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BY DAVID SHAW AND PAUL OESTER

alifornia is in
the midst of a

major drought, espe-
cially in southern
and central Califor-
nia (http://1.usa.
gov/1S2OaMK),
but also scattered
throughout the rest
of the state and into
southern Oregon.
And trees are dying!
A lot of them. What
is killing the trees
right now? Bark bee-
tles (http://bit.ly/
1U4reiC)! After per-
haps 3-5 years of
severe drought, trees are dying, and
insects and diseases are likely playing
a major role. Although trees can die
directly from drought, insects and dis-
eases often exacerbate drought’s effect.

California has set up a “tree mortal-
ity task force” (www.fire.ca.gov/tree-
taskforce/) and they are asking
landowners to remove dead trees as
fast as possible for fuels reduction and
sanitation purposes. Sanitation is the
removal of the pest from the site. In
this context, if trees with beetles in
them can be harvested and processed,
it is thought that the number of insects
will be reduced as will damage in
neighboring forests. Although this is
pretty difficult to do, and may not be
effective, there are benefits to harvest-
ing quickly. 

In southern and central Oregon and
the Willamette Valley, we are witness-
ing a general die-off of Douglas-fir at
the low elevations and in oak wood-
lands, and on especially droughty
sites. This die-off is associated with a
delayed drought effect, where the
drought that culminated in late fall of
2015 had a major effect on tree condi-
tion, and mortality is just now being
seen. The mortality is often associated
with bark, twig, shoot and root-feeding
beetles and weevils, the flatheaded fir
borer, root diseases, and fungal canker

diseases. The exact pest present on
any tree depends on tree size and eco-
logical setting where the tree is grow-
ing.

Managing in the face of drought

Managing forest insect and diseases
associated with drought generally
involves doing everything you can to
maintain individual tree vigor and
health. This includes picking the right
tree for the site, using appropriate
seed sources, maintaining good grow-
ing space, controlling competing vege-
tation, and avoiding logging practices
that wound tree roots and boles, and
compact and displace soils. Doing
general roadside and plantation activi-
ties during flight and search period for
root and root collar weevils, and root
bark beetles, can increase impacts by
attracting these insects that may vec-
tor black stain root disease. Drought
exacerbates the normal issues that are
usually managed for in Northwestern
forests.

The impacts of drought on forest
plantations, and subsequent impacts
from insect and pathogens, relates to
the age and silvicultural treatment his-
tory of the stand. Management
options also depend on the long-term
plan for the plantation, such as man-

aging for short-rotation economic
forestry or unevenaged individual tree
selection forestry. It can be quite a
challenge if drought has not been a
problem and you now find you must
manage for it. Although thinning is
thought to be the number one silvicul-
tural technique used for management
of drought impacts, this can be a
short-term solution that must be fol-
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Douglas-fir bark beetles found
initiating a gallery in a drought-
stricken Douglas-fir. The female
initiates gallery construction and is
joined by the male who is attracted
by an aggregation pheromone.
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lowed with subsequent treatments in a
timely manner, i.e., more thinning.
Remember, with pine engraver beetles
that build up their populations in log-
ging and thinning slash, drought can
elevate susceptibility to green trees
and cause increased mortality if the
slash is not treated or managed prop-
erly, such as creating it in late summer
and fall.

Assisted migration is also proposed
as a drought management technique,
but this is replete with issues and
should be avoided unless there has
been proven testing of seed sources,
i.e., provenance trials in your region. It
is generally known that moving trees
from drier regions into wetter regions
will likely result in higher impacts from
foliage diseases, and trees that grow in
drier regions tend to be more drought

tolerant. But the timing of movement
could be important, i.e., one would
have to wait until the wetter area
“dried out” to begin moving non-local
seed sources into another region. In
addition, patterns of precipitation can
still vary in a drought. For example,
May and June can be wet even in a
drought year. If this occurs, foliage dis-
eases and rust fungi may increase even
in the face of drought.

Insects and diseases associated
with drought

Drought is thought to weaken trees
and make them susceptible to insects
and diseases. Although this is generally
true, it does not occur for all insects
and diseases. For example, vigor does
not appear to be an issue in laminated
root rot infection, while vectors of
black stain root disease are attracted to

stressed trees and rarely attack healthy
individuals.  

The primary conifer forest insect
pest groups thought to be enhanced
by drought in the Pacific Northwest
include bark beetles, weevils, and the
flatheaded fir borer. Other insects such
as aphids and some defoliators (inch
worms, sawflies, and grasshoppers)
have been reported to increase follow-
ing drought. Bark beetles such as the
Douglas-fir beetle on >11 inch
Douglas-fir, the fir engraver on true
firs, and western pine beetle and
engravers (Ips species) on ponderosa
pine are widely known to increase tree
mortality following drought or during
longer droughts. Perhaps less well
known, but increasingly important in
plantations, are reproduction weevils
that feed on roots and twigs. Several
reproduction weevils and a root-feed-
ing bark beetle are known vectors of
black stain root disease, which is
increasing in prevalence in westside
Douglas-fir plantations. We have also
seen an increase in Douglas-fir twig
weevil causing twig and branch mor-
tality in Douglas-fir plantations.

Forest diseases most closely related
to drought are the canker and
shoot/twig diseases. These diseases
are caused by fungi that kill bark in
localized regions of the twig and
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Douglas-fir trees that died during a
drought that also had Douglas-fir
beetles attack the tree. Note the
“stress” cone crop (small abundant
cones formed in the year before
death). The trees are growing in an
ephemeral wet area that likely
caused the trees to have very shal-
low roots. When drought struck, the
roots were completely dried out.
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stem. In Douglas-
fir there are a few
common canker
diseases that kill
branches and tree
tops, including
Phomopsis
canker. In pon-
derosa pine,
Diplodia tip blight
is very closely
associated with
drought stress. In
true fir we expect
a Cytospora
canker to be
important. These
fungi may live in
the tree endo-
phytically, without
harming the tree,
and then cause
damage when the
tree is stressed,
although our real
understanding of
this phenomenon
is poor.  

Root disease
interactions with
drought are
dependent on the
disease. Armillaria
root disease is often associated with
stress, and we therefore anticipate
increased Armillaria activity associated
with drought stressed trees. In general,
however, we feel that trees that are
already infected with root diseases will
be less able to deal with drought due
to reduced root function and area, and
therefore are likely to have dieback or
die outright. In the same vein, dwarf
mistletoe in conifers is not enhanced
by drought stress, but on branches and
trees already infested, the dwarf
mistletoe may cause more branch and
top dieback, or tree mortality.

Hotter drought

Finally, the issue of a hotter drought
has emerged as a major factor in
potential tree mortality.  This is associ-
ated with the relationship between
vapor pressure deficit and tempera-
ture. Vapor pressure deficit (VPD) is
the difference between the amount of
water in the air and the total amount
of water the air can hold. When the
temperature is hotter, the air can hold

more water. Therefore, in a hotter
drought, the VPD is often higher, and
the pull on water from the tree is
increased, adding to water stress.
Insects and diseases that interact with

tree stress may be enhanced due to a
hotter drought because of increased
tree stress.

Summary

Although drought can kill trees
independent of insect pests and forest
diseases, all these factors are often
found together, and many trees that
could survive drought will perish due
to pests and pathogens. In addition,
drought is thought to enhance the
population size of bark beetles and
other pests so that even after the
drought is abated, bark beetles and
root diseases will continue to kill trees
for several more years. Drought can
impact a tree so that it does not die
immediately, and may over-winter
green and fade in the following spring.
In many cases, no consistent group of
pests will be on drought-killed trees,
although in other cases, a major pest
will occur on almost every tree. Long-
term management of plantation
health involves silvicultural tools that
anticipate drought effects.  ◆

Dave Shaw is an Oregon State
University Extension Forest Health spe-
cialist in Corvallis. He can be reached
at 541-737-2845 or dave.shaw@oregon-
state.edu. Paul Oester is an OSU
Extension forester based in LaGrande,
Ore. He can be reached at 541-963-1010
or paul.t.oester@oregonstate.edu. Both
are SAF members.
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Ponderosa pine with Diploidia tip blight near Troy, Ore.
This disease typically infects trees planted “off site” or
those weakened by drought or other agents. Look for
drooping needles and dead twigs scattered in the tree
crown, and infected twigs will be shrunken with thick
resinous tissue. Physical damage is also thought to trig-
ger latent disease. In this particular case, a violent hail
storm may have precipitated the Diplodia-caused damage.




