Variations in overall average daily gains
between years may be a reflectionof residual dry matter differences at the onset of
each trial.
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Blue oaks withstand drought
Douglas D. McCreary
nia since March, most observers felt the
reason for the trees changingcolor so early
was drought. This is consistentwith knowledge of tree physiology. During drought,
soil moisture becomes depleted more rapidly thanusual, and by midsummer, little is
available for plants. By dropping their
leaves, trees greatly reduce their
moisture requirements, minimizing the
potentially disastrous consequences
of dehydration.
Oaks have turned brown prematurely
Inmid-August 1987,manyoaktreesinCalifornia began turning brown and dropping before, most recentlyduring the drought of
their leaves. While most of the trees affected 1976-77. In the summer of 1976, after a dry
were deciduous species that normally lose winter, many oak trees reportedly changed
their leaves each year, this event was un- color and lost their leaves early. The
usual in that it happened about three following winter was even drier than the
months “ahead of schedule.” During most preceding one, and many trees had little
years, deciduous oaks don’t change color or no foliage during the next spring and
until the short days and cold temperatures summer. During the following winter,
of November.
The occurrence of brown trees was widespread, ranging from southern California
to the northern portions ofthe Sacramento
Valley. Not all trees were affected, however. In general,dense standswere the most
severely affected; trees in clumps or thickets began changingcolor while most single
trees in the open remained green. It also
appeared that trees in shallow, rocky soils,
or on south-facing slopes, were affected
more than those in valleys or swales. One of
the principal species affected was Quercus
douglasii, commonly called blue oak. This
speciesoccurson vast ranges in the foothills
Rainfall year
surrounding California’s Central Valley.
Because the winter of 1986-87-hadbeen Fig. 1. Yearly rainfall at the field station. The
exceedinglydry (fig. l),and there had been winters of both 1986-87and 1987-88were exlittle or no precipitationin much of Califor- tremely dry.

Many blue oaks in Californialost
their leaves early in 1987and 1988
afterprolongedperiodsof low rainfall. A study found that summer defoliationhad little short-termeffect
on growth or survival, suggesting
that blue oaks are well adapted to
withstandperiodic droughts.

however, when rainfall returned to normal,
most trees apparently recovered. By
spring, normal growth patterns resumed,
and green foliage remained on the trees
throughout the summer and into the fall.
Although most oak trees that turn brown
early survive and recover the following
winter, the effects of drought on the trees
are not known. It is reasonable to assume
that severe moisture stress prompting leaf
loss is not good for trees. Shedding foliage
early eliminates the apparatus for photosynthesis. As a result, growth is reduced,
and trees may become more susceptible to
insect and disease attacks.
Since current photosynthate is also used
for acorn development, the loss of
foliage before acorns have fully ripened
(usually in October)probably retards acorn
developmentand maturity. This may negatively affect wildlife speciesthat rely heavily on acorns for food. It probably also
reduces the number of acorns that will become sufficiently mature to germinate in
the soil and develop into seedlings.
A study was undertaken to identify some
of the effects of drought on blue oak trees.
The goal was to documentwhat happens to
trees in the Sierra foothills that turned
brown so early in 1987by monitoring survival, bud burst, and acorn production.

Methods
Two adjacent 100-treeplots of blue oaks
were established in mid-August 1987at the
Sierra Foothill Range Field Station.
These plots were selected because the oaks
in them varied greatly in degree of browning from healthy looking green trees with
abundant foliage to those that had turned
completelybrown or were bare. Therewere
no obvious sitefactorssuch as slope, aspect,
or soils to explain the differencesin browning. The plots were at an elevation of approximately 600 feet and ranged in size
from 0.6 to 1acre.
Within each plot, all trees larger than 3
inches diameter at breast height (DBH)
were tagged with aluminum tags, and
sequentially numbered from 1 to 100. As
each tree was tagged, it was assessedfor the
degree of foliage browning, leaf loss, or
both,andgivenadefoliationrating(table 1).
In September 1987, each tree was evaluated again. DBH was recorded and each
tree was given a visual acorn rating according to a standard rating systemon a scale of
1to 4 developed by the California Department of Fish and Game for assessing California oaks (see table 2 footnote). In addition, the percentage of dead branches on
each tree was recorded. Each tree was also
given a dominance rating indicating
whether it was suppressed, intermediate,
dominant, or co-dominant.
Starting in February 1988, each tree was
evaluated twice a week to determine leaf-
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Trees in the study plot showed extensive browning in mid-August 1987,
following an extremely dry winter and little or no rain after March.
out date and survival. Leaf-out was the date
when green foliage could first be observed
emerging through the bud scales.
All trees were evaluated again the following year. The rainfall season 1987-88was
also dry, and many of the trees within the
plots began turning brown again prematurely, though several weeks later than
during the preceding summer. In early
September 1988, each tree was rated for
defoliation, followed by an acorn evaluation later in the month and a leaf-out assessment the following spring. For each of
these evaluations, the same rating criteria
were used as in the previous year. In 1989,
normal rainfall patterns resumed and all
trees remained green into the fall.

Analysis
The initial analysis examined whether or
not there were significant relationships
between the degree of defoliation and subsequent growth and development, including survival, acorn production, and leafout date. Since the means of the variables
were very similar for each plot, the data
were combined and correlations between
variables were calculatedusing 200 pairs of
observations(onefor each tree). An analysis of variance was also used to compare
leaf-out date between trees from several of

Sewre I& loss

457

L

25

p"

10

loss) in 1988and 6 days earlier in 1989 (fig.
2). Both of these differences were statistically significant.
There are numerous possible explanations
for this surprising relationship. From an
anthropomorphic standpoint, one could
hypothesize that trees that lost their leaves
early were trying to "catch up" by beginning growth sooner. More likely, some
trees were genetically more sensitive to
changesin growingconditions. These trees
may have responded to an unfavorable dry
environment by losing their foliage, and
responded to favorable spring conditions
by rapidly developingnew leaves. It is also
possible that microsite conditions causing
greater moisture stressfor some trees in the
Resultsand discussion
summer also favored early bud burst in the
All 200 trees survived both years' defolia- spring. Perhaps those trees lost their leaves
tions and leafed out the followingsprings. early because air or soil temperatures in
There were marked differencesin leaf-out their immediateenvironment were slightly
date, however, dependingon the severity of warmer than for neighboringtrees. If temdefoliation the previous summer. For both peratures were also warmer the following
the first (r = -.43)and second year (r = -.42) spring, earlier bud burst could be stimuthere was a significant negativecorrelation lated. These trees are being evaluated for
between defoliation rating and leaf-out bud burst this spring to determine if these
date. That is, defoliatedtrees tended to leaf leaf-outpatterns are the sameafter a normal
out earlier than those that remained green. rainfall year when no premature leaf loss
The most severelydefoliated trees (greater occurred.
There was little relationshipbetween tree
than 95%leaf loss) leafed out 7days earlier
than the least defoliated (lessthan25%leaf size, percent dead branches, or dominance,
the defoliationgroups. In addition,defoliation was correlated with DBH, the percentage of dead branches, and dominance rating to determine if size, health, or position
in the stand influenced which trees turned
brown early.
Since each tree was evaluated for two
consecutiveyears, we alsocorrelated defoliation rating, acorn production, and leafout data between years to find out if there
was a consistent pattern in these variables
over time. Cross-tabulationtables showing
the number of trees in each defoliation and
acorn category are provided. All differences reported as significantwere at the p
50.01 level.
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Fig. 2. Average leaf-out date the spring after
summer leaf drop. Defoliated trees leafed out
earlierthan least affected trees.
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Normal rainfall patterns resumed in 1989,and the same trees were just
beginning to turn brown toward the end of November.
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and degreeof defoliation. The only significant correlation in either year was between
DBH and defoliation in the first year. In
this instance, smaller diameter trees tended
to have greater leaf loss, although the variability in DBH accounted for only
about 5%of the variability in defoliation.
Effortsto compareacorn production with
defoliation were hampered by the fact
that overall acorn production was relatively low each year, with fewer than 30%
of the trees having any visible acorns and
no trees with a rating of 4. However, there
was a sigruficantnegative correlation(r =
-27) between these variables the first year,
indicatingthat greater defoliationwas associated with less acorn production. It is possible that this relationship was even
stronger than indicated, since the data may
have been biased by the fact that it was
easier to observe acornson defoliated trees
since the foliage did not obscure them.
There was not a significant correlation the
second year.

Trends
There were significant correlations between defoliation, leaf-out date, and acorn
production fromyear to year. The strongest
relationship was for defoliation (r = .87).
The same trees that turned brown early in
1987alsodid so in 1988(table 1).This similarity may be due to physiological condition, microsite differences, genetic factors,
or a combination.
There was also a consistentpattern of leafout date between years (r = .86). Trees that
leafed out early the firstyear also did so the
second. However,the averageleaf-out date
the second year was more than 2.5 weeks
later than in the first year (fig. 2). Such a
large difference in leaf-out date suggests
that growth initiationand cessationin blue
oaks are very sensitive to changes in environmental conditions.
The correlation of acorn production from
year to year was weaker, but also highly
s i e c a n t (r = .32) (table2). This supports
the current view that certain trees are consistentlybetter acorn producers in a stand,

even though the actual magnitude can
fluctuate greatly from year to year.

Conclusions
The results of this study suggest that
summer defoliation of blue oaks from
drought has little short-term impact on
growthor survival. Even after two consecutive years of early leaf loss, not one of the
200 trees died. In early fall 1989, all trees
were leafed out and appeared healthy with
very little leaf loss. While size, dominance,
or the percentageof dead brancheshad little
relation to defoliation,trees that lost leaves
early tended to leaf out earlythe following
spring.

California's blue oaks are apparently well adapted to withstand the adverse effects of periodic droughts. It is
still too early to tell if drought has longer
term consequenceson the susceptibility of
blue oaks to insects or diseases. Plot trees
will be monitored for another 3 years to
evaluate these relationships.
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Selective oak removal does
not harm water quality
I MichaelJ. Singer

Xiaohong Huang
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Charlette Epifanio

Water measurementsbegan in 1980before
the selectiveremovalof oak trees on the two
watersheds. In this report, we discuss the
effects on the254.4-acrewatershed with the
perennial stream. Oaks were harvested on
about 14%of the watershed beginning in
July1984and endingin May 1986. Approximately 1,350 trees were removed on 37
acres.

Measurementsbefore and after
removal of oaks from 14% of a 250acre watershedindicated small but
not statisticallysignificantincreases in the runoff/rainfall ratio
and no change in nutrient or sediment removal. Careful,selective
oak removal appeared to have no
harmful effect on water quality.
For the past 10 years we have measured
amounts of rainfall and runoff, and concentrations of suspended sediment, major cations and anions, pH, and electrical conductivity in two watersheds at the Sierra Foothill Range Field Station. One has a perennial flowing stream, and the other, a stream
that flows only in the winter. The watersheds are used for winter and spring grazing by beef cattle, and our purpose was to
learn what effectsselectiveoak removal for
range improvementwould have on watershed hydrology and water quality.
The uppermost portions of the watersheds were clearedof all trees between 1964
and 1966 to enhance range production.
There was no further management of the
watersheds until 1984 when additional,
selective oak harvesting was initiated.
Cutting and removal of the trees by a firewood contractor was done primarily during the dry summer months to minimize
watershed disturbance. Nonmerchantable
wood was piled and, after a few years,
burned.

Resultsand discussion
Water yield. An annual average 27.5
inches of rainfall was measured in the watershed during the last nine years. The average consists of two heavy rainfall years
(1981-82 and 82-83) and several years that
were well below the station average of 29
inches a year (table 1). Runoff from the
watershed varied between 3 and 30 inches
and averaged 15.8inches. The annual ratio
of runoff to rainfall varied between 0.143
and0.775(tablel). Thisratioisusefulwhen
comparingrunoff among years.
There was no statisticallysignificant difference between the average precut and
postcut rainfall, runoff, or runoff /rainfall
ratio for the watershed. Rainfall (34versus
22 inches) and runoff (18 versus 14inches)
were higher in the four precut years than in
the postcut years, and the ratio was slightly
higher postcut (0.610) than precut (0.489).
We conclude that careful removal of this
small area of oaks did not have a major
impact on water yield. Thereis a possibility
that there may be a long-term increase in
water yield. If the first postcut year is not
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