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INTRODUCTION

On the lower gulf coastal plain of the southeastern United States,
meteorological conditions during the winter months of November to
February remain conducive to aboveground physiological activity.
with frequent periods of high radiation, and temperatures seldom fal-
ling below freezing. While a number of studies have investigated
southern pine physiology during the winter months (Drew and Ledig,

Timothy A, Martin is affiliated with the School of Forest Resources and Con-
servation, University of Florida, Box 110410, Gainesville, FL 32611-0410 (E-mail:
tmartin(@harm.sfrc.ufl.edu).

The author thanks Tom Hinckley for loaning the sap flow systems, and the
University of Florida Department of Agricultural and Biological Engineering for
providing the meteorological data. The author acknowledges the help of Jeff English,
Robert McGarvey and Duncan Wilson with fieldwork, and the helptul discussions
and reviews provided by Eric Jokela and Duncan Wilson.

This studv was funded by the Forest Biology Research Cooperative at the Univer-
sity of Florida. The research was conducted on land managed by Jefterson Smurfit

Caorporation.
Florida Agricultural Experiment Station Journal Series Number XXXX.

[Haworth co-indexing entry note]: “Winter Season Tree Sap Flow and Stand Transpiration in an
Intensivelv-Managed Loblolly and Slash Pine Plantation.™ Martin, Timothy A Co-published simultancous-
Iy inJournal of Sustainable Foresiry (Food Products Press. an imprint of The Haworth Press, Inc.y Vol 10,
No. 1/2, 2000, pp. 155-163; and: Frontiers of Forest Rivlogy: Proceedings of the 1998 Joimt Meeting of the
North American Forest Biology Workshop and the Western Forest Genetics Association (cd: Adan K.
Mitchell et al.) Food Products Press, an imprint of The Haworth Press, Inc., 2000, pp. 155-163, Single or
multiple copies of this article are available for a fee from The Haworth Document Delivery Service
[1-800-342-9678, 9:00 a.m. - 5:00 p.m. (EST). F-mail address: getinfo@@haworthpressinc.com.

© 2000 by The Haworth Press, Inc. All rights reserved. 155



156 FRONTIERS OF FOREST BIOLOGY

1981; Boltz et al., 1986; Day et al., 1991; Teskey et al., 1994; Murthy
et al.,, 1997), most of these studies have focused on organ-level re-
sponses. Few, 1if any, have examined physiological processes at the
whole-tree or stand level. The primary objective of this study was to
quantify winter season transpiration rates of trees and stands of loblol-
ly (Pinus taeda 1..) and slash (Pinus elliottii Engelm.) pine. Transpira-
tion 1s an important process, both in terms of hydrology (Whitehead
and Kelliher, 1991; McNulty et al., 1996) as well as tree and stand
physiology (e.g., Monteith 1995), and is closely linked to productivity
at various scales (Leuning, 1995; Le Maitre and Versfeld, 1997). As
such, measurements of winter transpiration rates will be useful for
understanding the environmental limits to southern pine productivity.
In addition, by conducting measurements in plantations that have un-
dergone intensive cultural treatments, we will gain insight into the
water balance of stands under management scenarios that are becom-
ing increasingly common (Sedjo and Botkin, 1997).

METHODS

This research was conducted in one stand of P. taeda and one stand
of P. elliowii planted 1n 1983, 20 km northeast of Gainesville, Florida
as part of a larger experiment investigating the effects of intensive
weed control and fertilization on growth of southern pines (Swindel et
al., 1988). The sap flow measurements took place on 468 m? study
plots that contained 56 F. taeda or 52 P. elliottii trees (approximately
1150 trees ha™!). After planting, understory vegetation was perma-
nently excluded with herbicide and mechanical treatments, and fertil-
1zer containing micro- and macronutrients was applied one to three
times per year from establishment until 1993. Basal areas of the
P. taeda and P. elliotii stands were 40.5 and 34.8 m? ha™ 1, respec-
tively. Average tree height in the P. taeda and P. elliottii plots were
18.8 and 17.1 m, respectively (range 14.3-20.6 m and 14.6-19.3 m,
respectively) at the time of sap flow measurements. Average P. taeda
and F. elliottii diameter at breast height (DBH) were 20.5 and 19.8 cm,
respectively (range 10-29.7 cm and 15.2-25.7 cm, respectively).

Tree sap flow was measured using the tissue heat balance technique
described in detail by Cermak et al. (1973, 1982), Kucera et al. (1977),
and Cermak and Kucera (1981). Gauges were installed on four sample
trees 1n each stand. Sample trees were chosen so that each tree repre-



|
=]

Part Two: Frontiers of Plant Physiology ]!

sented one fourth of the total basal area of the stand (sample trees were
at the 16th, 59th, 78th and 93rd percentile of the cumulative stand
basal area for Pinus taeda, and at the 30th, 50th, 70th and 94th percen-
tile for Pinus elliottii). Gauges were installed and insulated as de-
scribed in Martin et al. (1997). On the two largest sample trees in each
stand, two gauges were installed on opposite sides of the stem 1o
account for possible circumferential variation in sap flow rates
(Cermdk and Kucera, 1985) and sap flow was calculated as the aver-
age of the two sides. Sap flow was logged each second and saved as 15
minute averages. Measurements continued from early November 1997
until late February 1998.

Tree-level sap flow data were integrated to the stand level as de-
scribed by Cermak and Kucera (1990) and Martin et al. (1997). This
was accomplished by quantifying the relationship between size of the
sampled sap flow trees (in this case, individual tree basal area) and
daily total tree sap flow. This relationship was then applied to the basal
area distribution of the stand to calculate transpiration for each day.

To evaluate the environmental evaporative demand (i.e., the maxi-
mum transpiration rate possible given the meteorological conditions
and no limitations due to reductions in stomatal conductance), a physi-
ologically-based potential transpiration (Tp.) was calculated from
weather station data using the Penman-Monteith equation:

sR + p,C,Dg, |
Tpﬂf = p ‘DD (1)
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where:
Thot is inmm s ™!
s is the slope of the saturated vapor pressure versus temperature
curve (kPa K™ 1)
R is incoming radiation (W m ™ ?), (p, is the density of dry air (kg
m )
C,, represents the specific heat capacity of air J kg 1K™
). is the latent heat of evaporation of water (J kg 1)
v is the psychrometer constant (kPa K™ 1),

Because there is little or no information in the literature on the micro-
meteorology of southern pines, canopy and aerodynamic conductances







