Utah State University

Digital Commons@USU

All Graduate Theses and Dissertations Graduate Studies

5-1981

Effect of Mild Water Stress and Enhanced Ultraviolet-B Irradiation
on Leaf Growth of Rumex obtusifolius L. and Rumex patientia L.
(Polygonaceae).

Steve R. Holman
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd

b Part of the Ecology and Evolutionary Biology Commons, Environmental Sciences Commons, and the
Plant Sciences Commons

Recommended Citation

Holman, Steve R., "Effect of Mild Water Stress and Enhanced Ultraviolet-B Irradiation on Leaf Growth of
Rumex obtusifolius L. and Rumex patientia L. (Polygonaceae)." (1981). All Graduate Theses and
Dissertations. 6401.

https://digitalcommons.usu.edu/etd/6401

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has
been accepted for inclusion in All Graduate Theses and /[x\

Dissertations by an authorized administrator of N . .
DigitalCommons@USU. For more information, please IQ‘ .()Al UtahStateUniversity

contact digitalcommons@usu.edu. (\MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F6401&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/14?utm_source=digitalcommons.usu.edu%2Fetd%2F6401&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/167?utm_source=digitalcommons.usu.edu%2Fetd%2F6401&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/102?utm_source=digitalcommons.usu.edu%2Fetd%2F6401&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/6401?utm_source=digitalcommons.usu.edu%2Fetd%2F6401&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

EFFECT OF MILD WATER STRESS
AND ENHANCED ULTRAVIOLET - B
IRRADIATION ON LEAF GROWTH

OF RUMEX OBTUSIFOLIUS L. AND

RUMEX PATIENTIA L. (POLYGONACEAF)

by
Steve R. Holman
A thesis submitted in partial fulfillment
of the requirements for the degree
of
MASTER OF SCIENCE
in

Range Ecology.

Approved :

Utah State University
Logan, Utah

1981



ACKNCWZEDGHENTS

This research was funded oy the National Aeronautics
and Space Administration.

I wish to sincerely thank my major advisor, Martyn
Caldwell, for his invaluable assistance and continual
support at every stage of the research. Working with him
was a stimulating and enjoyatle 2xperience. Herman Wierte
and Doug Jonnson provided wvaluable advice and constant
support and snthusiasm during the project.

I am also extremely grateful for the comments,

riticisms and suggestions proviced by Ron IDzurec, Sue
Lindoo, Jim Zeilthliter, 3cb Nowak, Ron Robberecat and
Jeuter. Lee Camp gave me many willing nours of
tecrinical assis<tance and his ccnzributicn is gratefully
acknowladged.

I would finaliy like to thank my wife, Jeannezte
Holman Ior tTyping the manusgeript and for putziag up without

TS| 12 el 'Jflcse mcn u-S.

Steven R. Holman



ACKNOWLEDGMENTS .4

TABLE CF

CONTENTS ..

LIST GF FIGHRES . » wdieis

AESTRACT

INTRODUCTION ...

METHCDS ..

FPlant Growtn ..,

& oo

I S T B R T T ST I I T R I O ]

LIRS R T T T T R I I I

Nater Stress System ...

Growth Chamber Ccnditions seeeess
Data Collectiorn and Anaiysis

RESULTS iwa

Rrumex

obtusifolius

Rumex

patientia .

‘) ST
v L) e acene
LI T I Y

O

.

-----------

. LI I I I
- .. - .. .

nnnnnn L} .
---------- .
. ow L) .
s ow s .
------ LI T
. 3 .
.o L R I ]
O R .
L s 80
LI R N LI |
] - ..

i



Figure

1 .

iv

L1387 CF FIGURES

Page

Patterns of leaf growth, cell division and
cell expansion for Rumex obtusifolius exposed
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ABSTRACT

Effect of Mild Water Stress and
Enhanced Ultraviolet-B Irradiation
on Leaf Growth

of Rumex obtusifolius L. and Rumex

vatientia L. (Polygonaceae),.

D

N
Steven R. Holman, Mas<er of Science
Jtah State University, 1981

Major Professor: Dr. Martyn M. Caldwell
Cepartment: Range Science

Leaves of Rumex obtusifolius L. and R. patientia I,

were exposed to combinations of mild water stress and en-
nanced ultraviolet-B irradiation during their ontogeny.
Two UV-B treaiments (enhanced UV-B and control) and three
water stress treatments (-0.0 MPa, -0.2 MPa and -C.4 MPa
rooting medium maztric potesntials) were employed. The

impact of the stress interac*ticn was assessed on %the tesis

[

of changes in leaf arez, average acdaxial epidermal cell
size, and total number of adaxial epidermal cells per 1leaf.
Although the level of UV-B irradiation applied was in-
sufficient to significantly alter leaf growth at any given
water stress, UV-B did interact with water stress to zlter
the pattern of plant response to water stress. The inter-

action was only apparent when the water stress was gresater
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than -0.2 MPa roct matric potential. For bcth species
UV-B irradiation exacerbated the depression of leaf growth

due to -0.4 MPa water stress. For R. obtusifolius the

basis of the reduction in leaf growth was likely a reduction
in the rate of cell division during the early phase of leaf
growth., For R. patientia the effect of the interaction on
cell division was less clear. Cell expansion was not
directly affected by UV-B irradiation in either species,
although the recduction in cell size with increasing water
stress was apparent. In terrestrial ecosystems, mild water
stress 1s a common occurrence and with predicted anthro-
pogenic modifications of the atmospheric ozone layer, UV-B
radiation reaching the ear<h's surface can be expected to
increase. The effect on higher plants of the stress inter-
action may thus be of considerable signiricances under natural
conditions.

(45 pages)



INTRCDUCTION

The manner in which a plant responds to its physical
environment may be strongly influenced by the interaction
of many different environmental factors. These factor
interactions 'can produce plant responses quite different
from those due to the effect of any of the individual
factors alone, Plant responses to two or more factors may
either be additive, when the response to the combination
of factors is equal to the sum of the responses to the
individual factors, or synergistic, when the plant shows a
response either more or less than additive (Salisbury,

197 3).

Recent research into anthropogenic modifications of
the stratospheric ozone layer (Molina and Rowland, 1974) has
led to concern that a reduction in the ozone layer would
lead to an increase in ultraviolet radiation reaching the
Zarth's surface (Green et al., 1974). This increase would
occur mainly in the ultraviolet-B (280-320 hanometer) region
of the spectrum. Because radiation in this waveband is
quite actinic, even a slight increase in terrestrial UV-B
could significantly affect higher plants.

In order to fully understand the impact of ennanced
terrestrial UV-B on plants, factor interactions must be
considered. Most investigations to date have examined uv-B
as an isolated stress factor, al;héugh Fox and Caldwell

(1978) have examined the interaction of competitive stress




and enhanced UV-B.

Among the effects of enhanced UV-B radiation on higher
plants so far observed has been a significant reduction in
leaf growth (Sisson and Caldwell, 197%; Dickson and
Caldwell, 1978). Although UV-3 radiation can cause a de-
crease in the photosynthetic rate of exposed leaves which
could indirectly limit leaf growth, Sisson and Caldwell
(1976) demonstrated that the depressicn of early leaf

expansion in Rumex patientiz was greater than the level

solely attributable to photosynthate limitation. Dickson
and Caldwell (1978) determined that UV-B irradiaticn

depresses leaf growth in Rumex patientia by reducing the

rate of epidermal and mesophyll cell division in young
leaves. Brown and Klein (1973) fcund that "near-Uv" (30C-
400 nm) repressed cell division in pea root meristems by
increasing the length of interphase period between divisions.
Similar responses to near-UV have been observed in many
procaryotic and eucaryctic cells (Xlein, 1975,

o
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factor. There are few terrestr
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al ecosystems whers water
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is universally abundant and most plants are subjected to
occasional water stress. Even plants growing in well
watered soil may suffer mild water siress when evaporative
demands are high.

The most frequently observed effect of water stress

on plants is a reduction in leaf growth (Slatyer, 1967



Hsiao, 1973). At the cellular level this reduction has
been correlated primarily with a reduction in cell size due
to depressed cell expansion (Hsiao, 1973; Slatyer, 1967)
although water stress has been reported to reduce cell
division in some cases (Hsiao, 1973; McCree and Davis,
1974).

The rate and duration of leaf growth is a function of

D
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the rate and duration of both cell expansion and ¢

division (Milthorpe and Newton, 1963). Cell division is

most important during the early phases of leaf grow:h, but
division ceases when *the leaf is from 1/6 to 1/2 final size,
depending on the species (Avery, 1933; Maksymowych, 1963;
Milthorpe and Newton, 1963; Saurer and Possingham, 1370),.
Sunderland (1960) however, reported that in sunflower
leaves, cell division may con*inue until the leaf is from
1/2 to 3/4 final size. Cell expansion continues throughout

the growth of the learf,

These two growtih processes are closely linked. During
the interphase pericd tetween cell divisions, cells must

expand to reach a 'threshold' size vefore the nex+ division
can take place (Hsiao, 1973). After division ceases,
further leaf growth depends sclely on the rate and duration
of cell expansion.

Because UV-B irradiation and water siress have a signi-
filcant impact on ithe processes of cell expansion and divisicn

and inasmuch as these brocesses are closely tied tc *he

7



early phase of leaf growth, it seems likely that the com-
bined effects of the two stresses would have a significant
effect on leaf growth. The purpose of this study was to
investigate the nature of this potential interaction by
testing the hypothesis that the two stresses would interact
to produce a synergistic reduction in leaf growth.

This hypothesis seems reasonable if, during the cell
division phase of leaf growth, water stress increased the
amount of time necessary for a cell to expand to the
'threshold' size and divide. If UV-B irradiation exerted
an independent but concurrent effect on the cell division
process, the combination of increased time for cell en-
largement and decreased cell divisions per unit time would
likely result in a synergistic reduction of leaf growth.

Two closely related species were cnosen for the study;

Rumex patientia, a plant sensitive to UV-B irradiation and

Rumex obtusifolius, which is relatively less sensitive. to

elevated UV-B according to data from Sisson (unpublished).
Both leaf size and the changes in size and number of the
upper epidermal cells were monitored for stress-induced
effects. It was expected that the synergistic reduction

of leaf growth due to the interaction would bé more
apparent in the UV-B sensitive species. The results of the
investigation made a comparison of the species responses

difficult, although the data generally support the



hypothesis that UV-B and water stress interact synergisti-

cally. Cell division appeared to be the primary growth

parameter affected by the interaction.



METHODS

Plant Growth

Seeds of Rumex patientia and R. obtusifolius from

field collections made near Logan, Utan were germinated on
moist filter paper. The seedlings were planted in 22 cm x
4 cm conical plastic containers (Ray Leach Conetainer Co.)
in vermiculite and placed in a controlled environment
chamber under conditions identical to those under which the
experiments wculd be conducted, with the exception of UV-B
irradiation. Plants were watered every other day with 1/2-
strength modified Hoagland's nutrient solution until the
initiation of the 7th leaf. At that time the plants were
placed in the controlled water stress system devised by
Tingey and Stockwell (1977). The plants were transferred
into conetainers with approximately 75% of the surface area
removed leaving an open plastic framework around the vermi-
culite root mass. The frame and root-vermiculite mass were
then enclosed in two layers of cellulcse acetate semi-
permeable membrane with an upper molecular weight cut-off
of 8000-9000. (Spectrapor t.m. dialysis membrane #1,
Spectrum Medical Industries, Inc.) Transplanting was ac-
complished with minimal disturbance to the plants since, by
the time of the transfer, the vermiculite rooting medium
was thorcughly permeated by rcots and the entire mass was

easily manipulated.



Water Stress System

The plaht-membrane systems were equilibrated for 24
hours in distilled water, then placed in 1/2-strength
Hoagland's solutions to which had been added varying amounts
of polyethylene glycol 20,000 (PEG) (J. T. Baker Chemical
Co.). The PEG was used to control the osmotic potential of
the solutions at different levels to provide different
levels of water stress. The PEG soluticns controlled water
movement through the membrane so that the matric potential
of the vermiculite rooting medium was in equilibrium with
the osmotic potential of the solutions. The plants were
subjected to three different levels of water stress; no
water stress, or zero megapascals (MPa) solution osmotic
potential, achieved by immersing the plant-membrane system
into 1/2-strength Hoagland's solution to which no PEG was
added, low water stress, -0.2 MPa solution osmotic poten-
tial, and high water stress, -0.4 MPa solution csmotic
potential., The PEG concentration needed %o achieve the low
and high water stress treatments was determined ty a cali-
bration curve provided by Tingey (personal communication),

During the investigation, these osmotic solutions
maintained midday leaf water potentizls of the test plants
at -1.3 MPa (Z0.1 MPa), -0.96 MPa (£0.05 MPa), and -0.65
MPa (0.2 MPa) for the -0.4 MPa, -0.2 MPa and zero MPa
treatmenis respectiively., Pre-dawn leaf water potentials

£

ranged from -0.4 MPa tc -0.6 MFa for all treatments. All



water potential measurements were made with a P. M. S.
pressure chamber. For each experiment, twelve plants, all
at approximately the same stage of leaf development,. were
subjected to each stress.

The plants were allowed to equilibrate for 48 hours
in the solutions. Then for the following three days the
length of the 7fh leaf on each plant was measured daily.
The rate of leaf growth and the absolute leaf length were
used as a basis of similarity for éhoosing five pairs of
plants from each water stress treatment. Although this
method of pairing plants was considered the most practical
one, some difficulty was encountered in insuring syn-
chronous leaf ontcgeny within each pair and with each treazx-
ment. This difficulty was reflected in relatively high

variability in some of the data.

Growth Chamber Conditions

The effect of UV-B irradiation on the experimental
plants was assessed under growth chamber conditions. Cne
member of each plant pair was randomly assigned to a growth
chamber with an enhanced UV-E irradiation regime and the
other was placed in an identical chamber, bu: under control
(low UV-B irradiation) conditions.

Apart from UV-E radiation, both growth chambers were
maintained at identical environmental ccnditions. A 6000-W
Osrgm Co. Yenon arc provided 500 puE-m 2.g~!

photosyn-

[V

*

hetically active radiation (400-700 nm) as measured wizth



a Lambda Co. Model LI-190-SR guantum sensor. Photoperiod
was nine hours. Growth chamber temperatures were maintained
at constant 25°C in order to maintain the temperature-
dependent osmotic potentials of the PEG solutions at con-
stant levels. Humidity remained constant at approximately
20% relative humidity. Daytime leaf temperatures in both
chambers, as measured with a copper-constantan thermocouple,
remained between 22 and 24°c.

The enhanced UV-B treatment was achieved ty placing
the plants 40 cm below three Westinghouse FS-40 sunlamps
fitted with 5 mil (0.13 mm thickness) cellulose acetate
plastic filters. These filters transmit ultraviole+
radiation down %o approximately 290 nm. The control treat-
ment consisted of sunlamps filtered with Mylar Type D (5
mil, 0.13 mm, DuPont Co.) plastic film which transmits no
radiation below 315 nm. Sample leaves were held hori-
zontally with thread to ensure maximum irradiation, Ultra-

violet lamps were engaged for the middle seven hours of the

@]

day. Dose rates were determined with a Gamma Scientific Co.

spectroradiometer and weighted for biological effectiveness

based on a relationship reported by Caldwell (1971).

Biological effective UV-B (UV- DBﬁ) dose rates were

2.4 x 107 effective J-m'z-aay ! and 1.0 x 104

-2 = . : :
J'm “.day for the enhanced UV-B and control treatments,

effective

respectively,
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Data Collection and Analysis

The eighth leaf, which was the youngest leaf at the
start of tne experiment, was examined periodically during
the experiment for changes in leaf size and in size and
number of the adaxial epidermal cells. Data were collected
for up to 14 days after the start of UV-B irradiation, the
duration of the experiment being dependent on the longevity
and growth rates of the test leaves. Cellulose acetate
dialysis tubing is subject to bacterial degradation over
time. Many workers have estimated the effective 1life of
dialysis membrane in PEG solutions. The estimates include:
2 1/2 to 3 weeks (Painter, 1966), 12 days to 2 weeks (Zur,
1966), 13 days (Kaufmann, 1969), 5 to 10 days (Wisbey, et.
al.,; 1977), and 7 days (Tingey and Stockwell, 1977). In
order to insure the continual integrity of the water stress
system used in this investigation, the dialysis membrane
was changed for all treatments on the 7th day of each
experiment. In preliminary investigations it was notad

+
v

that visible signs of membrane decay did not occur until

w

least the 14%th day after immersion in the PEG solution.
Experiments were repeated twice for each species.

Leaf area was measured with light sensitive blueprint
paper held closely appressed to the leaf and briefly ex-
posed to the light. When developed in ammonia vapor, the
silhouette of the leaf was precisely reproduced. This was

then cut out and used to measure leaf area with a Lambda Co.
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model LI-3000 photoelectric area meter.

ledermal cell den81ty was determined by taking a
rubber impression of the upper leaf surface each day by a
mcdification of the technique described by Groot (1969).
Dow Corning brand RTV silicon rubber encapsuiant was used
to make the impression. The liquid rubber was mixed with a
catalyst, spread on the leaf, and could be peeled off as a

1id impression within two minutes without harming the

)

ea Gl

-

ear fingernail polish was used to make a secondary

'_

impression from the silicon rubber znd tnis was mounted
and inspected at 100 power under a microscope. A reticule
grid was used to count the number of cells per square
millimeter. For each leaf 10 counts of cell density
(cells-mm-z) were made at the tip, middle and tase cf the
leaf,

Continuous transects tThrough the long axes of repre-

sentative leaves of both Rumex patientia and R. obtusifolius

were cocunted and from this it was determined that

0
' '
'-I
)
®
W)
L)

relationship existed between cell density and relative
pcsition along the leaf. The slope of the relationship
changed with leaf size, tut the relationship remained

linear. It was also noted that for both species, the
relationship between leaf length and leaf width for a given
leaf size class could te described by a gquadratic equation.
The product of the linear equation of cell density at each

lesa

position along the leaf and the quadratic eguation o

Hh

<
=
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width at each position along the leaf would give, for a

ct

leaf of given size class, an estimate cf the total number

of adaxial epidermal cells across the at each position

L)

ea

'..J

along the leaf length. 1Integrating over the entire leaf
length would give the total number of cells per leaf or,
L
bl 2 W -2 dx

where Y = total number of adaxial e
WX is the cell density per relative length and Z_ is the
leaf width per relative length.

To solve this expression the leaf length and the slope

of the cell density-leaf length relationship were required.

Eecause the resultant cell number was only an estimate of

3

the actual cell number, the equation was also used to cal-

culate the estimated leaf arcea based on the measured leaf

length., The ratio between the actual leaf area and esti-

mated leaf area was applied as a correction factor to tne

estimated number of cells per leaf. The corrected cell
total was then divided into the actual leaf area to give

the average cell size Ior each
To test for significant differences in mean values of

leaf area, cell size, and cell number among

ot

he three
water siress treatments under either UV-F or control condi-
tions, a two factor analysis of variance was applied (Zar,

1974). For all treatment ccembinations measured each sampls

B
)

o]

day, the three sample parameters were tested for significa

Pl b e
=
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differences (P < 0.05) due to enhanced UV-B irradiation

alone, water stress alone, and to the treatment interaction.
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RESULTS

Rumex obtusifolius

Tﬁe results of this investigation indicate that there
was an interaction between enhanced UV-B irradiation and
water stress as measured by leaf growth and epidermal cell
dynamics. Ultraviolet radiation apparently acted to alter

the response of R. obtusifolius to the different levels of

ct

water stress used in this study.

'.l_J

igure 1 (A, B) illustrates the pattern of leaf growth
Tor plants exposed to the three levels of water stiress
(-0.0 MPa, -0.2 MPa, and -0.4 MPa) under both enhanced

UV-B and control conditions. Under gontrel cornditions
(Fig. 1-B) by day eight of the experiment the ;ea?es under
toth -0.2 MPa and -0.4 MPa water stiress were significantiy
smaller than the unstressed (-0.0 MPa) leaves, but wers not
different from each other. Uncder enhanced UV-B irradiation
(Fig. 1-A) a different pattern emerged. By day six and for

the remainder of the experiment, the leaves under the

greatest water siress were significantly smaller than thcse
uncer the two lesser siresses Leaves under -0.0 MrPa and

-0.2 MPa stress were not significantly different frcm each
other until day 13. At no time did leaf area respond sign
ficantly to UV-B alone, or to the stress interaction.
was, however, an apparent changes in plant response to in-
creasing water stress

The impact of the -0.L MPa waster siress treatment compared
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Figure 1.

Patterns of leaf growth, cell division and cell
expansion for Rumex obtusifolius exposed to en-
hanced UV-B (graphs A, C, and E) and control
(graphs B, D, and F) treatments while under three
levels of water stress (-0.0 MPa, -0.2 MPa, and
-0.4 MPa rooting medium ma“ric potential).
Average values which are not significantly
different from one another at P < 0,05 are
connected with vertical bars. Asterisks denote
days on which a significant (P < 0.05) inter-

action was observed between water stress and
UV-B irradiation.
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tc the -0.2 MPa treatment was exacerbated by UV-B irradigtion.
In addition, the depression of leaf growth due to -0.2 MPa
water stress as compared to the unstressed leaves was mani-
fest five days later under UV irradiation than under control
conditions. In a replicate experiment, however, the differ-
ence between the leaf area of plants under -0.0 MPa and

-0.2 MPa stress was apparent approximately six days into the
experiment under both UV-B and control conditions (Appendix

1-4, B), suggesting that the differences in timing observed

—

I.J

here were provably no*t due to supplemental UV irradiatiun.
In an effort to quantify the relative influence of
both epidermal cell division and cell expansion on the
pattern of leaf growth, the total number of adaxial epi-
11ls and the average cepidermal cell size was
determined at intervals throughout the experiment.
igure 1 (C, D) illustrates the pattern of cell divi-
sion as influenced by water stress and UV-B irradiation.
When the three water stress treatments were compared under

control conditions, there weres no significant differences,

and only small apparent differsnces between the average
numbers of cells per leaf (Fiz, 1-D). Under ennanced UV-B
the apparent differences were mucn larger (Fig. 1-C). The

total number of cells in the leaf epidermis of plants

subjected to -0.4 MPa was significantl

ess than for the

<
'_.J

two lower water stress levels on days six and eight. This

transient difference, and the small increase in cell



numbers over time for the -0.4 MPa treatment as compared

to the other treatments indicates that the rate of cell
division was proceeding more slowly at -0.4 MPa water stress
under supplemental UV-B than under any of the other stress
combinations tested. As for leaf area, no statistical inter-
action between the stress effects was observed. Cne factor,
however, suggests that a subtle form of interaction may have
been manifest. First, since cell numbers for the -0.4 MPa
plants under enhanced UV-B increased steadily throughout

the investigation, while division ceased earlier under the
other treatments, UV-B irradiation seemed to act to prolong
the cell division phase of leaf growth in the most severely
water stressed plants. The overall rate of cell division
was also slower under -0.4 MPa and UV-B irradiation than for
any other treatment. The replicate experiment, though of

a shorter duration, repeated this trend (Appendix 1-C, D).
It thus seems possible that, although the interaction 1is
subtle, the effect of UV-B and water stress is to depress
the rate and to prolong the duration of cell division in

R. obtusifolius.

Changes in average epidermal cell size during the
experiment are illustrated in Figure 1 (E, F). Under en-
hanced UV-B irradiation, the reduction in cell size with
increasing water sitress was quite apparent (Fig. 1-E).
Plants subjected to the three water stress treatments ek-
hibited significantly different cell size from day eight.

The control plants did not show the same relationship in



cell size as a function of water stress (Fig. 1-F

time were

stress signi

The

the unstressed leaves were

leaves under -0,2 MPa and -0.
icantly different in cell size

rent
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differ
different
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Y, AT ns
L4 MPa water

. Beyond day
from those at

from both -0.2

-0.4 MPa and by day 13 they were

MPa and -0.4 MPa2 treatments. OCOn days 8, 11, and 13 of the

experiment, a statistical interaction between water stress

and UV-B irradiation was observed. Under UV-B irradiation,

[on
O

r

(S

cell size decreased with decreasing rootinz medium ma

0y

ck

o

'.—l

potential. This did not occur until day 13 under con

conditions and then only between the unstressed (-0.0 lP2a)

and stressed (-0.2 MPa and -0.4 MPa) groups.

served here were confirmed by the replicate

rzlationship

indicates that the respocnse of

The trends obD-
experiment. This

cell expansion

processes to increasing water siress is, at least within the
range tested here, influenced by UV-E 1lrradiatlion
Rumex patientia-
The response of R. patientia to the combination of
stresses was somewhat similar to that of R. obtusifolius.
The leaf growth patterns are presented in Figure 2 (A, B).

Under control cornditions, the only significant differences

leaf area were observed between the unstressed (-0.0 MPa)
and stressed (-0.2 MPa and -0.4 MPa) plants (Fig. 2-B).
Leaves under -0.2 MPa and -0.4 MPa stresses were never
different from each other. Under enhanced UV-B irradiation,

however, leaves under -0.4 MPa stress were different from
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either of the other two water stress treatments from day six
through day ten (Fig. 2-A). On day 10 under UV irradiation,
leaf area began to decline in the two stressed treatments.
This was due to an early onset of senescence in these leaves.
After day 10,leaves from both treatments began to develop
small chlorotic areas along the leaf blade and attrition

of the leaf margin was noted in many cases. This decline

in living leaf area undoubtedly influenced the relationship
between the leaves under the three water stresses during

the latter part of the experiment (days 10 through 14) and
may have been responsible for the lack of difference be-
tween -0.2 and -0.4 MPa stressed plants on days 13 and 14,
This early leaf senescence 4did not appear in any plant

under conirol conditions. No statistically significant

—

JV-B irradiation was observed within any water

stress i1evel and no interaction between The two stresses

3

was demonstrated.

There were no significant differences in total cells

for R. patientia (Fig. 2-C, D).
For R. patientia enhanced ultraviolet radiation did
rnot appear to have an important effect on the rate or

magnitude of cell expansion (Fig. 2-E, F). The relation-
snip between cell size under the three water stiresses
appeared to be very similar for both UV and control groups.

The only clear differences occurred cn days 10 and 14,
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Patterns of leaf growth, cell division and cel.
expansion for Rumex patientia exposed to en-
hanced UV-B (graphs A, C, and E) and control
(graphs B, D, and F) treatments while under three
levels of water stress (-0.,0 MPa, -0.2 MPa, ani
-0.4 MPa rooting medium matric potential).
Average values which are not significantly
different from one another at P = 0.05 are
connected by vertical bars.
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when under UV irradiation-the -0.2 MPa and -0.4 MPa treat-
ment groups were not statistically different (Fig. 2-E)
while under control conditions they were (Fig. 2-F).
Because senescence was occurring in both treatments under
UV it is possible that this was partially responsible for
the difference. In addition, on day 10, the average cell
size for the unstressed plants under enhanced UvV-B irradia-
tion was significantly smaller than for the corresponding

plants under control irradiation.
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DISCUSSICN

The combined effect of enhanced UV-B irradiation and

water stress on leaf growth of Rumex obtusifolius resulted

in an unexpected interaction. The UV-B dosage applied to

R. obtusifolius in this investigation was insufficient to

significantly suppress leaf growth or alter most leaf cell
characteristics of irradiated plants when these were com-
pared to control plants under any given water stress. The

nature of the stress interaction was evident in the differ-

entlal plant response to water stiress under UV irradiation
and control conditions (Fig. 1). Under UV-B irradiation,

leaf growth aznd total epidermal cells per leaf were depressed

by -0.4 VMPa water stress relative to the -0.0 MPa and -0.2

MPa treatments (Fig. 1-4, C). Under control conditions
leaves did no%t respond differently %tc -0.2 MPa or -0.4 MPa
water stresses in any growth parameter (Fig. 1-B, T, F). 1In

most cases the relationship between leaf growih parameters

at -0,0 MPa and -0.2 MPa water stresses was the same under

Without the additional stress of UV-EB radiation, the
change in the severity of water stress imposed by a drop in

the matri

[
(@]

potential of the rootiting medium frcm -0,2 MPa
to -0.4 MPa was not sufficient to affect leaf growth, cell

division, or cell expansion (Fig. 1-B, D, E). Superimposi-
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I-J

UV-B irradiation subtly altered this relationship.

Hhy

tion o
At some point tetween -0.2 MPa and -0.4 MPa, UV-B began

to interact with water stress to amplify the leaf growth
depression due to water stress.

After the initiation of the leaf primordium, the rate
and duration of cell division and cell expansion are solely
responsible for leaf growth (Milthorpe and Newton, 1963).

An analysis of both these processes in this experiment re-
vealed that under water stress and UV-B irradiation cell
division and expansion were both to scme extent affected
by the interaction.

Ultraviolet radiation did not directly affect epidermal
cell size except on the final day cf the experiment at
-0.0 MPa. However, UV-B did alter the cell size response
to water stress during the latter part of the experiment
(

experiment the pattern of differences 1in cell size was simi-

tr)

ig. 1-E, F). It is notable that bty the final day of the

lar to the differences in leaf area (Fig. 1-A, 5) indicating
that the relationship betweer. the <resztmenzis due tTc the

nteraction observed in the whole l2zves may te explained

e
8]

[

n part by the patterns in cell expansion. It is clear,
however, that the patterns of cell division must also be
important in determining leaf growth response to the stress

interaction. It must be remembered that cell expansicn

s
]

1

plays two roles in leaf growth. Expansion takes place du
ing interphase (Hsiao, 1973) and after the cell division

H,

phase of leaf growth nas ceased (Maksymowych, 1963). If the
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rate of cell division was reduced by the stress interaction
then a long-term reduction in cell size might be expected
since the cell expansion phase of leaf growth would be
delayed. At any given time, therefore, plants so affected
would have had less time for the cells to expand to their
final size and would have, on average, smaller cells, than
unstressed plants. If, alternately, the stress interaction

primarily acted to reduce cell expansion, then with longer

interphase periods required to aliow the cells to grow large
enough to divide, cell division rates would be reduced. It
is difficult to seperate these two possibilities based on

the data presented here. There is,ncowever, strong evidence

ot

to sugges

8]

that cell division may be most directly sensitive

to the stress interaction.

The effect of the stress combinaticn on total number
of cells in the leaf seems clear. The smaller rate of in-

rease in total cells per leaf and the extended duration

of the cell division phase of leaf growth resulted in

and UV-B irradiaticn (Fig. 1-C). The manner in which UV
interactéd with -0.4 MPa water stress to procduce the cb-
served effect on cell division 1s not clear, Either UV-B
irradiation directliy affected cell division and this level
of water stress indirectly reduced the ability of the leaf
cells to overcome the UV-B injury or both stresses combined

to directly affect the division process.
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A previous attempt to analyze UV-B-mediated reduction
in leaf growth on a cellular basis (Dickson and Caldwell,
1978) revealed that the rate of palisade and adaxial epi-

dermal cell division in Rumex patientia was reduced under

o d

supplemental UV-B. For R. obtus

e

folius a similar response

e

was observed, but only under a stress combination, not due
to UV-B alone. 1In addition, the duration of the cell divi-
sion phase of leaf growth was increased under the stress
interaction in this investigation, while the earlier work
suggested no change in the duraticn of cell division under
UV-B. Although a direct comparison of the two studles is
difficult, it is clear that in both cases, UV-B irradiation
influenced the process of cell divisicn.

Brown and Klein (1973) working with "near UV," a wave-
band from 30C o 400 nm overlapping both UV-E (290-320 nm)
and UV-A (320-400nm) spectral regicns, found that irradi-
ation increased the length of the mitotic cycle in excised
pea root meristems by lengthening the G, or pre-DNA synthesis

period of mitotic interphase. It thus seems reasocnable to

ot
n

<y

pcstulate that UV-B may nave acted directliy to slow the

v

Il

M

mitotic cycle of the leaf ceils under -0.4 MPa water stress
in this study.

The role of water stress in the interaction is unclear,
Although a direct effect of water stress on cell division has
occasionally been reported (Terry et al.; 1971, McCree and

Cavis; 1974; review by Hsiao, 1973), the true nature of the

b,

relationship is far from certain. Hsizo (1970), hcwever,
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rate of protein synthesis 1s reduced in

cells

(-0.65 MPa *to -1.1 MPa plant water potential).

enzyme and structurzl protein synthesis

to ecell diwvision)

28

reported that the number of polyriboescmes and hence the

the cytoplasm of

of Zea mays coleoptiles expcsed to mild water stress

Because

are closely linked

the effect of water stress on protein

synthesis has important implications concerning the effect

of water stress on cell division.
Ther

oT
e

and UV-B irradiation may have an aff
Data presented here also suggest a role
the cell expansion process.

the relative effects

to separate in a study

effect of

ctserved

quence of a direct effect on cell diwvisi

yet unknown,

definitive answer
gathered by other
lends strong support to the possibility
cell division is primarily and directly
comblnation. To extend and refine this
cytological studies of cell

stress conditions would be invaluabple.

Eecause these

of

growth behavior under

is evidence, therefore, to suggest that water stress

on cell division.

of UV-B in affecting
two processes

“W0 stresses

wae

this nature. @ As

may be simply a conse-

icn, Conversely; by

gect of UV-E on cell

12y te respcnsible
Eased cn the

not possible.
nowever,
process of

by the stress
conclusion, detailed

these
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The pattern of the growth response of R. patientia to

UV-B and water stress was generally similar to that of R.

obtusifolius. As found for R. obtusifolius, leaves of

R. patientia did not gréw differently under -0.2 MPa or
-0.4 MPa water stress under control conditions. However,
under supplemental UV-B irradiation, leaf growth was signi-
ficantly reduced by -0.4 MPa stress relative to the other
two water stress levels (Fig. 2-A, B). The senescence

that was observed in the water stressed leaves under en-

hanced UV-B affected the relationship tetween the -0.2 Mra

’,:

and -0.4 MPa stressed leaves by day 13 and, thus, inter-
pretations of the last two days of the experiment were

difficult to make. It is interesting, however, that only

ck

under water stress and enhanced UV-B was this early onse

(J)

(o)

of senescence noted. Sisson and Caldwell (1977) resporte

ot
P
Y
ct
}—
D
M
)
(@]
3
m
[}
<
cl
<
(@]
|0

. patientia was reduced substan-
tially in a supplemental UV-B radiation regime that was

slizhtly greater than that employed in this investization.
o = J =}

this species. Unfocrtunate
ment was curtailed by technical difficulties after five
days, well before learl senescence could have occurred and,
thus, this possibility awaits verification.

When the twc growth parameters of cell size and cell

number were examined for R. patientia, *the same distincst

relationship between water s
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cell division found for R. obtusifolius did not emerge.

At no time was the total numter of cells different for
different water stress treatments under either enhanced
UV-B or control conditions (Fig. 2-C, D). There was a
slightly greater difference in number of cells tetween
water stress treatments under control conditions, and a
slightly greater reduction in number of cells under -0.4
MPa stress in relation to -0,0 MPa and -0.2 MPa values with
supplemental UV-B, but the differences were not statisti-
cally significant., Likewise, there was no clear indication
of an effect of the stress interaction on cell expansion
(Fig. 2-E, F). Cell size seemed to respond similarly to
water stress under =ither UV-3 regime.
Numercus studies have established the re

sensitivity o

H
2v)
o}
o
ct
'_l
()
3
ol
’._J
o
ct
Q
c
<
I
o]
o
H
D]
)
o
'_I-
)
ct
. Je
O
JESN
0]
|.J
ul
0n
©
]
g
2]
[0}

and Caldwell, 1978). Dickson and Caldwell (1978) have
linked this sensitivity partially to an effect of UV-B on
ceil division rztes. In Shis investigation, however, high

UV-B sensitivity was not apparent even though apprcximately

during the experiments., Cne possible explanation may be
the soil moisture conditions of these experiments. In this

study plants were grown under conditions much different

than those encountered by the soil-grown Rumex patisntia




1

used in all other studies. Because of scil matric forces,
soll water potentials are rarely zero., It is undoubtedly
more.difficult for plant roots to extract water and nutrients
from soil (especially slightly dry soil) than from the
solution-membrane system employed here, at least for the

-0.0 MPa solution and perhaps for the -0.2 MPa solution as
well, It may be that under slight or nonexistent water
stress, UV-B 1is for some reason unimportant and that only
under greater stress is the effect of the irradiation
manifest., If so, then water stress may have teen an un-
recognized contributing factor to the effects previously
reported. To test this possibility for one study, seil

grown R, patientia were expcéed To growth chamber conditions
closely approximating those employed by Sisson and Caldwell
(1577) and leaf water potentials were measursd with a
pressure bomb periodically during the day. In this in-
stance under the relatively high midday chamber tempera-
tures used oy Sisson and Caldwell (3706 leaf water poten-
tials drorped tc approximately -1.1 ¥Pa from a pre-dawn
(chamber *temperature 156
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light period. The lowest leaf water potentials were recorded

seven hours after watering. The lowest water potentials for

the soll-grown Rumex were between the midday values recorded
for plants grown hydroponically under -0.2 MPa and -0. b IiFa

stress levels. 3Because this seems to be the zone in which

UV=B irradiation pegins to interact with water siress, it is
=
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1

possible that a hitherto unsuspected interaction between
water stress and UV-B irradiation was at least partially
reSponsible for the effects noted by Sisson and Caldwell
(1977). Although this is only speculation, the evidence
would seem sufficient to suggest that further research on
UV-B radiation and leaf growth should include some consider-
ation of the water status of the test plants.

The synergistic reduction in leaf growth, cell division
and cell expansion due to water stress and enhanced UV-B
irradiation suggested bty this research has important eco-
logical implications. It is possible, given sufficient leaf
longevity, that the reduction in cell division rate observed

here would only delay and not curtail the process of leaf

growth, However, this esarly period of leaf growth is criti-
cal to the ultimate success of the plant. Photosynthetic

carbon fixation is most rapid during this pericd for these
species and a small, even transient decrease in leaf area
could seriocusly reduce the carbon pool available feor later
rowth and reproduction. The implications of this are clear
The water stress under which the interaction was manifest
was quite mild, and may often bte exceeded during the grcwing
season in both natural and agricultural systems. EHence, if
the relationship between water stress and UV-E irradiaticn
observed here holds for other species, under an enhanced
UV-B regime significant reductions in plant growth, carbon
gain and reprcduction might bte expected

of the effects on individual plants, altered competitive
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interactions and community dynamics might be an even more
important result of UV-B irradiation, as has been suggested
by Fox and Caldwell (1978).

Further work is required to extend the results
presented here, particularly in order to examine the
mechanism of the interaction in finer detail and to examine
the interaction over a broader range of stress combinations.
Nevertheless, it does seem clear that an interaction does
exist, an interaction with important ecological implications
in view of the currently predicted anthropogenic reductions

of the ozone layer.
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Figure 3

Patterns of leaf growth, cell division and cell
expansion for the replicate experiment with
Rumex obtusifolius, exposed to enhanced UV-B
\graphs X, C, and E) and contrel (graphs B, D,
and F) treatments while under three levels of
water stress (-0.0 MPa, -0.2 MPa, and -0.4 MPa
rooting medium matric potential). Average
values which are not significantly different
from one another at P = 0,05 are connected by
vertical bars. Asterisks denote days on which
a significant (P < 0.05) interaction was ob-

served between water stress and UV-B
irradiation.
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