MEASURING
WATER STRESS
OF URBAN TREES

Because water is becoming scarce, landscape personnel must be aware of
plant moisture needs and of appropriate methods for measuring

ecause city
trees are often
planted with lit-

tle regard for their
adaptability to the ur-
ban environment, they
are often exposed to
extremely stressful
conditions. One impor-
tant problem is
moisture stress, which
often occurs in
aboveground con-
tainers and in other re-
stricted-space planting
sites in the metro-
politan environment.

A problem with
measuring the water
status of individual
trees is the often poor
correlation between
soil moisture and plant
growth. Because water
absorption by tree
roots is largely con-
trolled by the rate at
which water is lost in
transpiration, moisture
deficits can develop in
trees—even in moist
soils. In addition, trees
planted in wet sites (a
condition not uncom-
mon in many urban
areas) may still have
water deficits. This is
because saturated soil
conditions result in poor aeration and
subsequent reductions in water ab-
sorption.

Consequently, soil moisture status
is not always a good indicator of plant
water status. The most reliable mea-
surement of plant moisture involves
estimates made on plant tissue itself.

Relative water content
Water content, the amount of water

64 LANDSCAPE MANAGEMENT/JUNE 1988

plant water stress.

by Bruce R. Roberts, USDA

Trees in the urban environment are often exposed to moisture
stress, a situation which frequently occurs in aboveground

containers and in other restricted-space planting sites that are
characteristic of metropolitan environments.

contained in plant tissue, is probably
the most common method used to de-
termine plant water status. However,
expressing the amount of water in
plant tissue by itself is impractical; it
cannot be compared with measure-
ments made from other plants or from
other tissue on the same plant. So a
common frame of reference is needed.
Turgid weight (the maximum amount
of water the tissue will hold) is fre-

quently used as this
reference point.

Relative water con-
tent (RWC) is deter-
mined by obtaining the
fresh weight of leaf
tissue (either leaf discs
or entire leaves) and
measuring its turgid
weight after an appro-
priate equilibration pe-
riod.

Turgid weight is ob-
tained by floating the
tissue on water or by
placing it on water-sat-
urated polyurethane
foam in a moist cham-
ber for a prescribed pe-
riod of time. The same
tissue is then oven-
dried to a constant
weight and RWC cal-
culated from the fol-
lowing equation:

RWC equals fresh
weight minus oven
dry weight divided by
turgid weight minus
oven dry weight times
100.

From this equation
we can see that RWC
provides a measure of
water content relative
to the maximum
water-holding capacity
of the tissue (i.e. 100%
RWC = 0 plant water deficit).

Thermocouple psychrometry
Thermocouple psychrometry is used
to measure the water potential or
physiochemical activity of water in a
plant system against a base measure of
water. As such, it is probably the sin-
gle best measure of plant water stress
available.

In recent years, psychrometers



psychrometer technique.

have come into general use and com-
mercial units are available for
measuring water potential in the field.
Briefly, measurements are obtained
by recording the relative humidity in
a small, sealed chamber containing
the plant sample and a reference ther-
mocouple. The newer psychrometer
units use thermocouple transducers
which eliminate the need for precise
temperature control and make the in-
strument more practical for field use.

Although some possible sources of
error are associated with the psy-
chrometric technique, they can be
largely overcome by modifying cur-
rent technology. Modifications of ex-
isting equipment have been made to
permit water potential measurements
tobe made on tree trunks as well ason
intact leaves and roots.

Pressure equilibration

An excellent method for measuring
water stress of woody plants, particu-
larly in the field, is the pressure equi-
libration or pressure bomb technique.
This procedure, first introduced in
1965, has been widely used in recent
years.

In actual operation, a single leaf or
leafy shoot is sealed in a pressure
chamber with the cut end of the sam-
ple protruding outside the chamber. It
is exposed to atmospheric pressure.
Then pressure is applied to the cham-
ber from a tank of compressed gas un-
til xylem sap appears at the cut end of
the sample. The amount of pressure
needed to force water out of the leaf
cells into the xylem and up to the cut
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surface is approximately equal to the
original water potential of the cells. If
consistent sampling and measuring
procedures are followed, this method
should give very reliable information
on the water status of urban trees.

The three techniques previously
described have enjoyed wide accep-
tance and use over the years. This
does not mean that other methods are
not available for measuring water
stress, but most have disadvantages
which limit their usefulness for urban
trees in the field.

In addition to the aforementioned
direct procedures, other indirect
methods for estimating water stress
may have applicability for use with
urban trees.

Stem diameter changes

This procedure uses an instrument
developed by scientists at Battelle
Memorial Institute referred to as the
Ceresdevice. Itis based on the physio-
logical principle that as water moves
out of living cells into the transpira-
tion stream, it causes the cells to
shrink. This shrinkage in cell size
causes a small but detectable decrease
in stem diameter.

The Ceres device measures these
changes by means of strain gauges and
a pressure transducer. As stress in-
creases within the strain gauges, elec-
trical resistance also increases,
yielding data on sensitive alterations
in stem diameter.

The Battelle instrument is similar
in principle to earlier measuring de-
vices referred to as dendrographs or

dendrometers, but technology has im-
proved the sensitivity of these newer
instruments.

The concept behind the Ceres de-
vice and similar measuring systems is
based on the cohesion theory. Water
confined in small capillaries can with-
stand very low negative pressure po-
tentials because of the strong
attractive forces that exist between
water molecules. Thus, micro-
contraction of water conducting ele-
ments occurs when moisture in the
plant is subjected to a water potential
gradient. The amount of contraction
is proportional to the degree of stress.

Leaf temperature changes

Relative differences in moisture
stress between plants can be esti-
mated by measuring leaf tem-
perature. This concept can be
particularly useful in establishing ir-
rigation regimes for landscape plants
in urban and suburban environments.

If transpiration decreases (assum-
ing that other factors such as solar ra-
diation and wind velocity remain
relatively constant), the decrease in
heat exchange between the plant and
the atmosphere will result in an in-
crease in leaf temperature. Thus, a
sensitive measure of temperature dif-
ferences between plants (preferably
between plants known to be well wa-
tered and others) may indicate trans-
pirational and water status dif-
ferences. This principle has already
been used to measure relative water
stress of plants in the field.

One of the problems with using
leaf temperature to estimate plant
water status is obtaining uniform
samples.

It stands to reason that a leaf per-
pendicular to the sun will be warmer
than one at an angle or one completely
shaded. Because of this sampling diffi-
culty, in the past the difference be-
tween leaf and air temperature has
been used to predict relative water
stress. However, studies have shown
that leaf and air temperatures are not
always correlated. Leaves are often
warmer than the surrounding air dur-
ing the day and cooler at night.

Recent developments in infrared
thermometry have largely overcome
many of these sampling problems so
leaf temperature measurements may
become a very useful technique for
estimating the relative water status of
urban trees.

Transpirational modeling

In this age of computer technology, it
seems only fitting that one of the pos-
sible techniques for estimating plant
water stress involves computer mod-
eling of moisture loss from individual
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equilibration technique.

tree crowns. A recent study using two
species of maple suggests that this
technique may have practical applica-
tion for problems associated with tree
maintenance, especially in determin-
ing irrigation strategies.
Transpiration water loss is com-

Measuring the water status of woody plant tissue using the pressure

puted by taking the net flux density of
incident radiation minus con-
vectional net energy loss minus con-
ductional energy loss divided by
latent heat of vaporization of water.
The authors of this research sug-
gest that their model functions best

when the modeled trees are under rel-
atively low levels of soil moisture
stress.

Summary
The growth and development of ur-
ban trees is probably influenced more
by plant moisture than by any other
single factor. In a time when water
resources are becoming scarce, pru-
dent use of existing water supplies be-
comes an important management
decision. Part of this decision process
involves understanding the moisture
needs of urban trees and learning the
methods for accurately estimating the
water status of woody plant tissue.
Relative water content, ther-
mocouple psychrometry, and pres-
sure equilibration are recommended
as readily-adaptable field techniques
for measuring plant water rela-
tionships in urban trees. Monitoring
sensitive changes in stem diameter,
leaf temperature, and transpirational
water loss are also potentially useful
methods for indirectly estimating
plant water status in the field. LM

Bruce R. Roberts is research plant phys-
iologist with the United States Department
of Agriculture based in Delaware, Ohio.
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