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WATER USE BY EMORY OAK IN SOUTHEASTERN ARIZONA

Peter F. Ffolliottl and Gerald J. Gottfriede

Conservation and sustainable use of oak wood-
lands in southeastern Arizona within the frame-
work of integrated resource management requires
more knowledge about their ecological function-
ing, in particular the water use of both individual
oak trees and stands of oak trees. Water use by the
oak trees affects the water budget and therefore
the responses of other ecosystem components.
Tree harvesting and regeneration, and vegetative
conversion treatments, are likely to change the
proportion of water available to other parts of the
hydrologic cycle. There are also questions concern-
ing how oak trees adjust their water demands and
become established, survive, and grow on relative-
ly dry sites. Understanding oak ecophysiology is
critical to understanding the dynamics within
these ecosystems. Knowledge about the relative
water use of oak trees could influence decisions
related to reforestation strategies. The initial re-
sults of a study designed to increase such knowl-
edge are reported herein.

Study Methods
Water use by mature and sprout forms of Emory
oak (Quercus emoryi) trees was estimated by the
sapflow velocity method (see below) on two sites
in the oak woodlands of the Coronado National
Forest in southeastern Arizona. The two sites lie
on a south- facing slope of the Huachuca Moun-
tains in the San Rafael Valley along the inter-
national border. The dominant soil on the two
sites, at 1750 m in elevation, is the Casto- Martinez-
Canelo type formed from parent materials con-
sisting of mixed sedimentary and igneous rock
(Hendricks 1985).

The oak woodlands on these sites are repre-
sentative of the more extensive encinal (oak)
woodlands found in the U.S. Southwest and north-

'School of Renewable Natural Resources, University of
Arizona, Tucson
2USDA Forest Service, Rocky Mtn. Research Station,
Flagstaff, AZ

ern Mexico. Selective cutting of fuelwood last took
place on one site in 1980 under permits issued by
the USDA Forest Service, whereas fuelwood
harvesting last occurred 100 years ago on the other
site. Stocking conditions on the former are indica-
tive of a site that had been recently harvested for
fuelwood; the latter site mimicked the stocking
conditions commonly encountered in unharvested
oak woodlands.

Mature trees (60 years and older) with a few
scattered stump sprouts and root suckers com-
prised the oak community on the unharvested site,
where five of the mature trees were sampled. Ma-
ture trees (standards) and a few pre- and numer-
ous post -harvesting stump sprouts characterized
the stocking conditions on the harvested site,
where five standard and five post- harvesting
stump sprouts (a total of 10 trees) were sampled.
Sapflow measurements obtained on all 15 sample
trees on approximately a biweekly schedule for 18
months (from the middle of 1996 through 1997)
were converted into estimates of water use (trans-
piration) by the sampled trees on a daily and sea-
sonal basis. These estimates were then averaged to
obtain estimates of water use for the sample of
mature trees on the unharvested site, and mature
trees (standards) and post- harvesting stump
sprouts on the harvested site.

Sapflow Velocity Method

The sapflow velocity method of estimating water
use by plants is based on measurement of the rates
of flow within the water -conducting tissue of the
sampled trees (Brooks et al. 1997). A heat pulse is
injected into the sap stream of the trees at a point
in the main stem. Subsequent measurements of
this tracer are made both upstream and down-
stream from the source. The method assumes that
the net upward velocity of sap represents an index
of transpiration rate, and is useful for indicating
periods when transpiration is occurring. Cross -
sectional areas through which sap is flowing are
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calculated from measurements of tree diameter at
breast height (dbh) outside the bark, average bark
thickness of the stem, and average sapwood
widths obtained (in this study) from increment
cores to estimate fluxes of transpiration through
time.

A sapflow meter, originally described by
Swanson (1962) and Swanson and Lee (1966) and
modified for this study, was used to inject the heat
pulse and measure the movement of the tracer. A
historical review of the theory, instrumentation,
and techniques of thermal methods for measuring
sapflow in trees is presented in Swanson (1994).

Initial Results and Discussion
Although Emory oak is considered a drought -
deciduous species, none of the measured trees
lapsed into complete dormancy in terms of sap -
flow meaurements. Contributing factors could be
water storage in the trees, water storage in the soil,
reduced competition for available water because
of dieback of herbaceous vegetation, or a combina-
tion of these factors.

There were little differences in daily water use
between the mature Emory oak trees on either site
for most of the measurement dates (Figures 1 and
2). This finding was largely attributed to the
mature trees on both sites having similar crown
volumes (and therefore photosynthesis capacities),
xylem volumes, and rooting systems. Possible
explanations for the differences in daily water use,
which occurred on about 15 percent of the meas-
urement dates, include differences in the time of
day that each tree was measured in the field and
changes in meteorological factors (such as temper-
ature, relative humidity, cloud cover, radiation
intensity, and so forth) during the time that the
mature trees on one site were measured relative to
the time of measurements on the second site.

However, there were differences in daily
water use between the mature trees and the post -
harvesting stump sprouts on the harvested site,
which were measured on all of the measurement
dates (Figure 3). Average daily water use for the
18 -month study period by a mature tree on either
site was nearly 17.5 liters, whereas about 4 liters of
water were used daily by individual post- harvest-
ing stump sprouts. This result was likely due to
the morphological and physiological differences
between the two tree forms. Crown and xylem
volumes for the stump sprouts were considerably

less than those for the mature trees, although root-
ing systems of the two tree forms are assumed to
be similar.

The relationships of daily water use by Emory
oak trees and meteorological factors were also
investigated. The daily water use by Emory oak
trees appeared to increase after a short lag time
following the cessation of a major rainfall event.
This lag was thought to be due to the time it takes
for rain water to infiltrate the soil and percolate to
a depth where it can be accessed by tree root sys-
tems. There was little relationship between daily
water use and air temperature, or between daily
water use and relative humidity.

Future Analyses

Future analyses of the study data will include the
formulation of regression equations relating an-
nual water use by the sampled trees to individual
tree characteristics; these regression equations will
then be used to derive estimates of water use for
extrapolation to a whole stand. Individual tree
characteristics to be considered include diameter
at the root collar (drc), dbh, total height, and
crown volume. Crown length and crown volume
will also be regressed to provide possible proxy
values for crown volume. The regression equation
for estimating annual water use as a function of
either dbh or drc will serve as a basis to estimate
annual water use by stands of Emory oaks. These
estimates will be obtained for stands that are
representative of unharvested and harvested
stocking conditions through extrapolations of the
regression equation to respective inventories of
stocking conditions in the immediate vicinity of
the sites sampled. The effects of fuelwood har-
vesting or other forms of tree removal with regard
to water use by Emory oaks can then be analyzed.

Future analyses will facilitate development of
a more comprehensive water budget for oak
woodlands in southeastern Arizona. To achieve
this purpose, estimates of annual water use (trans-
piration) by stand will be converted to a one -
dimensional measurement (mm) of depth. These
estimates will then be compared to annual pre-
cipitation amounts to determine what proportion
of the precipitation is used by Emory oaks in the
two types of stands sampled. Changes in the water
budget because of fuelwood gathering or other
forms of tree harvesting can be imputed from
these estimates.
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Figure 1. Average daily water use (with standard deviations) by mature Emory oak trees on the
unharvested site.



10

o

150 200 250 300 350 35 85 135 185 235 285 335

Julian date

Figure 2. Average daily water use (with standard deviations) by mature Emory oak trees (standards) on
the harvested site.
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Figure 3. Average daily water use (with standard deviations) by post -harvesting Emory oak stump
sprouts on the harvested site.
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