UT7.2 Terrestrial forest ecosystems

Photosynthesis and water use

(e
UNIVERSITATo: Bw
BARCELONA
Some rights reserved
— © Presentation, Daniel Nadal-Sala, 2024
D nadal@ub.edu

© Images, their authors

Daniel Nadal-Sala (d nadal@ub.edu)

Ecologia d’Ecosistemes i Biogeoquimica // 2023-2024
BEECA Department, Ecology Section



» Photosynthesis / Assimilation
» Respiration and turnover
» Transpiration, water use efficiency and drought stress

> Upscaling to the canopy (LAI)



The tree, a bio-reactive machine

Wa low i’

Soil (nutrients)

Terradas et al., 1989



Water pump within the tree
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Leaf structure
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PLANT PHYSIOLOGY , Third Edition, Figure 8.1 © 2002 Sinauer Associates, Inc.

NADPH & ATP generated during the light phase of the photosynthesis. Then, they
are used to produce the photo assimilates during the dark phase of the
photosynthesis



Trivia (1')

WhICh of the following statements
' IS not true? '

___________________________________________________________________________________________________________________________

Water flows | | C assimilation Plant water Plants
through the occurs inside use depends | | regulate leaf
plant cell’s on leaf area, permeability
following a chloroplasts climate to water
negative and only conditions, and carbon
pressure requires light and root via stoma
gradient uptake aperture




Measuring photosynthesis in trees (and forests)
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Whole-tree chambers (IMK-IFU, GAP)

Eddy-covariance tower (Hyytiala, Finland) Li-Cor leaf chamber (LI-6400XT)



A, (umol m2s1)

Farguhar model (carboxylation VS RuBP regeneration)
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Photosynthesis dependent on Ci and PAR
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Temperature optima for the photosynthesis
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Differences among C3, C4 and CAM plants
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Balance of the reaction

Mitocondrial respiration
Chloroplast photosynthesis

Or in mass / energy terms:

energy sugar
44g CO,(12g C)+ 18g H,0+ 123 kcal (515 kJ) < 30g CH,0+ 329 O,




Light use efficiency by the plants
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Nonabsorbed wavelengths
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Still, subtract respiration costs!

Carbohydrate

PLANT PHYSIOLOGY , Third Edition, Figure 9.2 © 2002 Sinauer Associates, Inc
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Figure 3. Cumulative total biomass (Total DM; aboveground dry
mass + belowground dry mass) for loblolly pine as a function of cu-
mulative absorbed photosynthetically active radiation (APAR) for
plots exposed to ambient (~360 pl 1-!, @) and elevated (~560 pl 17!,
O) atmospheric [CO.]. Radiation-use efficiency (g) was calculated as
the slope of the relationship between total dry mass and APAR, where
APAR was calculated from pine L* derived from allometric equations

Delucia and Hamilton, 2002

1gC ~ 42 kJ~ 10.3 kcal

1gMO~ 047gC~ 20 klJ~ 5 kcal



Respiration and turnover rates
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Trading water for carbon



Expensive trading of water for carbon

Atmosphere

Leaf

Water conductance in
mmol m2s1!

Carbon conductance in
umol m2 st

A factor of ~ 103!



Water use efficiency

Water availability

mmolCO, /molH-0

Sunflower crop

(a)

(Irrigated) 200
Sunflower crop 5 202
(Water deficit) '
Pinus halepensis (b)
(Andorra, Teruel) 2
Quercus ilex (c)
(Prades. Tarragona) 2k
Pi hal '

inus halepensis & 45\

(Yatir. Israel)

(a) Lauteri, Brugnoli y Spaccino, 1993 (b) Gracia y Barrantes, 1995 (c) Gracia,
2000 (d) Nadal-Sala et al (2024)

...express how
much carbon is
fixed in
photosynthesis
per unit of water
lost.

Plants transpire
about 1000 g of
water to fix
between 2 and 3
g of C, so the
amount of water
transpired is
300 -500 times
the weight of
carbon.




Intrinsic Water use Efficiency (i(WUE)

kg of H20 transpired / kg of gross C fixation
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Sabaté et al., 2011



iIWUE increases with atmospheric [CO,]

Eucalyptus saligna (Sydney)
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iWUE at elevated CO2 = 1.6 times iWUE at ambient CO2

Atmospheric [CO,] increases result in
stomatal closure and photosynthetic
boost, which enhances iWUE.



Abiotic stress (WATER!) limits vegetation C sink

CO, uptake
=

© Henrick Hartmann; P. sylvestfisiin'Germany: (2018)
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Soil moisture deficit (GRACE observations)
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Humphrey et al., 2018 (Nature)



Tree responses to water deficit

Drought stress

Trees reduce g, under drought
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Drought stress-induced leaf shedding

ter drought
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Dying by drying
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Trivia (1')

WhICh of the following statements

Is true?
Intrinsic Drought Intrinsic water Leaf area
water use stress use efficiency | | dynamics do
efficiency is enhances is the not affect
reduced as assimilation at | | Assimilation / plant
[CO,] global scale stomatal desiccation
Increases conductance rates

at leaf level




xe b‘!""f\ crA
) ALY O 'blo NS




Leaf Area Index (LAI)

LAI stands for Leaf Area Index, and its units are in m2leaf m-2ground

1 squirrel; LAl = 3
1 m? leaf: LAl = 3

1 m? |eaf: LAl = 2

1 m? leaf; LAl = 1

1 m?2 ground

But what limits the LAI for the different biomes?



Measuring the LAI

Non-destructive Destructive

Allometric relationship for white pine
(Pinus strobus), US
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Light extinction: the Lambert-Beer law
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LAl surface rather than canopy depth

Meyers, 2001



Global LAI distribution

LAl 1x1 km. Copernicus Global Land Service, 2017

Regional differences in LAl due to environmental conditions



LAl and water availability

Water limitation of LAI
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Energy limitation on LAl
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LAl dependent on the most limiting factor either (energy or water)



LAl values across the different biomes
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Leaf senescence
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Leaf nutrient resorption
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LAl drought-induced seasonality

Summer drought

Aleppo pine (Pinus halepensis) plantation,. 2800 ha, ~55 years
old & < 350 trees ha-'. Prec. < 300 mmy-', ETP > 1400 mm y-
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Nadal-Sala et al., (2024)



Upscaling fluxes to the canopy

From [flux] * [leaf surface]! * [time step]? to [flux] * [ground surface]1 * [time step]?

Eddy-covariance tower

We use the LAI (m2leaf m~2ground)

We can also use Sapwood Area
(m<sapwood m—2ground)

Sap flow sensor

Dendrometer

Satellite observatlons (Czech Republlc)

m 11 August 11
2015

2019

Arbucies, Catalunya

Ghisi et al., 2023 (FORECOMAN)
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Maintenance
respiration

J

Metabolic cost of
building up tissues

?

© Gracia & Sabaté

Estimation on the water requirements

in PRADES (Tarragona)

Annual Precipitation (mm y1)

Photosynthesis (gC m2 y1)
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WUE: 301 g water/gC

Transpiration = 80% of
precipitation




Trivia (1')

WhICh of the following statements
' is not true? 5

___________________________________________________________________________________________________________________________

As atmospheric | | Maintenance || 1 gC provides Leaf area
[CO,] respiration about 100 index is
Increases, amounts kcal of larger in
stomatal about half of energy, and wetter
conductance the C 1gMO ecosystems
decreases assimilated contains

about 0.5 gC
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