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SO, WHAT IS PLANT OPTIMALITY
THEQRY?

From the C perspective:

More photosynthesis = More growth

But what about limitations to growth¢ Need to account for:
H,O
Nutrients
Drought legacies

Optimisation theories typically trade off a photosynthetic or growth ‘gain’
function with a ‘cost’ function accounting for one or multiple limiting factors.



BUT IN LSMs...

Structural limitations may prevent the effective combination of multiple limiting
A factors into a single ‘cost’ function and may also prevent reliance on a single
overarching optimisation objective.

Testing has focused on optimality principles accounting for a given limiting resource in
isolation, e.g., the cost of limited water supply OR that of limited nitrogen availability.



WE WANTED TO:

Know whether contrasting optimisation approaches could be applied

together, including when hydraulic legacies from climate extremes affect
optimisation outcomes.

Know whether we could infer the timescales over which vegetation functions
adjust to maximise resource investment and /or resilience.

Explore the relationship between drought-driven foliage dynamics and
plant hydraulic function.



WE INCORPORATED COMPETING OPTIMISATION
PRINCIPLES AND HYDRAULIC LEGACIES IN A LSM

Leaf nltrogen aIIocatlon (Nopt)

NN N\

[48 half-hours x N days| |48 half-hours x N days| |48 half-hoursx N days| |48 half-hours x N days| |48 half-hours x N days]

Canopy gas exchange
every half-hour | 48 half-hours x N days 48 half-hours x N days 48 half-hours x N days

./ N/ \

Hydraulic legacies (Hieg)
every 14t 30t 60t 90t, or 180t day




WE INCORPORATED COMPETING OPTIMISATION
PRINCIPLES AND HYDRAULIC LEGACIES IN A LSM

optimisation of leaf nitrogen allocation
(5 possible timeframes of application,
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= 36 simulation experiments were run to identify the timescales over which competing
adjustments to vegetation function interact most consistently



CANOPY GAS EXCHANGE

1.0

Gain | Cost | Profit
|

Gas exchange
is optimised at the
point of maximum net
profit (gain — cost)

Canopy transpiration and
photosynthesis are set by an
instantaneous stomatal optimisation
principle which trades off possible
carbon gains with a hydraulic cost
associated with maintaining leaf
stomates open.

See Sperry et al.,, PC&E, 2017 and
Sabot et al., New Phytol., 2020 for further
information on this optimality principle.
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Allocation proportion

0.15

Tleaf (o C)

Photosynthetic N:

Electron-transport (N,)

Other soluble proteins (N;)

The amount of leaf nitrogen involved in
photosynthesis and its allocation to photosynthetic
compounds are optimised to account for
antecedent environmental conditions (light,
temperature, water availability) and leaf
phenology (LAI) over a chosen period (N
preceding days).

This optimality principle is based on earlier work by Medlyn,
Aust. J. Plant Physiol., 1996 (but it is not identical).



OPTIMAL LEAF N ALLOCATION
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HYDRAULIC LEGACIES

1.0
— No legacy

--- Little legacy
------ Large legacy

Gain | Cost | Profit
i

Al'pleaf,opt =0.5MPa

Delayed and imperfect xylem recovery
from past embolism are accounted for
as ‘damage’ to the hydraulic pathway.
Hydraulic legacies directly affect
canopy gas exchange, and they
indirectly affect the leaf nitrogen
allocation routine via feedback through
the canopy gas exchange routine.

See Lu et al., New Phytol., 2020 for the
expression of a ‘damaged’ vulnerability curve.
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Water- & nutrient-limited site

3 ambient and 3 elevated [CO,] plots
variable LAl and soil texture (moisture) across plots |

lots of observational data (2013 — 2020)



PREDICTABLE AND COHERENT ADJUSTMENTS TO
FUNCTION

Compared to our default model (canopy gas exchange alone), accounting
for leaf N allocations (N, ) and /or hydraulic legacies (Hieq) reduced the
simulated WUE (ratio of carbon assimilation to transpiration) across site plots,
to varying degrees depending on soil moisture, LAl, and [CO,].

were small.

N

drove change in the simulated WUE, contributions from H

opt leg

The higher the frequencies of simulated functional adjustments (e.g., N,
applied every 7" day rather than every 35™ day), the less water-use efficient
the model.



MORE FREQUENT ADJUSTMENTS TO FUNCTION
= INCREASED MODEL PERFORMANCE

Three statistical metrics were used to assess the model configurations’ ability to capture
daily observations of canopy transpiration:

Accuracy: Mean Absolute Scaled Error, i.e., whether model predictions are more skilful than
one-step forecasts of the observations

Similarity: overlap between modelled and observed binned distributions
Variability: ratio of modelled to observed sample deviation
Skill across these three metrics was summarised by quantile ranks, which consider a model

configuration’s performance relative to that of all other model configurations within each
metric.



MORE FREQUENT ADJUSTMENTS TO FUNCTION
= IN(REASED MODEL PERFORMAN(E

The best overall model configuration
combined H, , applied every 30" day
with N, applied every 7™ day, in
addition to accounting for canopy gas
exchange every half-hour.




WE WANTED TO KNOW:

Different model configurations affected WUE simulations in a predictive and
interpretable manner along axes of variation in soil moisture, LAl, and [CO,].

Across model configurations, more frequent adjustments to function typically increased
model performance.

= WHAT DID THE SIMULATED ADJUSTMENTS TO FUNCTION LOOK LIKE?
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PREDICTED ADJUSTMENTS TO FUNCTION
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Good agreement between the
dynamics of the simulated leaf
nitrogen directly involved in
photosynthesis (Np) and those of the
observed total leaf nitrogen (Njeaf)-

ANp: difference between the time-varying Np

and the average Np from across the aCO,

plots at the onset of the simulations (Npm).
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ANjeaf: difference between the time-varying
Nleaf and the average Njg,r at the aCO, rings
during the first measurement campaign in 2013
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PREDICTED ADJUSTMENTS TO FUNCTION  crigeren

aCOz eCOz

The observed seasonal shifts from low J,,, ;525 in spring /summer to
high [,0x25 in autumn/winter were predicted well.
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PREDICTED ADJUSTMENTS TO FUNCTION  crigeren
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PREDICTED ADJUSTMENTS TO FUNCTION  crigeren
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Leaf water potential was fairly well captured (inset density plots), for the dates at which

observations were collected in 2013/2014 (marking dots along the x- axis).

Significant percentage losses of hydraulic conductivity (PLC) but small hydraulic legacy

effect (<15% extra PLC in the best model configuration compared to the default, lasting

no more than 2 months).




PREDICTED ADJUSTMENTS TO FUNCTION
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PREDICTED ADJUSTMENTS TO FUNCTION  crigeren
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Limited impacts on the canopy fluxes, although the GPP simulated by the best model
configuration could be >10% lower than the default’s in spring/summer/dry years.

Departure from the default model configuration more pronounced at the aCO, than at

the eCO, plots: greater CO, fertilisation effect simulated by accounting for N, and H,_
(+13.1% GPP between aCO, and eCO, in the best model vs. +9.6% in the default).



UNDERSTANDING THE LACK OF SIMULATED HYDRAULIC
LEGACY: FOLIAGE RESPONSE TO DROUGHT (Best modiel

configuration)
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UNDERSTANDING THE LACK OF SIMULATED HYDRAULIC
LEGACY: FOLIAGE RESPONSE TO DROUGHT

Higher than average LAl
(wet years) led to extra
PLC, and to increasing

carbon storage (A;_,,,) until
c. 2016 (eCO,) or c. 2017
(aCO,).

After those years (dry
years), the trend was
reversed.
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= Drought legacy effects were accounted for through LAl dynamics that prevented

hydraulic damage.



TAKEAWAY

Competing optimisation approaches affected model simulations in a predictive
manner, via interactive physiological adjustments that could also be
interpreted theoretically.

Significant canopy PLC, but no sustained hydraulic damage thanks to LAI
dynamics that averted hydraulic conductivity loss.

How to capture LAl dynamics during drought is a key research frontier for
predictions of canopy dieback and/or plant mortality.

Don’t hesitate to get in touch :)
m.e.b.sabot@gmail.com
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