Do we have relevant ecophysiological indicators
of efficient water use by planted trees?
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Introduction

Irrigation of tree plantations is economically and environmentally
irrelevant

The water cost of biomass production in tree plantations
limits their extension towards drier areas
might be impacted by climate change

We need selection and breeding programs to produce genotypes able to
use water more efficiently

We need to identify ecophysiological traits that account for acclimation
and adaptation processes to environmental stresses and that are
relevant for genetic breeding for tree plantations.

We need to clarify how these traits affects the carbon and water fluxes at
the plantation level by developing models allowing estimation of growth
and water consumption by plantation
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Differences in productivity among genotypes
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Water use efficiency (WUE) at leaf level

Net photosynthesis

(umolCO, mol?)

~ Stomatal conductance
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Water use efficiency (WUE) at leaf level

Net photosynthesis

= (umolCO, mol?)
' Stomatal conductance
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Water use efficiency (WUE) at leaf level
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Water use efficiency (WUE) at leaf level

Net photosynthesis

= (umolCO, mol?)
' Stomatal conductance
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Water use efficiency (WUE) at leaf level

Genetic mapping of QTL for d'3C in oak

=> Water use efficiency is under genetic
control

O

Brendel et al. 2007
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Water use efficiency (WUE) at leaf level

O

29 clones

13 variables
of poplars

Monclus et al. 2005
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Water use efficiency (WUE) at leaf level

O

Positive correlation between productivity and leaf area

Independence between productivity and WUE for the commercial
euramerican (DxN) clones tested...

Not reliable indicator of growth

Possibility to select genotypes for growth and wate ruse
efficiency independently
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Water use efficiency (WUE): from leaf to harvest

From leaf

To harvested biomass

Net photosynthesis

= (umolCO, mol?)
' Stomatal conductance

\4

Harvest biomass
W, = — (m3wood m-3 H,0)
Cumulated evapotranspiration
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Water use efficiency (WUE) at canopy level

From leaf level

To canopy

Net photosynthesis

W. (umolCO, mol?)

'~ Stomatal conductance

VPD

Net photosynthesis
W = — (mmolCO, mol*H,0)
Leaf transpiration

LAI
Leaf angles

Gross primary production

C kg1H.,0
Canopy transpiration (9C kg™H20)
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Water use efficiency (WUE) at canopy level

Leaf angle distribution
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Water use efficiency (WUE) at canopy level
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Water use efficiency (WUE) at canopy level

At canopy level Gross primary production
by W, = i yP — (mmolCO, mol*H,0)
Canopy transpiration

1- w: fraction of non photosynthetic transpiration (soll
evaporation, nocturnal transpiration)

1- :carbon use efficiency (respiration)

Annual net ecosystem production

c (tc m3 H,0)

Time integration ~ Cumulated evapotranspiration
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Water use efficiency (WUE) at canopy level
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Water cost of biomass production

Gross primary production
W, = —— (mmolCO, mol*H,0)
Canopy transpiration

1- w: fraction of non photosynthetic transpiration (soll
evaporation, nocturnal transpiration)

1- . :carbon use efficiency (respiration)

Annual net primary production

= —— (t m-=H O)
¢ Cumulated evapotranspiration ¢ ’

carbon allocation

v

Harvest biomass
W = — (m3wood m-=3 H,0)
Cumulated evapotranspiration
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Water cost of biomass production

PF1 UG
Evapotranspiration (mm year?) 648 747
ANPP (tC hat year) 8.0 12.7
Leaf Production (tC ha year?) 2.8 2.4
35% 19%
Wood Production (tC hat year?) 5.2 10.3
65% 81%

Carbon allocation is tightly related to yield difference among genotype
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Water cost of biomass production

-K +K
Evapotranspiration (mm year?) 950 1320
ANPP (tC hat year) 9.2 19.9
Leaf Production (tC ha year?) 2.3 3.2
25% 16%
Wood Production (tC hat year?) 6.9 16.7
5% 84%

Carbon allocation is tightly related to yield response to environmental factor
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Carbon allocation

Carbon budget methods:

Allometric relationships -

Leaf litter production

Soil respiration , Leaf respiration
| (0.10-0.23)
GPP simulation
A huge amount of C can be Wood resp
allocated belowground: - " (0.04-0.26)

competition with yield?

Important for resource
acquisition

Trade-off between efficient
acquisition and efficient use

of resource?
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Carbon allocation
Whole crown pulse labelling
with 13CO,;:

Dynamic of allocation
(seasonality)

Tracking C in all
compartments and fluxes

oak beech

pine
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Conclusions

Water use efficiency at leaf level is under genetic control
Water use efficiency is not always related to growth

It is possible for breeders to decrease water cost without
compromising yield

Carbon allocation is an important determinant of the water cost of
biomass production and of the efficiency of resource acquisition

We lack mechanistic understanding of carbon allocation
We have very poor description of

The response to environmental conditions

The variations among genotypes

=> |t should be studied in genotype comparison trials
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Obrigado
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Conductance (mol m2 s1)
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Conductance (mol m2 s1)
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Carbon allocation
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Carbon allocation
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