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•In semiarid climates, water is the fundamental factor determining
ecosystem productivity and thereby the capacity for carbon sequestration.

•Increased water use efficiency (WUE), the ratio of carbon assimilation
(photosynthesis) to water transpired (transpiration), is assumed to be an
adaptive strategy for sclerophyll shrublands to improve stress resistance in
drylands.

•Although, high WUE is often related to low yield (Blum, 2009), such a
relationship may vary among species and/or environmental conditions.

•WUE is usually determined using instantaneous measurements of leaf gas
exchange in sunny and non-senescent leaves.

•However, leaf level measurements of photosynthesis and transpiration do
not always represent the whole plant carbon and water balance (Medrano
et al., 2012), and large discrepancies between leaf WUE and plant WUE
are found (Poni et al., 2009).

Whole-plant scale measurements are needed ¡¡ 2
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Measurement of canopy CO2 and water vapour fluxes 
using a transient-state closed chambers
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I. characterize the diurnal and seasonal variations of 
canopy photosynthesis (An), transpiration (E) and 
water-use efficiency (WUE) of the three dominant     
species under different environmental conditions.

Sites: El llano de los Juanes, 
Almería

Elevation (m) 1600
Vegetation
covered (%) 50

Dominant species

Festuca scariosa,
Hormathophylla spinosa

Genista pumila

Canopy height (m) 0.3

Lithology Limestones and dolomites

Soil type (WRB 2007) Rendzic Leptosols or Luvic
Calcic Phaeozems

Soil Texture Silt loam

Annual temperatura
(ºC) 12

Annual precipitation
(475 mm)

strong interannual
variation of precipitation, 

which
mostly occur in spring and 

in autumn.

Growing period  
(May)

Dry period
(July)

Autumn and Winter 
periods

(December & 
March)

Experimental
Site Objective:

Evaluate physiological and environmental regulation of 
whole plant water-use efficiency (WUE) in the field.
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Growing period (May 2012)



8.3 g CO2 day-1
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Typical diurnal time course of
photosynthesis during growing period 

Hormatophylla sp.



1.2 mm day-1
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Typical diurnal time course of
Transpiration during growing period 

Hormatophylla sp.
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Typical diurnal time course of
Water-Use Efficiency during growing period 

Hormatophylla sp.
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Drought conditions (July 2012)



Effect of water stress on Photosynthesis

= -2.8 MPa, LA=1.2 m2

= -7.9 MPa, , LA=0.8 m2

Water Potential & Leaf area
= -3.3 MPa, LA=2.1 m2

= -4.6 MPa, , LA=2.1 m2

= -2.1 MPa, LA=1.7 m2

= -3.5 MPa, , LA=1.6 m2
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Water Potential & Leaf area

Water Potential & Leaf area
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= -2.8 MPa, LA=1.2 m2

= -7.9 MPa, , LA=0.8 m2

Water Potential & Leaf area
= -3.3 MPa, LA=2.1 m2

= -4.6 MPa, , LA=2.1 m2

= -2.1 MPa, LA=1.7 m2

= -3.5 MPa, , LA=1.6 m2
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Water Potential & Leaf area

Water Potential & Leaf area

Effect of water stress on Transpiration
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Autumn and Winter time 
(December 2012 and March 2013)
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Temperature and light limitation during winter 
time
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Seasonal time courses of 
Water-Use efficiency
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Conclusions
1. Differing water use strategies and ecological functions

1. Summer:
1. Grasses (Festuca sp.) water potential values as low as -7.9 MPa reduce both

photosynthesis and transpiration rates.
2. Shrubs (Hormatophylla sp. and Genista sp.) showed moderate drought effects.

2. After autumn rains, ecosystem functioning is recovered (but light and temperature
limitations).

2. WUE is strongly dependent on both spatial (whole plant Vs. leaf level) and time-scale
considered (daily Vs. hourly). This chamber design is as a valuable tool to study whole
plant carbon and water budgets.

3. Overall, drought had a small impact on plant WUE among species (May and July similar).
However, the recovering of carbon assimilation after autumn rainfall and the strong reduction

of transpiration by low VPD caused a drastic increase in WUE in Winter.

4. The positive response of WUE to long drought periods and cool winter explains the
sustainability of this ecosystem under such limiting environmental conditions.
Measurements of carbon assimilation in individual plants with the chamber revealed the
high capacity of shrub canopies for carbon sequestration.
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