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Tree water status and net assimilation rates (NAR) were measured in
a transplanted northern red oak (Quercus rubra L.) sapling under green-
house conditions on sunny days before, during and immediately following
an induced drought. Water status was characterized by measurements of
foliar transpiration rate (TR), leaf conductance, branch diameter, and
xylem pressure potential and these factors were interpreted in relation
to selected environmental factors. During the peak of the drought,
daily average NAR and TR were reduced 98 and 70%, respectively, compared
to predrought averages. Hydraulic recovery following irrigation com-
menced immediately but physiological recovery was incomplete. The control
of gas exchange throughout the study was primarily due to hydroactive
stomatal closure.

—-—-—..—._....._......_..._...——--—-—-u-.—...._-——-——.—__.—.——-

INTRODUCTION

Conditions conducive to the uptake of carbon dioxide, necessary in
the photosynthetic process, may also favor the rapid loss of water through
transpiration. Associated with the daily loss of water is the development
of internal plant water deficits which can greatly influence stomatal
opening, photosynthesis, respiration, protein synthesis and translocation,
all of which ultimately affect growth and survival (Hsiao 1973). There-
fore, the availability of water often determines the success or failure
of many plants and affects the composition of most vegetative communities
(Daubenmire 1968).
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Within the oak-hickory forest region, climax forest types are quite
variable and are site specific depending primarily upon the availability
of soil water (Bourdeau 1954). Northern red oak (Quercus rubra L.) is
one of the most widely distributed and commercially important oaks
throughout much of this region (Harlow and Harrar 1958, Core 1971). It
is generally considered intermediate in shade tolerance and is typically
found sharing dominance in climax stands on mesic sites (Fralish, Chambers,
and Anderson 1971). Though a mesophytic species, northern red oak is
usually deep rooted which is regarded as a drought resistant character-
istic (Longman and Coutts 1974).

Severe and persistent summer droughts in mid-Missouri, though abnor-
mal, occur periodically (e.g., 1972, 1975). Therefore, northern red oak
must be capable of surviving periods of low soil moisture in association
with high atmospheric demands. This study examines the effect of an
extreme, artificially induced drought on the diurnal patterns of net
assimilation and tree water status of a transplanted northern red oak
sapling under greenhouse conditions. The short-term effects of such a
drought on the relationships between selected physiological processes
(net assimilation, transpiration, leaf conductance) and certain environ-
mental factors (light, temperature, soil moisture) are also discussed.

METHODS

This study was conducted during May, 1975, in a greenhouse located
at the University of Missouri, Columbia. The study tree was a trans-
planted northern red oak sapling approximately 2 m tall with stem diam-
eter at breast height of 1.5 cm. The sapling was originally obtained
from the School of Forestry, Fisheries and Wildlife research site at the
Ashland Wildlife Area. In August, 1974, it was trenched following the
summer drought period in order to stimulate and contain the growth of
new roots. After a cold treatment in January, the tree and its large,
intact soil mass (approximately 1.0 m in diameter and 0.5 m deep) were
removed and transported to the greenhouse, and a 1l6-hour photoperiod was
used to break bud dormancy. The sapling remained well watered until a
major drought was induced by withholding water from May 4 to May 22.

Carbon dioxide differentials (i.e., ambient minus cuvette carbon
dioxide concentrations) were assessed for three leaves (1.68 dm? total
area) enclosed in a thermoelectrically cooled cuvette (Hinckley et al.
1974) using a Beckman 315B infrared gas analyzer. Transpiration rates
were similarily determined using an EGG Cambridge 880 Dew Point Hygrom-—
eter and a switching system which enabled the measurement of ambient
and cuvette dew points (Mooney et al., 1971). Leaf conductance (the
reciprocal of leaf resistance) was calculated by dividing the vapor
pressure gradient between the leaf and the air into the transpiration
rate (Holmgren, Jarvis and Jarvis 1965). Inside the cuvette, leaf tem-
perature was measured by cementing a fine-wire copper-contantan thermo-
couple to the underside of a leaf, and photosynthetically active radia-
tion (400 to 700 nm) was measured using a Lambda quantum sensor (Biggs






