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Simulation of growth
and plant-plant interactions
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Programme

* Introduce the model and its components
* Test the model
e Assignment + discussion of results



Plant architecture

External factors » Internal processes




Requirements

* Light absorption and photosynthesis at organ level
(source)

e Potential biomass growth of organs
(sink)

* Actual biomass growth of organs depending on supply of assimilates
(source-sink balance)

* Conversion of biomass into organ size

* Plant development (e.g. leaf appearance rate) and architecture (e.g. leaf
angles) still descriptive



Light absorption in FSPM

Light source:

e Daily / hourly ?

e Direct / diffuse ?

* Intensity ?

e Latitude?

e Extra light sources (greenhouse, growth chamber) ?



Light absorption in FSPM
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Light absorption in FSPM

Optical properties of plant organs:
* Reflectance / transmittance / absorbance

reflection

transmission

absorbance + reflectance + transmittance = 1



Light absorption in FSPM

Optical properties of plant organs:
* Reflectance / transmittance / absorbance
* Per wave length / band

Leaf optical properties
for PAR (400-700 nm):
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Light absorption in FSPM

Result: organ-level light absorption




Light absorption in FSPM

Result: organ-level light absorption

fPAR = 1 — e(~k+LAD




Assimilate acquisition in FSP models

Conversion of rate of light absorption to rate of CO, assimilation
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Assimilate acquisition in FSP models

Each leaf has its own photosynthesis rate depending on light absorption
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Assimilate acquisition in FSP models

Maximum photosynthesis rate depends on light gradient in the canopy
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Assimilate acquisition in FSP models

Maximum photosynthesis rate depends on light gradient in the canopy

ppFD \**
PPFD,

Apax = Amax,o ) (

Niinemets & Anten (2009)
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Assimilate acquisition in FSP models

Maximum photosynthesis rate depends on light gradient in the canopy

PPFD, = 1500 pmol quanta m2 s
Aaxo = 25umol CO, m2st_.--
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Assimilate acquisition in FSP models

e Conversion from assimilated CO, to substrates for growth
(CO, molar mass & CO, biomass fraction)

* Maintenance respiration

* Assumption of central pool of substrates




Potential and actual organ growth

* Sink strength / potential growth rate (SS,): the demand for assimilates during
growth of organ i

biomass (mg)
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Potential and actual organ growth

* Sink strength / potential growth rate (SS,): the demand for assimilates during
growth of organ i

* Relative sink strength (SS,; - Heuvelink, 1996): organ sink strength relative to
whole-plant sink strength (i.e. fraction of plant sink strength)




Potential and actual organ growth

* Sink strength / potential growth rate (SS,): the demand for assimilates during
growth of organ i

* Relative sink strength (SS,; - Heuvelink, 1996): organ sink strength relative to
whole-plant sink strength (i.e. fraction of plant sink strength)

sS, =0.11

SS,,=0.07




Potential and actual organ growth

* Sink strength / potential growth rate (SS,): the demand for assimilates during
growth of organ i

* Relative sink strength (SS; - Heuvelink, 1996): organ sink strength relative to
whole-plant sink strength (i.e. fraction of plant sink strength)

* Substrate allocation according to relative sink strength and supply:
* Substrates available to an organ: SA; =SS ; * substrate supply
* If SA >SS, : the organ receives what it demands (SS,)
* If SA <SS, : the organ receives what is available to it (SA,)
* Growth respiration is deducted

* Any excess assimilates are kept as reserves for the next time step



Potential and actual organ growth

* Sink strength / potential growth rate (SS,): the demand for assimilates during
growth of organ i

* Relative sink strength (SS,; - Heuvelink, 1996): organ sink strength relative to
whole-plant sink strength (i.e. fraction of plant sink strength)

* Substrate allocation according to relative sink strength and supply:
* Substrates available to an organ: SA; =SS ; * substrate supply
* If SA >SS, : the organ receives what it demands (SS,)
* If SA <SS, : the organ receives what is available to it SA,
* Growth respiration is deducted

* Any excess assimilates are kept as reserves for the next time step

=>» Some organs are only sinks, some are only source, and some are both

=» Competition between organs for assimilates



- -
—
[ ! ! ! ! ! [ ! ! ! ! !
o o o o o o o O o o o o o o
o o o o o o o o o o o o
(@] o o0 No} < (o] (@] o o0 o} < N
i — — i
(8w) ssewolq (3w) ssewolq
© —
‘5 =
S 2
e s
o <
a
[ T ! ! ! ! ! [ T T T ! ! !
M~ (\o) LN < (98] N — o ™~ (o) LN < o (@) i o

(pp / 8w) o184 YyIMOIS |EnUSOM

(pp / Sw) 2184 yMoOJ43 |ENYOE

300

200

100

300

200

100

organ age (dd)

organ age (dd)



Potential and actual organ growth
Conversion to organ size (leaf example):
* Areaincrement = allocated biomass / leaf mass per unit area (LMA)

* New area = previous area + area increment

In the next model time step, the new area determines light interception






Let’s try it out!



Tutorial

One plant

Run run
Observe organ length profile
Observe substrate reserves

Set seedMass to 0

Observe absence of plant growth

Observe artifact: plant development still going on
Set seedMass backto 100

(parameters0.rgg)



Tutorial

Canopy
e SetnrPlants and nrRows to5 (parameters0.rgg)
* Runrun

* Observe plant differences in charts: plant leaf area, height, biomass and yield
* Observe canopy variables: LAI, absorbed PAR
* Observe field biomass and yield



Assignment: optimize yield

Default yield is approx. 4 t/ha. Try to maximize this value by making changes to
one or more of the following parameters:

rowDistance = 0.35; // distance between rows

plantDistance = 0.35; //distance between plantsin a row

lwRatio = 2; // ratio between leaf blade length and width

leafAngle = 60; // insertion angle of all leaves (90 = horizontal)

leafCurve = 20; // leaf curvature - angle between base and top of blade (0 = flat)
phyllotaxisUpper = 120; //angle between consecutive leaves along a stem
petioleFraction = 0.05; //fraction of biomass partitioned to the petiole

— First determine your strategy, then start simulating
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