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ABSTRACT
PHYSIOLOGICAL CONTROL OF TRANSPIRATION AND SCALING
EVAPOTRANSPIRATION AT THE BOSQUE DEL APACHE,
A RIPARIAN FOREST
BY

ERNESTO ALONSO CATALAN-VALENCIA, B.S., M.S.

Doctor of Philosophy in Agronomy
New Mexico State University
Las Cruces, New Mexico, 2001

Dr. Vincent P. Gutschick, Chair

Evapotranspiration (ET) by riparian species has become a matter of interest
for ecologists and water managers at the Middle Rio Grande. As a multidisciplinary
project, several methods to estimate this important and uncertain component of the
hydrologic budget have been tested at different sites along that region. Together with
three micrometeorological methods to estimate ET at the stand level, a biophysical
model to predict ET has been tested at the Bosque del Apache, near Socorro, New
Mexico. Our overall interest was to develop a mechanistic model of transpiration (E)
and assimilation (4) capable of being scaled up from the leaf to the stand scale, and
transferred among species and sites. Therefore, it was necessary to establish the

physiological and ecological mechanisms and patterns controlling the fluxes of water



and CO, at each scale. The second chapter addresses this need by testing that our
experimental data on stomatal conductance and CO, assimilation can be fitted to a

" complete model of stomatal control. Our model captures the main physiological
mechanism of control at the leaf scale. The third chapter presents tests of our ability
to model light distribution on leaves as an important environmental factor controlling
the fluxes at the branch to tree scales. The last chapter describes the whole model
and presents an evaluation of its performance by comparing measured and predicted
fluxes at the tree and stand levels. It also presents an analysis of other environmental
mechanisms controlling the fluxes at the tree to stand scale. The model performed
well in predicting branch, tree, and stand transpiration. A number of common
approximations in process modeling were shown to affect accuracy in predicting

fluxes; more rigorous process models such as we used are needed.
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CHAPTER 1

INTRODUCTION

The fate of water on the Middle Rio Grande in New Mexico, near Socorro, is
both important and uncertain. It is important for management of crop irrigation, city
water supplies, and ecological function of riparian forest. The riparian forest itself,
formerly dominated by cottonwood (Populus fremontii), has been impacted by
invasion of the exotic woody species, tamarisk (Tamarix ramosissima). Among the
major uncertainties are: (1) the division of total out-of-channel flow among
evapotranspiration (E7) by riparian trees and lateral flow beyond the riparian zone;
thus, one focus is total riparian £T; (2) whether tamarisk has a substantially higher ET
than cottonwood, further justifying its eradication; and (3) whether riparian-tree ET is
substantially lower than irrigated-crop ET, thus ameliorating the cost of maintaining
native riparian ecosystems.

In 1998, the Bureau of Reclamation, under the leadership of Steve Hansen in
the Albuquerque office, initiated a program to quantify water fates, particularly
riparian-species ET, along the Middle Rio Grande. A multidisciplinary team was
assembled to quantify ET at the level of physiological control (leaf to tree scales; V.
Gutschick and group from NMSU) and the level of whole stands (eddy-flux
covariance and novel LIDAR techniques). Precision eddy-flux covariance (EFC)
measurements were done at 3 towers, 2 in tamarisk and 1 in cottonwood, by L. Hipps

(Utah State University) and John Prueger (Iowa State University). S. Bawazir and J.



P. King of NMSU also tested a sjmpler method of EFC for sensible heat flux H using
inexpensive propeller anemometers (method of Blanford and Gay, 1992); ET was
obtained as the residual LE = R, - G - H, where LE = latent heat flux (ET multiplied
by latent heat of vaporization of water), R, = net radiation (input minus output), and
G = soil heat flux. This method might be replicated inexpensively over a dense
network of sites if it proves reliable. The LIDAR (Light Detection and Ranging)
technique of D. Cooper (Los Alamos Nat. Labs.; see Cooper et al., 1999) and of W.
Eichinger (University of lowa) maps the atmospheric water vapor distribution in 3-D
frequently, allowing not only estimates of total ET but also its spatial distribution.
The spatial resolution allows testing of hypotheses that ET is intermittent in time and
that significant ET differences exist in apparently uniform stands.

The work on the scale of leaf to tree was performed to test the following
hypotheses: (1) that ET can be estimated robustly (accurately, with minimal detailed
information of tree physiology and structure) from measured stomatal control
parameters, simple estimates of leaf area index, and basic meteorological data; and
specifically, (2) that the Ball-Berry model of stomatal control (Ball et al., 1987)
accurately represents leaf ET.

Toward these goals, the following series of measurements were performed:
(1) gas exchange on many individual leaves. Two modes were employed: open mode
(OMGX), in.which a single leaf is stabilized at each of a series of environmental
conditions (particularly humidity and temperature in full sun), and closed mode

(CMGX), in which large sets of leaves were measured once each for short times under



varied conditions, effectively sampling behavior of the whole ensemble; (2) light
interception by representative leaves (about 12) on each of 2 branches. The measured
irradiance on leaves was used in two ways: (a) to estimate total light interception on
each branch, thus, to compose an estimate of whole-branch ET from models of leaf
ET based on stomatal control, photosynthetic parameters, and energy balance; (b) to
test models of light penetration into vegetation stands; the models are needed to
predict whole-stand interception and consequent ET;, (3) sapflow through individual
branches (the same ones on which light interception was measured) and whole trees.
The whole-tree sapflow was used to test how well ET is estimated from models of
leaf behavior and radiation penetration to leaves. It was also used to estimate
whole-stand E7, by multiplying ET per tree by tree number per ground area,
correcting for tree size differences.

These measurements were done in two separate campaigns, 31 Aug.-18 Sept.
1998 and 02-25 Jun. 1999. The two years differed substantially in water status of the
vegetation. In 1998, the campaign was delayed, such that natural senescence was
beginning in response to photoperiod. Also, the water table had retreated
significantly, to about 4 m depth at the cottonwood site. In 1999, a very dry spring

was terminated by an intense rainstorm that led to long (2-week) flooding of the site.
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CHAPTER 2
PHYSIOLOGICAL CONTROL OF TRANSPIRATION

Abstract

Physiological parameters describing stomatal control and photosynthetic
capacity at the Bosque del Apache showed important variability among species and
seasons. The statistical and functional significance of such variability was analyzed
in order to determine its influence over the fluxes of water (transpiration: E) and CO,
(assimilation: 4). The purpose of the analysis was to define which parameter must be
most accurately measured, and to determine if the integrated E and 4 fluxes respond
linearly to parameter values and thus can be modeled with average parameter values.
The involved parameters were the slope m and the intercept b in the Ball-Berry
model, as well as the maximum photosynthetic capacity 7, * (referred to 25 °C).
Stomatal conductance (g,) was well described by the Ball-Berry model of stomatal
control. The invasive species tamarisk (ZTamarix ramosissima) showed a significantly
higher m value than the native species, cottonwood (Populus fremontii). A
significant correlation was observed between m and b for both species. The estimated
flux control coefficients of g, over E were higher than that over 4, indicating a higher
control of g, over water flux than over assimilation, as expected (Jones, 1996). When
stomatal response to variations in air humidity over the day were averaged out in the

model, the effect on water-use efficiency, A/E, was remarkably small. The predicted






