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Ecophysiology, Part II:
Water Relations

So…Why care about ecophysiology?

Ecophysiology can tease apart 
the interaction of genes and 
environment as expressed in 
form and function of plants.

Genes: (defined potential physiological activity)

Tendency to TYPE FORM
(e.g., QUGA = spreading crown,
ABLA = narrow crown)

OPTIMA or RANGE of 
various FUNCTIONS

Environment: (conditions varying in time and space)

LIGHT

MOISTURE

WIND

SUBSTRATE

Mitchell Almaguer-Bay (CFR501 Class of 2003)

SPAC (Soil-Plant-Atmosphere Continuum) describes 
ψw gradient

Soil: not generally
such a low ψw

Air: 
very low ψw

hydraulic 
resistance

mesophyll
resistance

stomatal 
resistance

root surface 
resistance

Van Pelt 2001

What happens 
between the 
soil and 
atmosphere?

After Running and Reid 1980 
(and doctored from Lassoie et al. 1985)

Observed values in 
lodgepole pine (Pinus 
contorta) illustrate water 
potential gradient from soil 
to root (to stem to branch)
to twig to leaf (to air).
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Soil-Plant-Atmosphere-Continuum (SPAC) Observed Values

1 Megapascal (MPa) ~ 10 bar (10 atmospheres)

• Environmental “controls” (Top-down)
– temperature
– vapor pressure deficit (VPD)
– light
– wind (via leaf boundary layer)

• Biological “controls” (Bottom-up)
– hydraulic resistance (anatomy, cell wall elasticity)
– stomatal conductance 
– osmotic adjustment
– leaf drop/abscission

What determines steepness of ψw gradient?

Red noise process here!

Daily Water Relations Trends

Simpson 2000

Interior Douglas-fir in BC, mid-June
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James A. Lutz and Andrew J. Larson (courtesy Mitchell Almaguer-Bay)
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Water Potential and Soil Drying

Pessarakli 1994

Ψsoil

Ψroot

Ψleaf

Water withheld

Values converge 
overnight, ∴ can 
use Ψleaf, pre-dawn to 
estimate soil water 
potential

Water Potential: How do we know?
Scholander pressure chamber 

(aka “pressure bomb”…though don’t refer to it this way when traveling)

Pressure Chamber Use

Positive chamber pressure
exceeding tension of 
water in cottonwood leaf

Linda Brubaker

Water-Use Efficiency (WUE):
Ratio of Photosynthesis to Water Loss

Measured as: C fixed per unit water loss (A/E)

(Low WUE)

(High WUE)
Stomatal conductance
(for given C utilization)

Photosynthesis (A)

Transpiration (E)

low

high

If all other factors are equalIf all other factors are equal:: an increase in conductance (stomatal 
opening; g) increases transpiration more than photosynthesis. 

"closed" stomates

low Cico2 co2

"open" stomates

high Ci
co2

co2
co2co2

co2 co2

= trade off!

Time-integrated measurement of WUE:
Stable isotopes of carbon (13C vs. 12C; δ13C)

Stomatal pore size affects δ13C of photosynthates:

Thus, δ13C is higher/less neg (∆ lower) in plants w/higher WUE.

little discrimination against 13Chigh discrimination against 13C

low water-use efficiency (A/g) high water-use efficiency (A/g)

much less 13C than in standard 
(low δ13C or high ∆)

slightly less 13C than in standard 
(high δ13C or low ∆)

δ13C: difference between 13C in plant tissue and standard. (13Cplant - 13Cstandard)

"open" stomates "closed" stomates

high Ci low Ci
co2

co2
co2co2

co2co2 co2 co2

δ13C (isotopic composition) is always negative. ∆ (discrimination) is a 
function of δ13C that incorporates the isotopic composition of air, 
integrating discrimination in both carboxylation AND diffusion.

δ13C and Transpiration 
(cumulative) in needles from 
PSME trees with various 
water availabilities.

Livingston & Spittlehouse 1993

Example 13C Relationships

Discrimination ( ) would be 
inversely related to 
Transpiration.
(Values for not real; shown for 
illustration purposes only!)
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