures, leaf water content
and transpiration. He concluded that wunder ordinary conditions changes
of stomatal apertures and transpiration did not run parallel. The
stomata were chiefly influenced by conditions of illumination rather than
by small changes in the water content. Knight found that in a bright
light the stomata are wide open and therefore changes in the transpiring

power are brought about chiefly by changes in the leaf water content.
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On the other hand under low light intensity the lower transpiration
rate is a result of a failure of the stomata to open widely.

Gray and Peirce (7), working on certain grains, measured the
effects of light intensity on stomatal openings. They measured stomata
at changing light intensities and found that at equal illuminations all
stomatal openings were of equal size. They concluded that there is a
minimum and maximum light intensity below end above which light has no
effect, however, within this range the stomatal openings vary directly
with the light intensity. This held true for all the grains studied.
They believed that intense artificial light disturbs or interferes with
the natural sction of the guard cells.

Sayre (19), who studied the stomats of Rumex patientia, concluded

in contrast to Knight (10), that the opening and closing of the stomata
are the principal causes of the periodicity in leaf transpiration.

When open the stomata modify the rate of water loss from the intercellulsr
spaces of the leaf in proportion to chenges in the perimeter, not to
changes in area. Sayre states that sunlight is the prineipal environ-
mental factor concerned in the opening and clesing of the stomata while
the amount of water in the leaves and acidity of the guard cells are the
two internal condltions directly concerned with stomatal measurement.

Sayre (19) in further work on Rumex patientia studied the effects of

different wave-lengths of light on the stomete. He concluded that the
stomate of patience dock do not open in wave lengths longer than €40 Mu.,
which is the limit of the red end of the spectrum.

Eltinge (6), working on the effect of ultra violet light on

higher plants found that when leaves of Phaegolus, Cucumis, Lactucs,
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&nd Coleus were subjected to ultra-violet rays, transpiration was not
effected immediately. This was followed by a period of very little or no
loss in weight, which was in turn followed by a period in which transpira-
tion equaled that of leaves in total darkness. When the stomata were
examined those which had been subjected to ultra violet rays were com-
pletely closed, while those in total darkness were partially opened.

Arthur and Stewart (1), studying the effects of visible rays and
infra-red on transpiration, worked under constant conditions and used 1000
watt Mazda bulbs as a light source. They found that when the energy was
increased 2.3 times, the transpiration rate was doubled at 73-78° F. This
relation appeared to be independent of a humidity range of 50 to 80 per
cent., At high temperatures (98—100° F.), high humidity appeared to de-
crease transpiration slightly. At a temperature of 73-78° F. plants under
a total spectrum transpired 2.5 times more than those under infra-red
alone. At high temperatures (98-100° F.) however, the infra-red trenspira-
tion rate was only 1.3 less than that of the totzl spectrum. Under infra-
red the stomata were completely closed.

Conclusive proof of the effect of light intensity alone on trans-
piration is apparently lacking in the above literature. The general ten-
dency of these experiments has been to vary more than one environmental
factor and correlate the change in transpirstion with one of these factors
which makes the exact determination of the effect of each factor very
difficult. It is practically impossible tq separate the effect of combined
factors on transpiration from the effect of single factors.

The object of this study was to determine the effect of a single
factor, light intensity, on the transpiration of certain plants, while

keeping all other factors constant. If a reduction in the intensity of



(10)

light causes a reduction of transpirstion, shading agents could be com-
bined with certein spray materials. These shading agents would probzbly
act as an aid to spray materials which are mechanical barriers to the

loss of water vapor. By this means a greater reduction of transpiration

could be obtained by applying a spray to transplsnts or plsnts having

large water requirements.
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Preliminary Fxperiments

Preliminary experiments to determine the influence of light inten-
sity were begun in 1939. 1In some cases, entire plants were shaded by
glass frames which had been sprayed with 6 per cent metallic aluminum,
and 6 per cent carbon suspended in water. Light intensities, tempera-
ture and relative humidity were recorded slong with the rate at which
these plants transpired. In other experiments these aluminum and carbon
sprays were applied directly to the plants.

The spray coatings, s appllied above, provided shade but likewise
served to reflect or absorb infra-red waves and thus increase leaf
temperatures as measured by a thermometer. Leaves which were sprayed
with the carbon suspension were from 6-10° F. warmer than those sprayed
with aluminum, This spray method, therefore, was discarded as temperature
is one of the controlling factors in transpiration.

A second preliminary method which followed closely the technique
of Martin (17) was tried. In this method plants were shaded with differ-
ent thicknesses of cheege cloth to vary the light. Light intensity
reduction was determined by use of a photo~electric cell and transpira-
tion measurements were recorded daily. Leaf temperatures were obtained
by use of a thermocouple and air temperatures were recorded hourly. The

data from an experiment using this method are presented in Table IIT.

As may be seen from Tables I and II the leaf temperatures of the
shaded plants were consistently lower than those of the unshaded plants.
Table IITI shows that when the 1light intensity was lowered by shading with

cheese cloth a reduction of transpiration took plece. However, since the
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leaf temperatures of the shaded plants were consistently lower than those
of the unshaded plants this reduction of transpiration may have been due
to a reduction of the temperature. Another error found in this method
was that on bright days the shading effect of the cheese cloth was much
greater than on cloudy days. The values given on the reduction of light
intensity, Table III, are only averages of sunny and cloudy wesather.
Owing to these errors this method was also discarded as a means of meas-

uring the effect of light intensity on transpiration.
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Apparatus

From the preliminary experiments described above it was observed
that a chamber should be constructed in which tempersture, humidity and
light intensity could be controlled. For this purpose an apparatus was
constructed with simplicity, economy and accuracy in mind. This appara-
tus could be used in either a laboratory or greenhouse where external
changes in atmospheric conditions are not too great or too rapid.

A chamber (E in Figure I) was made from an air-tight box 4' x 3'2" x
214", A partisl partition (L in Figure TI) divided the boxrinto two
equal chambers 2' x 1'7" x 1'2", A 6-inch space was left at the top and
bottom of this partition asnd covered with cheese cloth to permit the
passage of air, allowing a minimum of 1light to pass from one side to the
other. The top of the chamber was made of two glass-bottom waterbaths
(F in Figure I) which were constructed so as to keep one inch of water
in them at all times. At one end of this chamber s hole of 9 inches dia-
meter was made in which was inserted a metal tube. Two 600-watt heater
coils (C in Figure I) were placed in this tube. Behind these coils in
the pipe was placed an 8-inch fan (B in Figure I) which circulated air
over the colls into the chamber. This current of air hit s light-tight
metal flange which caused the air to circulate evenly overhthe chamber
at a velocity of 6 miles per hour without a direct current of air on the
plants in the box. The 9-inch metal tube containing heater coils and fan
was attached to a humidifier (A in Figure I). This humidifier consisted
of a square metal box 12" x 14" x 4" with 2 one-hsalf inch drain pipe in
the bottom. A hole 9-inches in diameter was cut in each end of the box

end covered by a 1/4 inch mesh wire screen. The box was then filled with
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excelslor and covered with a top containing 20- 1/4 inch holes. Water
poured on this top, filtered evenly through the excelsior, and passed out
the bottom drain. Air, sucked in by the fan through the excelsior, absorb-
ing moisture in proportion te the amount of water running through the ex-
celgsior, was blown over the heating coils and circulated in the chamber
passing out a tube in the opposite end of the chamber (K in Figure I).
This:air at the exit tube had a velocity of 6 miles per hour. The heater
coils were attached to a relay (I in Figure I) which was attached to a
thermostat in the chamber (H in Figure I) having an accuracy of -2° C.
Fight 300-watt Mazda lamps were used for a light source. These bulbs
were put in aluminum photoflood reflectors, as this type was found to give
about 50 per cent more reflection than any other kind tried. These re~
flectors (A in Figure II) were arranged on movable stands (C in Figure II),
four to a stand. All light which entered the chamber passed through the
water baths which removed & large portion of the infra-red rays. These
lights were cooled by three 10-inch electric fans (B in Figure II) which
also aided in cooling the water baths. To very the light intensity the
stands holding the reflectors were moved either up or down into positions
designated 1, 2, &, 4, 5 or 6 of Table IV, thus varying the distance of the
lights from the plants. All light measurements were made with a G.M.
photo-electric cell and measured in foot candles. Esch figure In Table
IV is an average of five measurements taken at five different points on a
plane at the stated distesnce from the light source,

These intensities were checked at two week intervals, as the Mazda
lamps were found to deteriorate after a short time. To obtain low light

intensities a ground glass plate was put between the light source and the
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water bath. This reduced the light intensity but had very little effect
on the quality of light falling on the plants. With the above lighting
arrangement light intensity could be varied from 350 F.C. to 1700 F.C.

The method of messuring transpiration used in this chamber was actually
a measure of absorption. Kramer (11) found that the rate of intake of
water was determined by the amount of transpiration. Changes in trans-
piration, however, usually preceded changes in absorption by from 2 to 4
hours.

Two steel flats (G in Figure I), 2' x 1'6" x 6", were placed in the
chamber. These were later replaced by four flats having the same total
area and constructed similarly. The bottom of these flats had a 1" slope
to the middle at which point was fastened a copper drain tube. The inside
of the flats was coated with neutral asphalt to prevent action of the
nutrients on the metal and filled with.-washed gravel, 1/4" - 1/8" dia-
meter. Three-gallon bottles containing nutrient solution were connected
to the drain tubes of these flats, The bottles were commected in such a
manner that compressed air could be forced in all bottles from one source.
Potted plants were washed free from soil and planted in gravel. This
method was later changed as the transplants were very slow in starting
growth. The later method was to wrap the plant roots and soil in burlsp
and plant the entire mass. Nutrient solution was then forced into the
gravel flats by compressed air twice daily and allowed to drain back.

That smount of solution which was absorbed by the plants from the gravel
obviously failed to drain back and was a measure of transpiration. Glass
wool was used to cover the top of the gravel to prevent excessive evapora-

tion. The glass wool was found to reduce evaporation from the exposed
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Fig. 3* Constant Conditions Apparatus
used to test the effect of light
on transpiration
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Table IV. Light Intensities as Measured in Foot Candles
at Varying Distances from Light Source

Plot 1

Position of

Reflectors 1 2 3 4 5 6

Distance in

inches from

light source Intensity in foot candles as measured by photo-electric cell

30 850 *  B830% 495 515 ¢ 460 * 28R *
24 990 8565 660 585 585 309
20 1130 910 750 660 650 334
16 1160 990 860 750 710 377
12 1355 1125 1005 885 860 425
8 1595 1330 1215 1075 970 595
4 1720 1590 1500 1220 1190 680
Plot 2
30 900 625 575 545 480 R7R
24 1085 810 715 630 565 300
20 1155 860 800 696 660 334
16 1160 970 890 775 720 375
12 1315 1085 1005 895 810 415
8 1640 1240 1155 1085 950 545
4 1700 1495 1385 1265 1165 630

# Fach of these values is an average of five mezsurements
made at different points in the chamber.
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gravel surface from 75 to 80 per cent.

With the apparatus described above light could be closely controlled
and fairly constant temperature and humidity could be maintained, as may
be seen from Figure 4.

To determine if increased light intensity caused increased leaf
temperatures, measurements were made with thermocouples. One point of
the couple was attached to a leaf under high intensity and the other
point to a leaf under low intensity which gave only the difference in tem-
perature rather than the actual temperatures of each leaf. These points
were fastened to the epidermis of the leaves by "Scotch tape." This
caused no injury to the leaves as does the older method of sticking the
points under the epidermis. The deflections of the galvanometer were
recorded and converted to degrees C difference. Table V shows that,
regardless of light intensity, no consistent difference in temperature
was recorded.

In those cases where stomatal measurements were made, a Leitz Ultra-
Pak was used. The stomata were measured directly on the living leaves.
This method was preferable to the alecohol strip method as the stomatal
aperture may change when fixed in Chrom-Acetic or similar type of killing
solution.

The apparatus which has been described (pp. 15-25) was found to be
very useful in studying plant reactions under constant conditions. From
Tables IV and V and Figure 4 it may be seen that light intensity and
temperature were controlled within very narrow limits. The relative
humidity was controlled except during extreme weather changes. During

long periods of rainy weather the humidity would rise as much as 20 per



Table V.

Time

6:30
10:30
8: 30
2:00
10:00
10:20
10:45

EEEEEZSZ

6330
7:30
8230
9: 30
10: 30
11:30
8:00 AM
9:00 AM
10:00 a1
10:20 AM
11:00 AM

PM
PM
PM
PM
PM
PM

(24)

Plants - Peaches -

Flat T

Air
Temp., I
in degrees c.

30.°8
30.5
31.0
51.0
31l.4
3l.4
3l.4

1600 F. C.

Alr
Temp. IT
in degrees c.

30.7
30.6
31.2
31.2
31l.0
3l.5
31.5

Plants - Catalpa -

Flat I

31.0
31.0
30.0
30.0
31.0
31.0
30.5
30.7
30.7
31.0
31.0

1600 F.C.

3l.6
31.6
30.2
30.2
30.8
30.8
30.7
30.6
30.6
31.2
31.5

Lesaf Temperature Differences as Determined by a
Thermocouple

Constant Conditions Chamber

Flat II -~

Leaf temp.
difference

#1
#e

-

0
0
.25°
0
.500
0
0

in degrees c.

warmer

warmer

1000 F.C.

Remarks

No lights
Lights on
n

"
17"
"

No lights

Constant Conditions Chamber

#2
#1
#e

#2
#e

Flat IT -

warmer
warmer
warmer

warmer
warmer

350 F.C.

No lights
"

Lights on
1n

1t
"
n
11
b}
"

No lights
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7 Tempersture Humidity

fi-9

e Days

i ! ) 1

70 80 20 50 60 70 €0 20
Degrees Fahrenheit Per cent FRelative Humidity

Figure 4. Chart taken from Hy grothermograph showing temperature and
humidity in chamber for seven dsys.
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cent. This amount, however, was not enough to disrupt transpiration
studies.

The 1ight intensity atteined on each side of the chamber was
practically equal when the distance from the light source was equal. In
no case was the difference in intensity over 100 foot candles. Differences
which were this great were at high intensities where the accuracy of the
photo-electric instrument used in this study becomes a factor to be con-
sidered. At low intensities the difference in light between the two
sides was negligible., No chlorosis appeared even when plants were grown
under the Mazda lamps for 8 weeks. Spindly growth resulted, however, since
this light source was very strong in the red end of the spectrum and weak
in blue and violet. This weslmess could probably be overcome if mercury
vapor lamps, complete spectrum carbon arc lamps, or some other type
having a more complete spectrum than the ordinary Mazda lamp had been used.

The method of measuring transpiration used in this apparatus was
found to be rapid and accurste when large numbers of plants were used.
Better results were obtained when plants whose transpiration was over
300 c.c. per flat were tested., For those plents which lose very little

water, such as conifers, a large number of plants per flat should be used.
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Method

The genersl method of procedure used to determine the effect of
light on transpiration was as follows: The plants to be tested were
planted in the metal flats and allowed to grow in the greemhouse until
they had overcome the setback from trsnsplanting. The metal flats were
then moved into the constant conditions chamber and the leaves were
counted. The leaf count was used in determining the total ares of
transpiring surface. Transpiration measurements were then made with the
light intensity on each side of the chamber equal. These measurements
were continued for four or five days until the ratio between the transpira-
tion of the two sides was constant. Then the light intensity on one
side of the chamber was changed and the transpiration measurements were
made for three days. The light intensities were then changed every
three days and records were kept of the transpiration of each flat. Three
control periods were made in each experiment by having the light in-
tensity equal throughout the chamber and comparing the transpiration
of the flats. These periods were spaced so as to have one at the be-
ginning, one in the middle and one at the end of each experiment. One
flat could not be kept under a constant light intensity during the
entirety of the experiment and used as a check flat because large differ-
ences in the growth occurred unless the total light given each flat was
approximately equal. In all cases humidlity and temperature were kept
constant during esch experiment and the plants were given 15 hours of
light and 9 hours of darkness. Leaf counts were made 2zt three to four day
intervals and at the end of the experiment leaf areas were obtained from

these. In the case of the California Privet and Maiden Hair fern the areas
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of 300 representative leaves were measured and the total ares obtained
by the leaf counts. No effort was made to obtain leaf ares in the Arbor
Vitae. Tn all other cases the total area was measured after the experi-
ment was finished and the areas during the experiment were calculated
from the leaf counts.

Stomatal measurements were made only on those plants having large
and unobstructed stomata. Measurement of very small stomsta or of those
having obstructed perimeters was not sttempted, as the accurscy of the
Leitz Ultra-Psk method is questionable under these conditions and the
alcohol strip method was not feasible in this case. The stomata were
measured by putting an entire leaf under the Ultra-Pak and measuring the
stomatal aperture on both the upper and lower leaf surfaces. Twenty-
five meagsurements were made in each case. At no time was more than ten
minutes allowed to elapse between the time the leaves were tsken from the
chamber and the stomatazl measurements were made. This was done to pre-
vent a change in the stomatal opening after removing the plant from the
chamber.

The chief trouble found in using this method for measuring stomatal
apertures is that the perimeter of the stomata is difficult to distinguish
due to the structure of the guard cells and other surrounding tissue which

obstruct the view.
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Presentation of Data

In the following tables, wherever feasible, transpiration measure-
ments are given in cubic centimeters of water lost per square inch of
leaf surface. The water loss of the petioles and stems was considered too
small to change the transpirstion trends as indicated by the lezf blade
areas. All light measurements are given in foot candles and calculated
as percentage reduction of the lower light intensity from the higher light
intensity. Transpiration reduction was calculated as percent, by compar-
ing the ratios of the transpiration of each flat when under different
light intensities to that when they were at the same intensity. The
average of these ratios was obtained by use of the geometric mean.

Experiment I

Forty Michigan State Forcing tomato (Lycopersicon esculentum)

plants about six inches high were planted in two metal flats after the
soil had been washed from‘their roots. Daily transpiration records were
'kept for 12 days, by which time the leaf area had approximately doubled.
A temperature of 80° F., and a relative humidity of 65 per cent was main-
tained throughout the experiment and the light intensities tested were
725, 1080 and 1085 foot candles. Transpiration data are presented in
Table VI and shown graphically in Figure 5.

The transpiration of tomato plants, data of Table VI, was found teo
decrease with a reduction of light. The wide variance in the transpiration
reduction is probably due to the short length of this test and to differ-
ences in growth of the two lots.

Fxperiment II

In this test 50 bean (Phaseolus vulgeris) plants of the Ruby

Dwarf Horticultural varlety were employed. They were 12 days old and
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averaged about four leaves at the time the test was started. As in
Experiment I with tomatoes, o temperature of 80° F. and a reletive
humidity of 65 per cent was maintained and light intensities were varied
from 720 to 1355 foot candles. The experiment was continued for 18 days,
by which time the plants everaged zbout 8 leaves and had twice the original
area. Transpiration dasta are presented in Table VII and shown graphically
in Figure 6.

As may be seen in Table VII the data of this investigstion showed that
transpiration of the bean plent varied directly with the light intensity
striking the plant. As in Experiment I, the gradual rise of the transpira-
tion corresponded to the increase in leaf area due to the growth of the

plants.
Experiment IIT

In Experiment III 50 may apple (Podophyllus peltatum) plents

were tested. They were about two weeks old, contained one and £wo leaves
and had en average height of 14 inches. They were tested at a temperature
of 70° F. and a relative humidity of 70 per cent, given light ranging from
334 foot candles to 1165 foot candles in intensity and the experiment lasted
for 21 days. Stomatal measurements under different light intensities were
taken and the results are shown in Table XVI. At the end of the
experiment, leaf areas were measured snd the transpirstion per square inch
was obtained for the entire trial as the leaves of the mgy apple had grown
very little during the test. The transpiration measurements are recorded

in Table VIITI and are shown graphically in Figure 7.
Teble VII and Figure 7 show that with may apple, just as with tomato

and bean, transpiration when plotted against light intensity would give a

straight line curve. The stometal aperture as well as transpiration oaralleled

the 1light intensity.
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Experiment IV

In this test 30 Elberta peach (Prunus Persica) seedlings four

months old, 16 inches high and with an average leaf area of about 1200
square inches per lot were used. They were tested at a temperature of
80° F., a relative humidity of 70 per cent and at Jight intensities
ranging from 545 to 1720 foot csndles. Transpiration measurements were
teken daily for 27 days. Leaf area measurements were taken at the end
of this test and the area aveaged sbout 2200 square inches per lot.
Transpiration data are shown in Table IX and graphically in Figure 8.
Stomatzal measurements were made under different light intensities and the
data are shown in Table XVI.

This test showed that with peaches, as with the other plants tested,
transpiration reduction was directly proportional to the light reduction.
Tebles IX and XVI show that light intensity, transpiration, and stomatal
aperture run parsllel with each other.

Experiment V.

Twenty-four catalpa (Catalpa speciosa) seedlings two years old,

18 inches high and averaging 2100 square inches leaf area per lot were
tested. A temperature of 80° F. and a relative humidity of 85 per cent
were maintained snd the light intensity was varied from 545 to 1700 foot
candles. This experiment lasted for 15 days by which time the leaves had
increased in area to sn average of 2500 squere inches per lot. Table X
and Figure 9 show the transpiration date obtained during this study.
Transpiration in catalpa as in other plents tested, was directly

proportional to the light intensity.
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Experiment VI

In this test 48 Maiden Hair fern (Adientum capillus-veneris)
plants averaging 8 inches in height and with an average leaf area of 330
square inches per lot were employed. They were tested at a temperature
of 90° F. and = relative humidity of 85 per cent and the light intensity
was varied from 334 to 1155 foot candles. Daily transpiration records
were obtained for 21 days by which time the plants had attained an
average lesf area of 410 squere inches per lot. These transpiration
data are shown in Table XI and graphically in Figure 10. Stomatal aper-
tures were measured at different light intensities and the data are
presented in Table XVI.

These data show that the transpiration of Maiden Hair fern does
not run parallel with the light intensity over the entire range as
with the other plants tested. Table XI shows that the msximum trans-
piration wes at & light intensity of 600 to 800 foot candles with very
little change at higher intensities. The stomatal openings, as shown
on Table XVI, however, reached their maximum at 334 foot caﬁdles inten-
sity. These data indicate that the maximum transpiration in Maiden Halr
fern took place between 400 and BOO foot candles light intensity.
Experiment VII

In experiment VII, as in experiment V, 24 catalpa (Catalps
speciosa) seedlings, two yesrs old, 16 inches high and averaging 970
square inches of leaf area per lot were used. A temperature of 80° F.
and a relative humidity of 85 per cent were maintained and the light
intensity was varied from 377 to 1130 foot candles. This experiment
1asted for 24 deys by which time the leaves had attained an average ares

of 900 square inches per lot. This reduction of leaf area was due to



(43)

0T°1 G8% ovy 33'T 86% 51014 0g°t 6% oty
€8°* 0eg ov¥ 1T°T 1447 607 ST°T 0LY 0ty
Z6° 807 0%¥ oT°t 0S¥ 60V BT'T L87 01v
28° 358 6437 20°1 07474 20¥ L6° S62 20v
L9° 883 ogv S0 1 434 1014 g6° L8 10)7
LL* 2ee 0sv L8* 06g 307 86° 262 207
TL° 00g 127 L8° 08¢ 30% 8L* ST¢ 662
*9°0 UL *0°D UL POT “*Ur °*DbS *2°0 U  *0°0 url POT °Ur ‘DS *0°0 Ul *0°0 UT poT ‘*ufr *bs
*ur*bs a13d =-god ABP ¢ JO UT BaJI® sut *bs Jod -g3d Aep-¢ JO UT BAJR *up *bs aad -gad Lep ¢ JO UT ®BoJR
WIFBITdSULI} UCT}RITASUBIY JeoT |uorpeardsuedq uoleardsuBId Jesq | uotgeardsueay uotyBIpdeuBI} Jeo
Arep o98B8IaAy ATTBD adsIoAy AT18p 9F2x8Ay LTTEp 93BISAY AT1ep 938a0A7 ATTRD 930I0AY
ITI 3814 IT 3B314d I 38Td
I 301
IT 301

*s4sp Tz - 94893 JoO
uoTledn] 407 Jod ©ade J8OT SoUYOUI agenbs (g, Jurdessar jusuwiesay god sjusTd
2T ¢ 4ueo gad ¢g LArprumy 9AT}RIeY ¢ °d 006 sanyzaadws]  *IA JuswpaedXy

wief JTBH USPIBY
ay] ur o9®y UOF}ealdeusil U0 ATsusjuUI QUSTT JO douenTIUI *IY oTqBl



~~

e

S

28° "1 SSTT 0%TT 00°1 21 e8* 032 09¢

9°g- ¥°04 88° g1 1 21 0211 00°T g1°T oT'T LGS 092

T°g- 9°8¥ T6* 01°1 ¥22 059 S0°1 ST°T 911 617 092

0*9 L'8T 8° g3°1 008 089 18° 00°T 08* 883 02¢

LT L*e¥ 7 91 89Tt 089 gL® 66° eL" 8.3 252

06* T GSTI 01T 88° 86* g6” 212 052

g v T°se 06* 71 qsTT 0S4 qL* 28° 8L* 243 €ve

ueo zad /
v e i v 130 1o hees| 1xton 0 1 o | e e ok e

~oupea £q =Ompax U3TT Jo *ut *bs Jod 7 407 up T 407

*ur *bs Jad eyp +bs god

UT ‘Ul up potted ur wage

*bs 18d  fep-g go  ywaT

uotyBITd uorieaTdsuzdl jo 418 jo £18| woryzard
Rty e e e
uotqonhsy Jo oTI®Y  USTT  4udyl ATTEp ATTep | AyTep £11eD
adegoAy 938d9A] | o8eaoAY  93840AY
AT ¥=14
IT 307

penutauod - 1Y 91qB]



(45)

jued Jad gy A TpTUNY SATIBISY :  °4 oom aanjeradwe] °*IA JusWTIadXy
Wisd JITBH USPTe 9y} Ul 99ey uoTiestdsuss] uo £4TSusjul JUYSTT JO 9dUSnTIUI *0T *ITd

s L8]
T3 02 6T 8T LTOT ST HPTI QT ITTIIOL 6 8 L 9 ¢ ¥ 2 3 T

vy Ty Fr [ r Fr Fr 1oy v g3 fr T T1T1rv or—13

*Qrd 9Ty W atube
1
fareusqul sqTpue) 1044 *0°d s w\mmﬁ .

\
* \\'
T 947 —-- omm& N APa g

I91 — / i

cqet mm.ﬂ.|&“m re l///.\.o*mo 5 “P°4059 *J°4 021t -

0108 TT 014 089

‘0§ O2TT

00L*

008*

oce*

000°1

0oT°1

002*T

00z°1

youtr sasnbs aod uotyeatdsura]



0021
.7 08L
008. !
0.1 0ELE . 0.7 023
0CL. I
0.7 BEE
L ] Ow m [} - ﬂ—
J.18all 0.7 858 D.T083 15,7038 .0.% OLLL 000.1
: 0.9 2311 .
I dod Gee.
| Il dod .0.7% 008 .0, 02y
. : ; 008,
vitenadnl eslbned Joo? .0.1 0.4 3aLl
.1 2aLd
0cs.

ISOoSeigivioafaer MBI rIcL €6 8 v 3 3@ » 2 8 I
aysQd

mro7 1isH neblaM edt b ofefl moldstlqeast? mo yflamednl ddutd o eomewlial .CL .3it

oo 1oq 88 Wiblowd svitalsf ¢ 4 oom arutatoqmaT IV dmemlbrogxd

LLSUebyre fToN bel adnsLne jucy



~—~~

2

~

gg* 128 576 gg* L12 298 s 25¥ 218
0z* L83 5743 93° 083 296 9g° oT¢ 3.8
T2* 293 %8 1%° LLS 136 83° 239 G68
gz’ $62 §v8 gz’ 01¢ 126 A G8% 368
it L83 §78 0g* L3 L36 i7° 0LE g68
1z° 843 gv8 82° 3LG 986 ov* 662 G66
63° ¢og 1201 e° 018 986 83°* 943 Ge6
g3’ 823 920T g3* 6¥%2 9886 gg” 632 g66
TOTOUT T ToTO UT POT tup °bs *0°0 Ul *0°0 U} PO} ‘Ul °PS *3°0 UL +0°0 UL PO °uf *bs
‘.gw *bs gad -gad >wuu ¢ JO ur BaJ® ‘up *be xod -ged Aep-g JO U ®BOIB sutp *bs aad -god fBp-¢ JO U BAJIE
U0T4BITdSUBLY  UOT}RITASUBIY Jeoq | uotyeardsuea) uorysardsusas Jee] | uorpeardsued} uwoTyeajdsusil Féeq
L118D 93eioAy hﬂﬂww 33er24¥ L7118 938a8AY ATTep 98BI9AY ATTBpP 98BIaAY ATIBD 93BIoAY
IIT 314 IT 3814 I 4814
IT 101 1 191

. \ *s4ep ¥
- 189} qm uotqeang ¢ 40T J8d 884w JeoT $aUIUT agenbs (OTQT FurSessse qusmyzedy Jod
gqusTd 2T * AQUe0 Jsd gg MTpTUNY SATIRISY ¢ *4 o08 danjeqsdus] *IIA JUSWTIAXT

edTe}e) oY} UT 998y UOTHBITASUSBL] U0 M4sUsqul $YSTT Jo 8duenTul *IIX oTdel

-



™~
Py

g6° 80°1 03 014 6z° v’ A gve 384
302 9" LY 20°1 L8*° 034 LLS 3z* e° ¥2° 292 284
0°ve 0L L9° 8v°1 7ee 02TT gz° 67* Pz 0%g 666
302 0°3T g0°1 L6° 099 084 Lg* 9g° 8z° A €66
00°1 00°1 008 08L ve* 123 A L3g 666
0'8T 8°L 38° 43°1 STL 066 3z° 62° 3e” pAST4 Y06
3°92 8°L¥ L1 gL G801 S9§ 1A 0z 2g* LLY 06
01T 16° G99 S99 30 83" ov* 2965 706
JU50 4ad UL Jusd 1ed I/II II/1{SaTpusd SoTpuBd *0*D UT *2°0 *2°0 Ul °Uul *0°0 *ur°bs
. W3TT jo uoly ur uwor}  II pue I 307[3003 UF 300 | II 3071 Jo uf 1 307 ug *bs a3d ur potasd ur ®Base
-onpad hm -onpax Y3 Jo *ut *bs Jod| IT 307 ur I 307 |*utr *bg g8d *up *bs aad uotyeatd £ep ¢ JoO Jea
uot3aatd uoTyexTdsuary |Jo 431 Jo f31s uotyeITd uoT}sxtd -suBly} uoT3BIId
~suel} Jo LT18p o3=IoAB| ~USRUT  -USRUT -guaIl} -SRI} £TtBp ~SUBIY
uoT4onpsy Jo oTyBd{ 9YITT  IYSTI L118p £11RD ogeaeay ATTep
a3eXoAy 938JI0AY LR ETN
AI 3814
II 301

PanuUTuod - ITX 9Tq8f



(L4g)

1usd Jad gg AyTprUny 9ATLIETOY :  °4 008 sanjeaadws] °*ITIA FUSUIISAXT

*e
J

ODI

edTe}e) oy} UF o3y Uotjreatdsues] uo ATsusiul JUITT JQ 20ULNTIUI  TT ‘814

s £a(

Vo 3 33 T2 02 8T BT AT QT ST PT ST BT TIOT 6 8 4 9 § ¥ ¢ 2 1

T 7T T7 1177 T 77T T T J17 "+ 711 T 117 T |
-1 00z°*
Aytsuequl #@Hﬁswo pod  *D°d
II go7 ———
. I —"]
.U.r_w. N_Num [ ¥ r-M - L]
*0°d|599 594 002
A
/ . ./w w LLr\ \
/7 J*d /Dm P 4 0S4 ,/ /]
\ - \ /
H 02L WA 084 N/
014 066 vV 1 oo¥’
i 014 *014 8801
+ge Al 03+ 005*

yout sxsnbs agod uorzrwardsusa]



«2,7 0IY «0.% 2801
0. % 0€€
«J.7 087 o1 08Y
D1 088 0.7 CeY
«J:% O8Y .1 008 .2.1 &IV
.O-...m ..me .,.
N | .0.% 302
[ ] . 2 ] H QGFH
IY dod

viienstal aolbmed Foo¥ 0.1

ooz,

003,
0.7 283
.0.9 293 0oz,
008,

PR 3R SS IS OSEIBIVIBLELAMELRLILIOL € 8 Y 35 8 » & 8

aysd

8qis$sd oft ol odsfl moldstiqanstT mo ylemednI #dgtd Yo somerfinl LI .gl1

$n9o 1q 28 yiiblmud eviteled : .7 008 grudsyagmeT  JIIV dnemiveqxy

Jreuebrrepror ber sdmsie jucp



(49)

the large older leaves dropping off and being replaced by smaller
ones. Table XII end Figure 11 show the trsnspiration dsta obtsined during
this study. The date, shown in Table XII, correspond to those of Table
IX in that they show a direct relationship between the light intensity
and the transpiration of Catalpa. This held true over the entire light
intensity range of these two experiments.

Experiment VIIX

In this test, 24 California Privet {Ligustrum wvulgare) plants,

tﬁo years old, 16 inches high, and with an averasge leaf area of 160
square inches per plot were tested. Light intensities ranged from 415
tg 13556 foot candles and a temperature of 90° F. and = reletive humidity
of 85 per cent were maintained. The experiment lasted for 24 dasys, by
which time the plants had an average leaf area of 280 sguare inches per
lot. Transpirstion data are presented in Table XIII and grzphically in
Pigure 12.

These data show that with privet, as with 211 other plants tested,
except Maiden Hair fern, transpiration and light intensity are in direct
proportion to each other.

Fxperiment IX

Twenty-four Arbor Vitae (Thuja occidentalig)plents, two years
old snd averaging 12 inches in height were employed in this test. A
temperature of 80O F. and a relative humidity of 50 per cent were main-
tained and the light intensity was varied from 415 to 1355 foot candles.
This experiment was continued for 24 days, by which time the Arbor Vitae
had approximately doubled in area. The transpiration data taken are

presented in Teble XIV and graphically in Figure 13, Stomatal measure-

ments were made under different light intensities and the results are



(50)

8G6°T L9% 123 3T°T LES 00¢ L6* 263 30¢g
0L°1 26g 123 88°T gLy 00¢g Ly°T 14747 30¢g
G2°2 Vs 123 9v°T LSV Cog g9°T 1514 20%
18° g1t 023 00°2 L6V 8va 80°¢2 oS 092
ov'T L0g 023 P21 0g¢g 8v3 L8° L33 093
98° e9T 68T 88T ¢L3 A LT 0z¢ L8T1
69°1 03¢ 68T g2 T 0g3 2Lt 6T T 333 L81
Ly 1 L3 681 16° 1 0%e 24T G0°3 %8¢ 181
*0'0 UL *0°0 UL pot ‘utr'os *5°9 ut *0°0 UL POTL °*ul °Phs “0°0 Ut *3°0 Ur por ‘*ur‘os
*ut *bs xod ~-a8d 4ep ¢ Jo ur ®Bagm *ut *bs god =124 fep-¢ Jo UF ®age| °ur °bs Jod -xad £3p-¢ JO UL ®BOJIB
UoTiBITCSURIT UoT}eITdSURILY J8o] |uoT3BITASURI} UOI}RJITESUBIG JeoT] [uc1yBaTdsueIy UGT}BITASUBIG Jeoq
LTTRp 938IaAY ATTBP 83vIsay AT18p o3vIaay ATTBp o3elaAy A11ep ©3eaoay ATTBD 93edaAy
ITI 3874 II 3°14 I 3814
II 3017 I 301

*shep $3 - 3§93 JO uoTIBIN(

: *407 x50 BOJIB JBOT SOUOUT asenbs (gq Jurdeasar qusu}seay Jad siueTd T

: quad aad ¢ MTprumy SATIRTSY ¢ *d 08 sanjexsdwdf  *IIIA }Uewisedxy

19ATdd BTUIOJTTB) 9y} UT
218y uoT}BITdSUBL], U0 MISULUI JY3TT JO 20ouSNTJUl °*IIIX 9198l



(51)

12°1 9L* 018 098 8z°1 S0°T LT°T L1% 042
8°8 6°6T 70°T 96° G801 §Get 09°1 8°1 6%°1 11014 043
g3°T 18° STeT gget 16°1 G5°1 9%°1 ¢62 042
9°v. 2°69 ez° o%°e| S1¥ §SeT 09°* ¥0°2 69° LeT 003
7'y 76l 60° T 26" 018 SO00T 03°1 oT°T 00°T 002 003
0°¢¥y 223 Go* 2S°T| 068 0911 80°'T §9°1 0z°1 48T 77l
0°8T 8°8% 92°T gL® 0911 0T4 TL°T TN 3L°T 8¥2 44
16° 0T°'T| 0911 CoTT 08°1 ge°T gT°3 L0g a4
wcmo 18d uT T050 154 1711 Ti/1I Eo1pUed sa1puso | -0°0 Ul 35 O 0 Ul ‘Ul *5°0  °ur °os
AUBTT 3O qowm UT WOT}  II Pue I 30T R0OF U 3007 | IT 30T JO Ut I 307 UT *bs Jod utr potaad uy BagE
onpaJ m ~onpea Y37 Jo *uf *De gad | IT 30T ur I 407 {*ui*bs aod cup'bs sed | wuworyeard Aep-g Jo o JBOT
UoT3BITC uopyratdsusay [yo £ jo M1s | uvopjeapd  uorgeatd -suea} uoI3eld
-guBI} JO AT1Tep 88eJ49A® | -USYUT  -UQRUT -SURI} -suBI} AT¥8DP ~-sueI}
uoT4oupay Jo oryey | 343FT  uBIT ATeD AT SEEREIN A1TeP
adeasay 83egaay adeaeny
AT 3B1d
II 307

ponuT3ued - ITIX 9Tqel



(52)

quad Jod gg MIPTUnY SATIBIAY * °d oom sanyegaduws] °*IIIA quamTIadXd

10ATIJ BIUIOJTT®) oU3 UT o3ey UOTIeLTdsuBL] UO A3 TSUSIUL 3ySTT Jo souenTIUl  *3T ‘314
s A8(1
$2 22 22 T2 02 6T 8T LT 9T ST $¥T 2T 31 T1 0T 6 8 L 9 ¢ ¥ €2 1 -
T Tt T 17T 1 7 T 1711 1 T T 1 T— 1 1171) Y
DA STy
frsusjuy spTpue) 2004  *0°d \>/
ITaT 77| \
17 — / \
*0°4 098 / \ 00°T
\ *0{d doot |-
A7
/.o.m )7
‘24 P18 /
\
"0 alote N /
NIRE / / 7 051
/Am §SeT \
*0°d 980T N
/ *014 09TT __|
N *51d 09TT ~———-
/\ *dtd QoTT
*0°d (9681

*0*d |09TT 1 00°2

*07d GGET

Youtr agenbs a2d UOTIBITOSUBIL



.J.7 a8l

.J.7 08Lf 00.8%
W2, 33831
0.1 031L
.0.% Call
0.7 03Lf
«J.7 &80k
W0.% 3831
3. L
+ 3.7 8383L
0.1 GIB
;Uo._._w th
0.7 0LV
«2.9 3001
«0.7 038 Co.L
I Jod
I dod
wienednl ealbosd Joot  L,0.7
0.7 8[d
0c.

PRI IS LA S gL BIVIBLTI M BIRTIINL € 855 » & » 88 I
ayad
$ovitd sin1olilsd edf ol ofed moldstiqenstT mo vlemsdal Fdghd Yo eomewltal .SI .gid

o S
3n9o roq 68 viiblewd evifsisfl : .1 C8 stuferagmeT .IIIV dnemitogx¥

bern gdasne [ucp

JLengnILy pTOIF



(53)
shown on Table XVI.

This test shows that with Arbor Vitase transpirstion varies directly
with the light intensity over a range of 415 to 1355 foot candles. As
may be seen from Tables XIV and XVI, in Arbor Vitae, transpirstion, light
intensity and stomatel opening were directly proportional to esch other.

Experiment X

In this test, as in Experiment VI, 48 Maiden Hair fern

(Adisntum Capillus-Veneris) plants, averaging 8 inches in height and
with an aversge leaf area of 250 square inches per lot, were used. They
were tested at a temperature of 90° F. and a relative humidity of 85 per
cent and the light intensity rsnged from 300 to 1130 foot candles.

Thi

0

experiment lasted for 27 days by which time the plents hed attained
an average leaf area of 350 square inches per lot. The transpiration data
of this study are shown in Table XV and graphically in Figure 14. Sto-
matal apertures were measured under different light intensities:and are
shown on Table XVI.

The dats in Table XV correspond to those in Table XI in that they
show that transpiration does not run parallel to the light intensity
within the range of 300 to 1130 foot candles. As in Experiment VI the
meximum transpiration was reached between 600 and 800 foot candles at
which point the curve tended to become level. The stomatal openings were
also at their meximum st 334 foot candles, becoming smaller at higher in-
tensities. This test shows, as does FExperiment VI, that the maximum trans-

pirstion for Maiden Halr fern took place between e renge of 400 and 800

foot candles 1light intensity.
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Table XVI. Stomatal Measurements Under Different Light Intensities

Width of Width of

Light intensity stomatal aper- Light intensity stomatal aper—
in foot candles  ture in microns in foot candles  ture in microns
May Apple Arbor Vitae
1155 13.86 1355 12.7
650 1.8 1125 10.7
334 7.9 1005 6.7
860 ‘5.5
810 5.8
415 3.6
1720 10.5
1700 11.5
Maiden Hair Fern
1596 2.8
1500 7.2 1085 7«2
1285 Te9 715 6.0
1180 8.6 565 8.9
1165 6.5 405 7.9
710 8.0 300 9.6
595 4.1 0 1.2
545 4.8



Fig. 15. May Apple in Chamber

Leaves of left side wilted due to excessive transpira-
tion of .306 cubic centimeters per square inch under
light intensity of 1155 foot candles for 15 hours.

Right side transpired .144 cubic centimeters under 334
foot candles of light.



(61)

Pig* 16. LIicroph.otogra.ph of Peach Stomata showing

open stomata o011 left under 1700 foot

candles while closed stomata on right are
under b0 foot candles¥*



pic, ly. LIicroph.otogra.pli of Mr idan Hair fern.
at left under 1c85 foot candles.
right eunder J00 foot candles.

difference in anerturece

Stomata
Stomata at
Very little
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Discussion

Some investigators ( 5,13,18) have concluded that the increase in
transpiration caused by light is due to the infra-red rays which increase
the temperature of the leaves. Others (8) have found that light, apart
from raising the temperature of the leaves, causes a higher rate of trans-
piration. Some (12) have found that light intensity had no effect on
transpiration. The writer found, however, that when the infras-red rays
were eliminated from the spectrum by use of water screens or filters,
as was done in the apparatus previously described, increased light inten-
sity still caused a transpirational increase. The effectiveness of this
bath may be seen in Tables I, II and V which show, thst, regardless of
light intensities, the leaf temperatures never varied more than 1° F.
¥hen the plants were subjected to high intensities the increased trans-
piration may have been 2 factor in keeping the leaf temperatures constant.
However, in no place in the literature was there found a case where trans-
piration cooled leaves more than 5° F. When no water screens were used
and infra-red rays were allowed to strike the leaves, as was done in
certain tests the data for which sre given in Table I and II, the tempera-
ture difference was as much as 8° F. So with use of water baths the
leaves should have been at least 50 F. higher., This, however, did not
occur Iin any test in which leaf temperatures were measured while the water
screens were used.

From Tables VI - XV it may be seen that a reduction of transpiration
in the tomato, bean, peach, catalpa, may apple, privet and Arbor Vitae
was ceused by decreasing the light intensity. This held true over the
entire light range of 300 to 1700 foot cendles. When the Maiden Hair fern

was tested, however, the highest transpiration was found at an intensity
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of from 500 to 800 foot candles. Tables X end XV show that the results
were very irregular, possibly due to the inaccuracy of measuring the
leaf area of smell fern leaves. From 800 foot candles to 1200 foot cen-
dles, the transplration curve tended to decrease. Since all plants have
an optimum range of light for growth and other functions, these data

suggest that the optimum range for transpiration in the Maiden Hair fern

was from 500 to 800 foot candles. It is probable that if the light
w3
Ve

intensity were increased to 5000 foot candles or even more (which is the

intensity of the sunlight in Michigan in July) the transpiration curve

of the other plants tested would tend to decrease or straighten out at
the higher intensities as did the Maiden Hair fern above 900 foot candles.
The reason for higher transpiration with increased light intensity
was found to be due to or at least associated with increased stomatal
sperture. The stomstal aperture, as measured by the Leitz-Ultra-Pak,
Table XVI, was found to vary directly with the light intensity in all
plants tested except the Maiden Hair fern. This follows the results re-
ported by Gray and Peirce (7). Sayre (19,20) found that the periodicity
of transpiration was caused by the opening and closing of the stomata
with light and darkness respectively. This work substantiates the
results obtained by Sayre, slthough Knight (10) concluded that stomatal
openings and transpiration do not run perallel. The stomata under the
light intensities used in this test were completely open only at the high-
est intensities. Since Brown and Escombe (4) proved that diffusion thru
stomata is proportional to the linear dimension of the aperture and not
the area, these data imply that transpiration is something more than a

phy sical process such as evaporation or diffusion. In the case of
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Maiden Hair fern, the stomatal opening did not run parallel to trans-
piration as did the other plants tested. The largest stomatal apertures
in the Maiden Hair fern, however, were found at 400 foot candles inten-
sity while the highest transpiration occurred at between 800 and 800.
These differences are possibly due either to inaccuracy in stomatal
measurements or to inaccuracy in obtaining leaf areas.

From the data here reported, transpiration is reduced by a reduc-
tion of the light intensity. In any general effort to reduce the trans-
piration of plants under cultivation, due consideration should be given
to the possibllities that lie in shading them. Light reduction would
be especially beneficial to transplants, before the roots have become
established, and during dry seasons to those plants which have lsarge

water requirements.
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Summary

A plan of study was formulated in an effort to determine the effect
of a single factor, light intensity on the transpiration of certain
plants.

Preliminary ﬁranspiration experiments using carbon and aluminum
sprays and cheese cloth shading to vary the light intensity are
described.

An apparatus to measure transpiration under controlled humidity,
temperature and light intengity is described with the aid of two
diagrams. Tables are given to show the accuracy of this apparatus.
Experiments using tomatoes, beans, May apple, peaches, catalpa,
California privet, Arbor Vitae and Maiden Hair fern are described,
with tables and graphs to show the effect of differences in in-
tengity of light on transpiration.

Stomatal measurements on leaves under different light intensities
were made. The transpiration in all plants studied was found to
vary directly with the stomatal aperture. 1In all cases except the
Maiden Hair fern the stomatal aperture was found to vary directly
with the light intensity.

The trasnspiration of all the plants studied except Maiden Hair

fern varied directly with the light intensity of Mazda lamps over
the range of 300 to 1700 foot candles. The Maiden Hair fern showed
maXimum transpiratjon from 600 to 800 foot candles and reduced

transpiration occurred at higher light intensities.
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