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Visible radiant energy retards stem growth of
most higher plants. Growth inhibition is due prin-
cipally to a decrease in cell elongation with little
effect on cell numbers. This conclusion is supported
by cell counts (22) and by the finding that growth
inhibition occurs in the morphological region of elon-
gation (11; Lockhart, unpubl.). An investigation
has been made of the influence of radiation on various
physical properties of elongating stem cells, to learn
what phase of the cellular growth process is affected
by irradiation.

Elongation of stem cells takes place through the
uptake of water and concurrent stretching of the cell
wall. It has been established that the factor which
causes cell elongation and controls rate is an increased
plasticity of the cell wall. Yielding of the cell wall
under stress of turgor pressure results in an increased
diffusion pressure deficit (DPD) and resultant up-
take of water (1, 15, 21). The reduction in growth
rate of a plant stem as a result of irradiation could
be due to effects on any of three factors which in-
fluence DPD.

Radiation could act by 1) reducing osmotic con-
centration within the growing cells, 2) by reducing
the plasticity of the cell walls, or 3) by reducing the
rate of water movement through the tissue.

Du Buy (2) investigated the effect of blue radia-
tion on the plasticity of .4vena coleoptile sections.
Dark-grown, auxin-treated coleoptile sections showed
an increase in plasticity (after 180 min) while ir-
radiated sections showed no corresponding increase.
Gessner (5) found that visible radiation, as well as
other treatments which inhibit growth. reduced the
plasticity of Helianthus hypocotyls.

Priestley (17) examined the effect of brief daily
irradiations on plasmolysis of epidermal cells of the
pea epicotyl. He reported a difference in the ap-
parent plasmolvsis of dark-grown and light-treated
tissues which he interpreted as a difference in the
degree to which the protoplast adheres to the cell
wall. Tt is noteworthy that he did not find this effect
when the plants were irradiated for 3 hours immedi-
ately prior to analysis. De Haan and Gorter (6)
reported no difference in osmotic values of green-
house-grown tall and dwarf peas. Galston and Hand
(4) found the uptake of indole-3-acetic acid by stem
sections was decreased by prior irradiation of the
plants.
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In the present paper, effects of visible radiation
on all three factors controlling cell enlargement have
been investigated.

MATERIALS AND METHODS

Except when otherwise specified, the experiments
reported here were performed with stem sections cut
from 7- or 8-day-old etiolated Alaska pea seedlings
(Pisum sativwm). The seedlings were grown in
complete darkness at 25 == 0.5° C with only brief ex-
posures to low intensity green radiation. The details
of culture have been described previously (12). For
experiments with stem sections, 1.5 or 2 cm sections
were cut 1 to 2 mm from the tip of plants having the
third internode at least 35 mm long. Any plant with
a node visible at the apex was rejected. Sections
were cut with a double-bladed cutter and immediately
placed in distilled water or other approprlate solution.

The radiation source for all experiments described
here was a single pink 48 inch fluorescent tube wrap-
ped in two layers of 0.005 inch red cellulose acetate.
Seedlings were placed approximately 30 cm from the
tube giving an intensity at the growing region of
about 150 ergs - cm~2-sec™!. For reasons discussed
below, the standard irradiation period was 3 hours.
Tmmediately after irradiation the sections were cut
for use. All experiments were carried out under
weak green radiation.

For determining the time-course of growth, vigor-
ous, uniform plants were selected and trancferred
intact to 2 dram polvethvlene vials containing enough
distilled water to immerse about a third of the root
system. The plants were supported bv cotton wrap-
ped around the base of the stem and inserted into
the vials. Plant growth was completely normal in
these tubes over the duration of the experiments.

The time course of growth was determined with
an instrument developed to make shadowgraphs of the
upper portion of the stems at 20 minute intervals.
The shadowgraphs were made on 100 ft (30.7 m)
rolls of Kodak 35 mm microfile (M 417) film. The
film was advanced automatically hetween exposures.
The light source for exposing the film was a 100 watt
projection bulb in a 35 mm slide projector from which
the projection lens had been removed. Light was
filtered through a 12 mm Corning “Sextant green”
glass filter. Plants were exposed to 3 seconds radia-
tion (ca. 5 ergs-cm~2-sec™?) each 20 minutes. Ex-
posure to this green radiation had no detectable effect
on growth. Red radiation was from the same red
source described above wired through the shadow-
graph instrument so that it would be turned off when

the. film shutter was. open (15 sec every 20 min).
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After the film was developed the height of the stems
was measured by projecting the shadowgraphs
through a microfile reader. Heights were read
against mm-square graph paper, and the data con-
verted to natural scale.

For determinations of plasticity the apical 5 mm
of each 15 or 20 mm section was inserted in a hole
drilled in an aluminum or stainless steel rod, which
served as a weight. The basipetal end was inserted
5 mm into a holder at an angle 45° from the vertical.
Thus, a section of growing tissue either 5 or 10 mm
long as close as 7 mm to the stem apex was subjected
to the lateral force. Since the stem sections are
seldom perfectly straight, the natural curvature of
the sections was measured before the load was ap-
plied, and the curvatures were measured every 2
minutes for 15 minutes. (The first reading was
made 1 min after the weight was applied.) The
weights were then removed and the final, plastic
curvature was measured 1 to 2 minutes later. Gen-
erally, the plasticity of seven sections was measured
simultaneously on a sawtooth-shaped Plexiglas holder.
Plasticity determinations were made in an atmosphere
with a relative humidity in excess of 90 %.

The method used for the determination of osmotic
pressure has been described previously (14). Es-
sentially, it consists of incubating stem sections in
various concentrations of mannitol, then determining
the deformability of the sections by bending. When
a relatively light load is imposed (e.g., 150 mg), sec-
tions hend only when plasmolysed. Furthermore.
the magnitude of bending is found to be a linear func-
tion of the degree of plasmolysis. This makes it
possible to interpalate the experimental points to the
osmotic pressure at incipient plasmolysis.

The osmotic pressure of the expressed sap of
dark-grown and irradiated tissues also was measured.
Usually 20 mm stem sections were harvested and im-
mediately frozen on solid CO,. The tissue was then
placed in 2 ml hypodermic syringes and the sap ex-
pressed into stoppered tubes. The sap was frozen
and thawed immediately prior to osmotic pressure
determination. Osmotic pressures were determined
by the general method of Hill (10) as modified by
Roepke (18). Tn essence this consists of measuring
the temperature increase due to heat of condensation
when a drop of the cell sap is placed in a water-
saturated atmosphere. Two thermisters are sus-
pended in a flask. a drop of cell sap is suspended on
one, and a drop of water on the other. The thermis-
ters are two arms of a wheatstone bridge. One of
the other resistors is varied to measure the resistance
(and the temperature) of the thermister surrounded
by the drop of cell sap. The instrument is calibrated
with sucrose solutions of known concentration.

The statistical limits in the various experiments
are given as standard deviations of the means.

REsuULTS

TiMe-CoURSE OF STEM GROWTH INH_:;irfrmN BY
RapraTioN: It is of both theoretical and practical
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interest to establish the time-course of the response
of etiolated seedlings following the onset of irradia-
tion. The time-course of radiation inhibition is il-
lustrated in figure 1. In this experiment the growth
of eight Alaska pea seedlings (7 days old) was meas-
ured. Irradiation was begun at the time marked
“Radiation”. The growth rate slightly decreased al-
most immediately, but the main growth inhibition oc-
curred approximately 100 to 120 minutes after the
onset of irradiation.

The results of this experiment indicate that the
changes responsible for stem growth inhibition must
occur within 120 minutes after the beginning of ir-
radiation. Thus, in the experiments described in this
paper, irradiation treatments have been standardized
at 3 hours. Stems are harvested immediately after
irradiation and the appropriate experiments per-
formed. The use of this irradiation time should
measure early changes causing growth inhibition and
should minimize secondary effects which may be the
result of either of growth inhibition or radiation.

EFFECT OF IRRADIATION ON OsMOTIC PRESSURE:
One possible mechanism of growth inhibition is
through a reduction in the osmotic pressure of the
tissue. To test this possibility a method for deter-
mination of osmotic pressure has been developed
(14), and used to compare dark-grown and irradiated
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Fic. 1. Time-course of growth inhibition of Alaska
pea seedlings. Red radiation (ca. 100 ergs - cm™2 - sec™1)
began at 2 hrs as indicated.
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TaBLE 1

OsMo0TIC CONCENTRATION OF STEM CELLS OF
DARK-GROWN AND IRRADIATED PLANTS

By incipient plasmolysis

Dark 035 M

Irradiated 0.36
By expressed sap

Dark 039 M

Irradiated 0.39

tissues (see Materials and Methods). The osmotic
pressure of dark-grown and irradiated stems is equal,
as determined by this method, within the limits of
experimental error (table I).

Osmotic pressure of the expressed sap of irradi-
ated and non-irradiated stem tissue was also found
to he the same (table I).

TIME-COURSE OF EQUILIBRATION IN DARK-GROWN
AND IRRADIATED TissUE: In spite of the fact that
the osmotic concentration of dark-grown and irradi-
ated plants was found to be the same, a difference in
bending as a result of irradiation was observed in the
plasmolysis method. Stems of irradiated plants were
less bendable than those of dark-grown plants after
plasmolysis in equal mannitol concentrations for stand-
ard time periods. Such a difference could, presum-
ably, be due either to greater mechanical strength (of
the cell walls) of irradiated stems or to a decrease in
permeability of irradiated tissues. A decrease in
permeability (which would be of interest) would cause
a delay in establishing equilibrium in irradiated tissues
and would affect the validity of results with this
technique. Equilibration time has been directly de-
termined (fig 2). Twelve sections were used for
each point; the conditions of this experiment were
the same as those for osmotic concentration deter-
minations. It is clear that the difference observed in
the magnitude of bending of dark-grown and irradi-
ated plants is not due to a difference in permeability
of the two tissues, since the half-times for attainment
of equilibrium in mannitol solution are substantially
the same.

PERMEABILITY OF PROTOPLASTS TO WATER:
Growth inhibition might also be conceived as a radia-
tion-induced reduction in the permeability of the cell
to water. Two separate permeability factors must
be distinguished. First, the true permeability of the
cell membrane (either the plasmalemma or tonoplast)
and, second, the rate of water movement across the
tissue, presumably through the cell walls (discussed
above). When water must be moved into and out of
the whole tissue. membrane permeability probably is
seldom limiting.

Nevertheless, the effect of irradiation on water

permeability of protoplasts was measured. A pea -

stem section, when split longitudinally and placed in
a hypotonic solution, will curve outward to an equi-
librium position. Plasmolyzed stem sections show
no curvature while maintained in a plasmolyzing so-
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lution, but when transferred to distilled water they
rapidly attain a marked outward curvature (fig 3).
The absence of an epidermis in the region absorbing
water and the short (maximum path ca. 0.3 mm)
water path makes it highly unlikely that diffusion
through the tissue would be limiting. In fact, the
water probably must enter only the cells nearest the
cut surface to cause curvature. This conclusion is
confirmed by the observed rate of curvature (deplas-
molysis). The half-time for curvature using this
technique was found to be 20 to 25 seconds. The
value was very reproducible. This figure compares
favorably with known rates of water permeability of
other types of cells (15). While this method cannot
be claimed to be quantitative, comparisons between
similar tissues measure relative water permeability.

Twenty millimeter sections from irradiated and
non-irradiated plants were plasmolysed in 1.0 M man-
nitol for 2.5 hours. They were then split longitudinal-
ly for a distance of 10 mm from the apical end and
returned to the mannitol solution for 15 minutes.
They were moved individually to redistilled water
and the angle between the two arms was measured
periodically for 5 minutes. Trradiated and non-
irradiated sections were measured alternately. The
results of one such experiment are illustrated in figure
3. The average half-time for equilibration was about
22 seconds in each case using four sections per treat-
ment. Thus, no difference in permeabhility of cells
of the two tissues can be detected.

Trradiated tissue always showed a greater final
angle of opening than dark-grown tissue on transfer
to distilled water. When sections were transferred
to M/20 phosphate buffer (pH 6.2), however instead
of distilled water the equilibrium angles were equal,
although the half-times to equilibrium were the same
as in distilled water. The reason for the different
responses in water and buffer is not understood.

VaPor PrRESSURE OF WATER IN STEM TISSUES:
Availability of water to the cells might also influence
cell enlargement. Tt may be calculated that the ir-
radiance necessary to give maximum stem inhibition
(1.0 erg cm™2 sec ~1) could, at most, raise the tem-
perature of the plant by about 1 X 10—%° C.

There is. then, no direct effect of radiation on
water tension. Thus, any effect of radiation on water
availability would have to be on water movement up
the stem. or transversely from the xylem to the en-
larging cells. (Plants without roots are also in-
hibited by light: therefore the roots could not be
responsible for reduced water movement.) A reduc-
tion of water supply would restrict the amount of
water moving into the elongating cells regardless of
the plasticity of these cells. The rate at which water
is lost from the tissue is a measure of the vapor pres-
sure or DPD of the water in the stem. TIf water de-

ficiency 1is. in fact, the cause of growth inhibition,
" the vapor pressure of water in the stem must be lower

in irradiated plants. If the growth inhibition is due
only to a decrease in cell wall plasticity, however.
there should be no significant change in the potential
rate of water loss.
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F1c. 2 (upper left). Rate of plasmolysis (in 0.5 M mannitol) of 20 mm apical stem sections from dark-grown
and irradiated plants. Average of 12 sections per point.

F16. 3 (upper right). Water permeability of Alaska pea stem cells measured as the rate of opening of plas-
molysed, 'split stem sections. Average of four sections per treatment.

F1c. 4 (lower left). Change in stem plasticity with time of irradiation. Seedlings were irradiated for the times
indicated, then sections were cut and plasticity immediately determined. Average of six sections per point.

‘F16. 5° (lower right). Time-course of bending as a measure of plasticity of stem sections. The first point in each
treatment is the natural curvature of the stem before the weight was added and the final point is the residual bend-
ing after -the weight was removed. = Average of six sections.per point. The effect of gibberellin. treatment on dark-
grown and irradiated -plants is shown,
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The rate of water loss from dark-grown and ir-
radiated stem tissue was determined by measuring
the loss of weight of cut stems with time, and also hy
measuring the change of relative humidity of dry
air passed over the stems.

Stems were cut from seedlings and the bases im-
mediately sealed with wax (50 % beeswax—50 %
paraffin oil) melting at ca. 40° C. Stems were placed
in a chamber and dry air (from a compressed air cyl-
inder) swept over the tissue, then past a set of humidi-
ty sensing elements (American Instrument Company,
Silver Spring, Md.). After appropriate amplification
resistance of the sensing elements was recorded on a
Brown recorder as a change in current. The area
under the time curve is a direct measure of the amount
of water lost by the stems. Several experiments
failed to show any changes in rate of water loss as a
result of previous irradiation (table II).

TasLe 11
WaATER Loss FRoM ALASkA Pea StTEMs

Dark
IRRADIATED CONTROLS
By water measurement 9.8 9.6
(in mg H,O/plant)*
By weight loss 104 11.1
(in mg H,O/plant/hr) 8.9 8.8
12.6 10.6

The entire stems of 7-day-old Alaska seedlings were
cut, the bases sealed with wax, and the measurements
started immediately. Irradiation consisted of 3 hrs ex-
posure to red radiation (ca 75 ergs-cm—2-sec™!) im-
mediately prior to harvest and measurement.

* Total water lost during first 30 min (the period of
rapid water loss) in completely dry air. Calculated from
the area under plot of current. Flow rate over ten plants,
1.5 I. per min.

Alternatively. groups of stems were cut, the bases
sealed, weighed and allowed to stand in a dark room
(60 % R.H.). Stems were reweighed each hour for
3 hours. They were then oven dried and the dry
weight determined. Typical results are presented in
table II. In no case was the rate of water loss af-
fected by prior irradiation.

If growth inhibition actually was caused by water
deficiency in the elongating region it might be ex-
pected that inhibition would be prevented, or at least
reduced, in a completely water-saturated atmosphere.
A large sheet of blotting paper with its base immersed
in water was placed around the plants in a glass
chamber. The plants were irradiated (ca. 75 ergs
cm™2 sec™?!) continuously. Radiation inhibition was
compared with that of plants irradiated in a normal
(85 9% R.H.) atmosphere. In no case was decreased
inhibition of growth observed in a water-enriched at-
mosphere. This result. then, verifies the previous
conclusion that growth inhibition is not caused by
changes ih water availability in the tissue.
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ErFect oF IRrADIATION ON ELASTICITY AND
Prasticity: When stem tissue is placed under a
tension, either internal (turgor pressure) or external
(linear or transverse), two components of deformity
may be distinguished (9). The reversible component
is called elastic and the irreversible component plastic
deformity. The irreversible or plastic stretch of cell
walls is the component responsible for growth in
length (together with the applied force), while the
elastic component is apparently a coincidental property
of the tissue (7). In classical plasticity determina-
tions the tissue is subjected to an external force. The
deformity is measured initially, as it continues with
time under the imposed load, and after the load is
removed. Plastic deformability may be measured
either as the rate of deformation with time (after
the preliminary elastic deformity) or, after the weight
has been removed, as the amount of irreversible de-
formation. Elasticity is the inmmediate, reversible
component of deformation.

For the present investigations the bending pro-
cedure developed by Heyn (8) has been adopted as
the primary technique. Two principal objections
have been raised to the validity of conclusions drawn
as a result of using this technique. First, the amount
of irreversible bending observed may be, at least in
part, due to the movement of water from the cells
under compression to the cells under tension. Sec-
ond, the irreversible bending may arise, in part,
through a deformation of cell walls perpendicular to
the stem axis. Further techniques developed by Heyn
(cf. 9) have been used to eliminate the first possi-
bility. After bending has occurred the stem tissues
are placed in 1.0 M mannitol until completely plas-
molysed (3-4 hours), and the deformity of the tissue
is again measured. Thus deformation of the tissue
may be measured in the absence of all turgor pressure.

Table TIT shows the results of a typical bending
experiment, in which elasticity and plasticity of the
growing region of untreated (dark-grown) plants is
compared with that of plants irradiated for 3 hours
immediately prior to the experimental determinations.

BY RADIANT ENERGY

TasLE 11T

Errect oF RED RADIATION ON PLASTICITY OF
AraskAa PeEA StEMS :

INITIAL FIinaL
TREAT- PrLaAs- ELAs-
MENT c‘("_‘_‘_"‘v\;rg)“ C?‘i‘;‘g_’)“ TICITY TICITY
Irradiated 11.5 + 1.3° 20.0 +=20° 85 16° 125°
Dark 88 + 0.8° 350 =+ 22° 262 =+ 20° 23°

After plasmolysis*

Irradiated 11.5 = 1.3° 107 == 10°  0°
Dark 8808 192+16°  104°

Fifteen mm stem sections bent under a load of 1.5 g
for 15 min. ) o B

Irradiation 3 hours. - Plasmolysis in 1.0 M mannitol
for 2.5 hours. : :

*Only the final curvatures were determined

after
plasmolysis. :
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Six plants were used for each treatment. A com-
parison of irreversible deformation of the stems and
deformation after plasmolysis is included. The most
conservative estimate of plasticity would, presumably,
be the amount of curvature after plasmolysis. Re-
gardless of the detailed interpretations it is obvious
that plasticity of pea stem sections was greatly de-
creased as a result of 3 hours irradiation.

The change in stem plasticity with irradiation
time is illustrated in figure 4. It is again evident
that there was a substantial decrease in plasticity as
a result of irradiation, measured here as the rate of
pending. Ifurthermore, both the decrease in plas-
ticity and inhibition of growth evidently occurred
simultaneously (see fig 1). In fact, of course, it is
impossible to conceive that cell wall stiffening, even
as the cause of growth inhibition, could actually pre-
cede growth inhibition in time. Any change in plas-
ticity would simultaneously appear as a change in
the rate of elongation.

DETERMINATION OF PLASTICITY WITH A LONGI-
TupINAL ForcE: The second problem in interpreta-
tion of the bending technique is that irreversible bend-
ing may arise in part through a deformation of cell
walls perpendicular to the stem axis (16). While
this seemed unlikely, it could not be ruled out a priori.
Tt was considered desirable, therefore to measure
plasticity also by stretching stem sections parallel to
the axis of the stem.

In order that stem tissues be stretched to a meas-
urable extent it was necessary to use tissues at zero
turgor pressure. Killing the tissues by rapid freez-
ing on crushed solid CO, has proved to be satisfac-
tory. The tissues were thawed in distilled water im-
mediately prior to the test. For stretching stem sec-
tions, the stationary end was clamped between two
aluminum blocks and the other end clamped in a
needle holder, whose shank had been cut off and a
hook attached. Both the stationary clamp and the
needle holder had been drilled out to about half the
diameter of the stem, and then tapped. (The suc-
cess of this system was not high, but it was the best
which could be readily contrived). The lower clamp
weighed 1.5 g and the load which was attached to the
hook, 6.7 g.

For stretching, two marks were made with lano-

TasLE IV

PrasticiTy oF KiLLED ArAska PeEa STEMS
MEASURED BY A LONGITUDINAL FORCE

TREATMENT PrAsTICITY EvLasTICITY
Irradiated 0.4 + 08 22+ 05
Dark 38+ 0.7 44+ 0.6
Irradiated 08 =+ 0.3 42 =+ 06
Dark 5206 32409

Stretching of frozen-killed stem sections in micro-
meter units (50 micrometer units per mm). The load
was 6.7 g. Limits are standard deviations of the means,
five sections per treatment. Two separate experiments
are illustrated.
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lin-carbon ink on the stem about 1.5 mm apart.
Distance between the two marks was measured (with
a horizontal microscope equipped with an ocular
micrometer) before the load was added, 1 to 2 minutes
after it had been added, and again after the weight
was removed. Results of two experiments are pre-
sented in table IV. Five stems were used for each
treatment.

It is evident that plasticity, i.e.. irreversible de-
formation, of dark-grown stem tissue was markedly
greater than that of plants exposed to 3 hours of red
radiation. This experiment, then, fully confirmed
the results of bending experiments. Irradiation
markedly reduced cell wall plasticity of the growing
stem.

In this experiment the potential plasticity (at the
time of killing) was determined, while the bending
experiments measured a combination of potential
plasticity and the plasticity which was generated dur-
ing the 15 minute bending period (cf. 3).

INFLUENCE 0F GIBBERELLIC Acip oN CELL WALL
Prasticity: It has been reported previously that
application of gibberellic acid will completely prevent
growth inhibition as a result of visible irradiation
(12). It was, therefore, of critical interest to deter-
mine whether gibberellic acid also would prevent re-
duction in cell wall plasticity caused by irradiation.

Uniform seven day old seedlings were selected and
marked. Half were treated with 1.0 sg gibberellic
acid (in 4 #l ethanol) and the other half kept as con-
trols. After 2 hours a portion of the treated and a
portion of the untreated plants were irradiated for
2.5 hours. Tmmediately after irradiation stem sec-
tions were cut and plasticity was determined by the
bending method described above.

The results of a typical experiment are illustrated
in figure 5. Tt is clear that applied gibberellic acid
completely prevented irradiation-induced decrease in
cell wall plasticity. This result was entirelv con-
sistent with the observed prevention of growth inhibi-
tion by applied gibberellic acid. Gibberellic acid has
no effect on the plasticity of the dark-grown plants.
just as it has, generally, no effect on growth of Alaska
pea seedlings in darkness.

Discussion

These investigations were carried out on plants
which had been irradiated for 3 hours immediately
prior to the beginning of the analyses. This tech-
nique should minimize secondary effects of irradiation.
Changes observed in the tissue 12 to 24 hours after
irradiation might well be the result of the reduced
growth or of unrelated effects of irradiation. It is
considered of critical importance to analyze the elon-
gating tissue as it exists in the growing plant.
Growth responses of excised pea stem sections are
clearly different from those of comparable intact tis-
sue (4); therefore, changes which occur as a result
of treating excised sections may not reflect similar
changes in the intact plant. Tn all experiments re-
ported here intact plants were irradiated and the
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physical properties of the cells were determined im-
mediately after excision from the plant.

Experimental results presented here demonstrate
that visible radiation retards stem growth by prevent-
ing normal plasticity increases in the cell wall. It
has already been demonstrated that radiation-induced
stem inhibition takes place through a reduction in the
effective gibberellin level in the plant (12, 13). This
means, then, that a reduction in endogenous gibberel-
lin results in a decrease in cell wall plasticity. This is
supported here by the demonstration that applied gib-
berellic acid prevents the radiation-induced plasticity
decrease. Thus, it may be concluded that the mecha-
nism of action of gibberellin is through an effect on
cell wall plasticity.

SUMMARY

The intracellular mechanism by which visible
radiation inhibits stem growth has been investigated
in Pisum sativum, variety Alaska.

It is shown that the inhibition of growth begins
approximately 120 minutes after the onset of radiation.
Therefore, the physical properties of stem tissue were
studied approximately 180 minutes after the onset of
irradiation (i.e.. very soon after growth inhibition
was evident), and compared with the properties of
non-irradiated tissue.

No difference was found in the osmotic concentra-
tions or in the water permeability of cells of irradiated
and non-irradiated tissue. Plasmolysis proceeded at
equal rates in dark-grown and irradiated tissue.
Vapor pressure of water in dark-grown and irradiated
tissue was found to be equal, indicating that water
deficiency is probably not causally related to irradia-
tion effects.

The plasticity of turgid and of killed stem sections
was markedly reduced as a result of prior irradiation.
The time-course of change in plasticity closely paral-
leled the change in growth rate. Tt is concluded that
visible radiation inhibits stem elongation through an
interruption or blocking of normal cell wall extension.

Gibberellic acid treatment is known to prevent
radiation-induced growth inhibition. It has been
shown here to prevent radiation-induced plasticity
decrease as well. Tt may be concluded from these
results that the mechanism of action of gibberellin is
through an effect on cell wall plasticity.
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