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rowing-season
droughts are

common in many
parts of the North-
west and are predict-
ed to become more
frequent and severe
over the coming
decades. Droughts directly and indi-
rectly impact trees by reducing growth,
altering patterns of resource allocation,
increasing susceptibility to pests and
pathogens, and increasing mortality.
Thus, considerable incentives exist to
develop silvicultural strategies that
reduce drought impacts. Strategies for
managing drought stress largely fall
into one of three categories:
1) reducing competition for
soil moisture; 2) altering the
microclimate to reduce tran-
spiration rates (water loss
from leaf surfaces); and 3)
favoring drought-adapted
species. Selecting the right
combination of these
approaches on any given site
will depend on the composi-
tion and structure of current
vegetation, site characteris-
tics, and landowner manage-
ment objectives. As a starting
point, it is useful to consider
the silvicultural tools avail-
able for reducing drought
impacts on both young
regeneration and mature
trees.

Managing drought
impacts on tree
regeneration

Droughts are particularly
challenging for young
seedlings with small root sys-
tems and limited root con-
tact with the bulk soil envi-
ronment. Managing compe-
tition for soil moisture repre-
sents one strategy for reduc-
ing drought impacts on vul-

nerable seedlings. Vegetation manage-
ment treatments applied prior to
regeneration establishment and after
planting can greatly reduce the abun-
dance of competing vegetation. This
reduces the amount of transpiring leaf
area on the site so more moisture
remains in the soil and available to
crop trees.  

Herbicides applied as a broadcast
treatment or as spot treatments in
problem areas are the most common
and usually the most cost-effective
vegetation management tools.
Managers can use varying chemicals,
application rates, methods, and tim-
ings to achieve different levels of con-
trol over various types of vegetation.
Because laws regulating herbicide use
in forestry vary among states and

chemicals vary
in their specificity, mode of action, and
potential environmental impacts, it is
important to use herbicides in accor-
dance with local laws, label specifica-
tions, and relevant best management
practices.  

Alternatively, mechanical cutting
with brush saws can control shrubs
and/or undesired trees, while hoeing
or scalping around seedlings can
reduce competition from grasses and
forbs if applied repeatedly. Plastic or
fiber mulch mats can also be an effec-
tive tool for controlling grasses and
forbs while simultaneously reducing
evaporation from the soil around
planted seedlings. These practices are
typically more expensive than herbi-
cide applications, but they offer alter-

native methods of vegetation
management for landowners
who have small areas to
treat, who choose to avoid
herbicides, or in circum-
stances where herbicide use
is restricted.

Modifying the microcli-
mate that seedlings are
developing in is another
approach to reduce drought
impacts on tree regeneration.
Exposure to high winds, high
temperatures, low humidity,
and high levels of direct sun-
light increases evaporative
demand at leaf surfaces. This
promotes higher transpira-
tion rates, which can reduce
the survival and establish-
ment of young seedlings.
Regeneration cutting meth-
ods like shelterwoods, vari-
able retention harvests, and
group selection cuttings can
all generate varying levels of
shade and shelter to reduce
evaporative demands on
young seedlings. 

The shade provided by
residual overstory trees, how-
ever, can also reduce seedling
growth rates. Additionally,
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Regeneration cutting methods that incorporate partial
canopy cover like this shelterwood cut on Oregon State
University’s McDonald Forest can increase survival and
establishment rates of young seedlings by reducing the
evaporative demand placed on their foliage.



residual overstory trees can compete
with seedlings for soil moisture and
may contribute to health issues for
newly established regeneration if the
overstory trees host dwarf mistletoes or
certain fungal pathogens. Thus, the
benefits of partial shade for reducing
moisture stress during initial seedling
establishment must be weighed against
longer-term impacts on seedling
growth and vigor. Overstory impacts on
seedling growth can be limited by
removing residual trees after seedlings
have become well established or
expanding the size of gaps over time by
harvesting trees around the gap
perimeter. The viability of these options
will depend on broader management
objectives and on the operational feasi-
bility of such treatments.

Planting or encouraging natural
regeneration of more drought-tolerant
species or seed sources represents a
longer-term strategy for reducing
drought impacts. Deep-rooted species
with relatively high ratios of sapwood
(water conducting tissues) to leaf area
and relatively low leaf-level transpira-
tion rates are typically more tolerant of
drought because they can access water
from a larger portion of the soil profile
and have a greater ability to limit the
moisture stress generated by high
evaporative demand on warm, dry
days. As an example, Douglas-fir rep-
resents a more drought-tolerant
option than western hemlock or west-
ern redcedar in moist forests, while
ponderosa pine represents a more
drought-tolerant option than true firs
or Douglas-fir in drier forests (Table 1).

Managing drought impacts in
mature stands

Thinning is commonly suggested
for reducing drought stress in oversto-
ry trees. The rationale is fairly simple:

thinning reduces the amount of tran-
spiring leaf area in a stand (which
reduces water losses from the soil),

reduces the interception of precipita-
tion by tree canopies (so that more
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Scientific Name Common Name Drought Tolerance

Abies amabilis Pacific silver fir L

Abies grandis Grand fir L-M

Abies lasiocarpa Subalpine fir L

Acer macrophyllum Bigleaf maple M

Alnus rubra Red alder L

Arbutus menziesii Pacific madrone H

Calocedrus decurrens Incense-cedar H

Chamaecyparis nootkatensis Alaska yellow-cedar L

Juniperus occidentalis Western juniper H

Larix occidentalis Western larch M

Picea engelmannii Engelmann spruce L

Picea sitchensis Sitka spruce L

Pinus contorta Lodgepole pine M

Pinus monticola Western white pine M

Pinus ponderosa Ponderosa pine H

Populus tremuloides Quaking aspen L-M

Populus trichocarpa Black cottonwood L

Pseudotsuga menziesii Douglas-fir M

Quercus garryana Oregon white oak H

Thuja plicata Western redcedar L

Tsuga heterophylla Western hemlock L

Table 1. Relative drought tolerance of common tree species in the Northwest.
L indicates low drought tolerance, M indicates moderate drought tolerance,
and H indicates high drought tolerance.
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moisture reaches the soil), and reduces
the number of stems (so that an
increased proportion of the soil mois-
ture is allocated to each tree). In gen-
eral, these outcomes should reduce
drought impacts on tree and stand
growth. Thinning has been shown
to reduce moisture stress in a wide
range of tree species, and lower stand
densities have been shown to reduce
drought-related mortality across a
wide range of species as well. These
effects are particularly pronounced in
drier forest types like ponderosa pine
and dry mixed conifer forests. Thinning
can also be used as a tool to reduce
the abundance of drought-sensitive
species and reallocate growing space
toward drought-adapted species.
Under some circumstances, however,
these beneficial impacts related to
drought should be weighed against
other potentially undesirable impacts
of stand density reductions.

Although thinning can increase soil
moisture availability, it can also
increase exposure to environmental
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Dense stand of ponderosa pine and western larch (top) and a similar stand
immediately after thinning (bottom) on the Deschutes National Forest in
central Oregon. Thinning can be a very effective tool for reducing drought
stress in dry conifer forests like this one, but there are tradeoffs to consider
with some species and site conditions across the Northwest.
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extremes, leading to increased mortali-
ty and growth reductions in some situ-
ations. Thinning, particularly heavy
thinning, increases canopy exposure to
wind, snow loads, and direct sunlight,
which contribute to increased evapora-
tive demand and increased risk of
mechanical damage. This is a particu-
lar concern for high-elevation forests
and for some hardwoods in our region.
Red alder and quaking aspen, for
instance, rapidly close their stomata
(pores on leaves through which water
is lost and CO2 is gained) in response to
high levels of evaporative demand,
even when soil moisture levels are rela-
tively high. This stomatal closure in
response to high evaporative demand
can reduce growth due to limited CO2

uptake. Lower stand densities can also
be associated with increased mortality
in high elevation forests during moist
periods as a result of increased expo-
sure to windthrow, cold winter temper-
atures, and damage from heavy snow
loads. Additionally, moderate-heavy
thinning typically reduces net volume
production, which may be undesirable,
particularly on sites where drought
impacts are likely to be less severe such

as coastal sites with regular summer
fog. These factors may potentially off-
set some of the benefits of lower stand
densities during droughts.  

Issues associated with increased
canopy exposure are most prevalent
following heavy thinnings that greatly
open up the canopy. Light-moderate
thinning may still benefit many high-
elevation forests and hardwoods like
alder and aspen during droughts by
increasing moisture availability while
minimizing the increase in environ-
mental exposure that could increase

stress and mortality risk during moist
periods. Ultimately, though, managers
interested in using thinning as a tool for
reducing drought impacts should con-
sider potential interactions with site
conditions and species traits before
applying thinning treatments.  ◆

An SAF member, Matt Powers is an
instructor for the OSU College of
Forestry in Corvallis. He can be reached
at 541-737-6550 or matthew.powers@
oregonstate.edu.
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