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In the past, stomatal responses have generally been considered in relation to single
environmental variables in part because the interactions between factors have appeared difficult to
quantify in a simple way. A linear correlation between stomatal conductance (g) and C 0 2
assimilation rate (A) has been reported when photon fluence was varied and when the
photosynthetic capacity of leaves was altered by growth conditions, provided Cop, air humidity and
leaf temperature were constant (1). Temperature and humidity are, however. not consistent in
nature. Lack of a concise description of stomatal responses to combinations of environmental
factors has limited attempts to integrate these responses into quantitative models of leaf energy
balance, photosynthesis, and transpiration. Moreover, this lack has hindered progress toward
understanding the stomatal mechanism. We have taken a multi-variant approach to the study of
stomatal conductance and we show that under many conditions the responses of stomata can be
described by a set of linear relationships. This model can be linked to models of leaf carbon
metabolism and the environment to predict fluxes of C02, H 2 0 and energy. In this papir, we show
how the model of conductance can be linked to a description of C02 assimilation as a function of
intercellular C 0 2 (whether empirical or the output of a model) to predict the distribution of flux
control between the stomata and leaf "biochemistry" under conditions in a gas-exchange cuvette.
Methods
C 0 2 assimilation (A) and conductance (g) were measured as we varied conhitions ver the
from 0.1 to 2.0 mmol mS s-' the
following wide range: photosynthetically active photon fluence (I)
concentration (mole fraction) of C 0 2 at the leaf surface (cs) from 100 to 1000 p m o l mol- 1,
temperature (T) from 20 to 35*C, and the diffusion gradient for water vapor between the intercellular air spaces and the leaf surface (w,) from 2 to 30 mmol mol-l. We express gas concentrations
external to the leaf in terms of mole fraction at the leaf surface (interior to the boundary layer) so
that the results apply to any boundary layer conditions.
Results
A linear relationship between A and g when I was varied is apparent in our data but when other
factors are varied the relationship of g to A is less straight forward (Fig. la). Several patterns are,
however, present when C02 or humidity are varied while all other factors are held constant.
Stomatal conductance tends to decline with increasing C02 concentration while assimilation
increases. It has been shown that the intercellular mole fraction C02 (ci) changes linearly with
ambient mole fraction C02 (1). When air humidity is decreased stomata tend to close while relatively little change in assimilation rate occurs. Humidity responses at different values of I through
which A and g vary widely converge toward a single relationship where the ratio A/g is a linear
function of humidity (2).
The data of Fig. l a may be replotted showing stomatal conductance to water vapor (gs w) varies
directly with assimilation rate (A) scaled by relative humidity at the leaf surface (hs), and d ~ v ~ d ebyd
the mole fraction C 0 2 at the leaf surface (cs). This is a simple empirical model of stomatal
conductance which can be expressed as

This model accounts for variations in stomatal conductance when, as in nature, several
environmental factors are changing at once. The slope constant of the model (k) represents the
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