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BY DANNY NORLANDER

ater resource
conflicts exist

in any water-related
environment, from
human conflicts over
water availability and
allocation all the way
down to a cellular
level with differing osmotic potentials
affecting cellular function. When short-
or long-term changes occur in a sys-
tem it takes time to adjust to the new
state. With drought, many species-spe-
cific adaptations exist that enhance or
detract from the ability to cope with
decreased water availability. Managing
for the future becomes more compli-
cated as managers need to match the
site characteristics, future climate vari-
ables, and tree species adaptations to
maintain a health stand.  

Following is a short review of differ-
ences between climate, weather, and
where drought falls in this spectrum.
Climate is the long-term average of the
weather for a specific location over a
long time period (i.e., centuries).
Weather is the atmospheric condition
at a given point in space and time.
Droughts, or the opposing wet peri-
ods, are climatic anomalies that fall
somewhere in the middle of the long-
to short-term climate-weather spec-
trum. I was once told that climate
equates to the clothes you have in
your closet and the weather to what
you wear each day. So what if you can-
not change your clothes? This is the
predicament that trees find them-
selves in. 

Trees can adjust to seasonal differ-
ences and we see this in fall leaf drop,
spring flush of foliage, and hardening-
off to protect from freezing tempera-
tures. These are often responses trig-
gered by time of year, day length, or
average temperatures. As the weather
changes from year to year, trees can be
adversely impacted as the dynamic
environment changes in their static
location.

Plants in general pull water from

the soil reservoir, passively move it
through their stems and then release it
into the atmosphere through stomata
on their foliage. This bulk movement
of water relies on the vapor pressure
deficit (VPD) on the surface of the
foliage. As temperature, air movement,
or relative humidity change, the differ-
ence between the inside of the leaf
and the external air either increases or
decreases. The result of this change
drives the plant’s reaction to the envi-
ronment, effectively changing its
clothes. When the VPD increases to a
point that puts excessive stress on the
plant’s ability to move water, the stom-
ata closes, effectively cutting off mois-
ture transport from soil to air. 

Through time (eons, epochs, really
large time scales) trees have evolved to
specific climates. This is why we see
shore pine on the coastal strip,
Douglas-fir throughout the coast
range, various alpine species at tim-
berline, and juniper in central Oregon.
Plants have evolved to deal with the
intricacies of their climates in different
ways. This can take the form of specif-
ic adaptations including different pho-
tosynthesis pathways or a change in
the way a plant mitigates the increased
water stress placed on it during dry
times. The latter includes traits associ-
ated with hydraulic conditions like iso-
hydric and anisohydric tendencies,
and resistance to cellular embolism
that can hinder water transport.

The degree to which plants are iso-
hydric or anisohyric determines the
amount of tension that is placed on the
soil-plant-atmosphere continuum
(SPAC). The SPAC is the connected col-
umn of water that reaches from the soil
reservoir through the plant and into the
air through the stomata in the foliage. If
too much tension is placed on that col-
umn it can snap, creating an embolism
in the plant tissue (a cavitation) and the
loss of the ability to transport water in
that portion of the stem.  

Isohydric plants attempt to main-
tain a fairly consistent level of internal
water stress to limit the amount of
cavitation that occurs, thus preserving
the ability to conduct water through
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the stem. This is an advantage in envi-
ronments where a wide range of mois-
ture regimes dominate or where there
is difficulty in refilling embolized cells
(i.e., if you are a tall tree). Water ten-
sion levels inside trees are largely
accomplished through stomatal con-
trol incorporating various processes
related to transpiration and water
potentials from the roots to the cells
that are the transition from leaf to
atmosphere. Most trees fall toward the
isohydric side of the spectrum.

On the other hand, anisohydric
plants leave their stomata open in a
much wider range of moisture condi-
tions. They risk cellular cavitation but
are able to maintain gas exchange and
the ability to photosynthesize in a
broader environmental range. There
are some distinct tree species that are
anisohydric like juniper, alder, and
aspen—species that grow in fairly dif-
ferent ecotypes.

Is one method of water stress regu-
lation better than another? The short-
est answer is: “it depends.” While that
may not be satisfying to read, there are
tradeoffs to both systems, and we can
even add in a third type: some species
are isohydrodynamic (they maintain a
water potential relative to that of the
soil reservoir as it changes seasonally). 

On one hand, isohydric plants are
able to maintain the moisture in their
systems so they do not have to spend
valuable moisture and time refilling
the water column or cavitated cells.
With closed stomata, trees are not able
to exchange gasses with the atmos-
phere, a necessity for photosynthesis,
while respiration continues to utilize
the non-structural carbon stores. If
drought conditions persist for longer
periods, isohydric trees begin to expe-
rience carbon starvation. They simply
start to run out of carbon for the respi-
ration process needed for growth.
When isohydric trees experience a
short-term water stress event, they are
less prone to loss of effective water
transport. Anisohyrdic trees, on the
other hand, will maintain their carbon
levels via photosynthesis through a
larger range of environmental condi-
tions, but in the case of short-term
droughts (weeks or a season) or peri-
ods with high transpiration demand,
they can have excessive cavitation
leading to mortality.

An example of the differences
between the two modes was seen in
the piñon-juniper woodlands in New
Mexico during the summer of 2013.
Following several years of drought
conditions, all the trees were under
stress. There were abnormally high
levels of juniper (an anisohydric
species) mortality being observed with
no biotic agents involved, while the
piñon (an isohyrdric species) were still
green and alive in the same locations.
As the year progressed, the monsoons
began and trees began to recover.
Some of the piñons still died, but not
on the same scale as the juniper.

Management implications

Neither of the above species are
managed in the Pacific Northwest
(except for removal of juniper), so
what are the management implica-
tions of a tree’s physiological response
to water stress? 

Multiyear droughts place increased
stress on trees and reduce their photo-
synthetic ability (why we see reduced
radial growth in dry years), which also
puts a greater strain on non-structural
carbon used in part to defend against
biotic agents like bark beetles and
decay fungi. Current shifting climates
will move ecosystems to higher stress
states, potentially resulting in increas-
ing mortality events. No matter how a
species has adapted to drought,
longer, hotter, and drier conditions
become more costly on an individual
level that will ripple out to the larger
population.

Careful consideration of the site is
important when attempting to miti-
gate drought impacts. Throughout
much of the more visibly impacted
areas, trees growing on more marginal
sites exhibit more damage, including
areas in the Willamette Valley that
have a high clay proportion in the soil,
on shallower, rocky slopes, and on the
edges of stands. These environments

have characteristics that limit available
soil moisture or increase the transpira-
tion demands on trees. In some cases,
sites where trees have done reasonably
well in the past may not be appropri-
ate for future plantings or may need a
management shift to a different
species that is more drought tolerant.

When resources become scarce,
reducing competition on the trees can
help in dry times. Examples include
reducing the stocking level or reducing
competing vegetation. Trees, brush,
and grasses all contribute to a
decrease in soil moisture and in turn a
lower availability for the standing
trees. Fertilization has a similar effect
where the tree will increase the above-
ground biomass disproportionately to
the roots. The result is that roots are
unable to support the demands of the
rest of the tree, which has the same
effect as decreasing the water supply.
In isohydric species this unbalance
increases the relative strain on stored
carbon in the roots and can lead to
more rapid carbon starvation.

With increasing climatic variability,
it is even more important to build
resilience into forests. Some foresters
favor assisted migration, others argue
that short rotations will allow individ-
uals to adapt to new local conditions.
On the whole, managing for drought is
largely dictated by the end goals.
Managers with longer rotation time
frames will inherently be impacted
more than those on a shorter cycle.
However, uncertainties in future cli-
mates make it difficult to determine
the best approach. ◆
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